
 
 
 
 

 
 
 

 

 

 

 

 

 

 
 
 

 

 

 

 
 

  
 
 
  
  
 
 

February 27, 2009 

Ms. Kris Flint 
U.S. Environmental Protection Agency, Region 10 
ECL 113 
1200 Sixth Avenue, Suite 900 
Seattle, WA 98101 

Subject: Tacoma Landfill – Third Five-Year Closure Extension Request 

Dear Kris, 

In accordance with Section 3.4.2.1 of the Consent Decree Scope of Work, enclosed are three 
copies (plus two CDs) of the Tacoma Landfill Third Five-Year Closure Extension Request for 
your review and approval.  If approved, this would extend the Central Area closure extension to 
December 31, 2014.  The current 2nd Five-Year Extension expires on December 31, 2009. 

The City of Tacoma has discussed this closure extension request with you, the Washington 
State Department of Ecology, and the Tacoma-Pierce County Health Department.  The City 
believes the enclosed document provides the information needed and meets the requirements 
for the extension request approval. 

If you have any questions or require additional information, please contact me at 253-593-7711. 

Sincerely, 

Calvin D. Taylor, L.H.G. 
Tacoma Landfill Project Coordinator 
Science and Engineering Division 

CDT:sh (Cover Ltr CE III 27Feb09) 

Enclosure 

cc:	 Chris Maurer, Ecology (2) 
Dave Bosch, TPCHD (2) 
Sharon Gelinas, USACE (1) 
Kenneth Tross, Solid Waste Management (1) 
Craig Francis, Science and Engineering Division 
Karen Bartlett, Science and Engineering Division 
Doug Mosich, Legal Department (1) 

File: Tacoma Landfill 
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1.0 INTRODUCTION 


This section describes the regulatory history of the Tacoma Landfill and summarizes the 
purpose of this closure extension request. 

1.1 PURPOSE 

The Tacoma Landfill is currently operating under the second five-year closure extension.  This 
extension expires on December 31, 2009. This document1 serves as the application for the 
third five-year closure extension allowed under Section 3.4.2.1 of the Consent Decree. 

Requested approval will allow the City of Tacoma (City) to keep the Tacoma Landfill Central 
Area open, which will preserve the remaining solid waste disposal capacity for emergency 
disposal needs.  This will provide the environment, rate payers, and the community a substantial 
benefit by insuring that a solid waste disposal option is available in the event of a natural 
disaster, terrorist attack, or other event which precludes hauling garbage to the 304th Street 
Landfill in Graham (LRI). 

1.2 SITE REGULATORY HISTORY 

The Tacoma Landfill (landfill) site encompasses 240 acres, approximately 35 acres of which 
comprise the Central Area. The City of Tacoma, Solid Waste Management (SWM) has 
operated the site since 1960.  The site was placed on the National Priorities List (NPL) of 
hazardous waste sites as part of the Commencement Bay/South Tacoma Channel Superfund 
Site in 1983.  The site remedial investigation/feasibility study (RI/FS) was completed in 1987.  
The Tacoma Landfill Record of Decision (ROD) was signed on March 31, 1988.  The City, under 
a Consent Decree negotiated with the Environmental Protection Agency (EPA) and Washington 
State Department of Ecology (Ecology), has implemented the remedial actions specified in the 
ROD. 

The ROD states that the City will implement a closure plan for the landfill under WAC 173-304, 
and that the closure schedule is considered part of the remedial action at this site.  The closure 
schedule requires landfill closure by December 31, 1999.  The closure schedule includes a 
provision for three five-year extensions. Two extensions have been granted to date.  The most 
recent extension was granted on February 24, 2005, which extended the landfill closure date to 
December 31, 2009.  The third five-year closure extension, if granted, would extend the landfill 
closure date until December 31, 2014. 

The Central Area, the only remaining operational landfill cell, was constructed in two phases 
during 1987 and 1990.  The Tacoma-Pierce County Health Department (TPCHD) issued the 
landfill a Solid Waste Permit with a variance, in accordance with WAC 173-304, upon Central 
Area liner installation completion.  The landfill currently operates in accordance with WAC 173­
351 under a full permit issued by TPCHD. The Central Area was designed and constructed to 
provide permanent source control for the cell so that operation would be protective of human 

1 This document is Amendment #1 to the Tacoma Landfill Third Five-Year Closure Extension Request 
document submitted on February 27, 2009.  The primary purpose of this amendment is to update the 
figures, tables, and text to incorporate 2008 monitoring data. 
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health and the environment.  This protection has been demonstrated by over twenty years of 
operation in accordance with TPCHD Solid Waste Permit and Consent Decree requirements.  
The Central Area has not received waste since 2003 in order to preserve the remaining volume 
for emergency use. The Central Area TPCHD Solid Waste Permit is in effect through 
December 31, 2014. 

In addition to the ROD, Consent Decree, and TPCHD Solid Waste Permit described above, the 
landfill operates under the following federal, state, and local regulations and requirements: 

	 Federal – 40 CFR Part 258, RCRA Subtitle D, and CERCLA Section 105;  

	 State – RCW 70.95, WAC 173-304 & 351, and the Ecology Solid Waste Management 
Plan; and 

	 County and City – Tacoma-Pierce County Solid Waste Management Plan. 
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2.0 CLOSURE EXTENSION REQUIREMENTS 


This section describes the requirements that the City must demonstrate in order to receive a 
five-year closure extension. These requirements are defined in the Consent Decree and 
identified by EPA in their February 2005 approval letter granting the second five-year closure 
extension. Sections 3.0 and 4.0 will demonstrate that the Tacoma Landfill and Solid Waste 
Management have met these requirements for closure extension. 

2.1 CONSENT DECREE REQUIREMENTS 

Consent Decree Scope of Work Section 3.4.2.1 identifies the requirements for closure 
extension. The section requires that the Settling Defendant (City) must demonstrate to the 
satisfaction of the Government Plaintiffs (EPA and Ecology) that all of the following conditions 
are being met in order for an extension to be granted: 

1.	 That the continued operation of the landfill shall not result in a release or substantial 
threat of release of hazardous substances, pollutants or contaminants to the 
environment; 

2.	 That the performance standards for the extraction-treatment system have been 

achieved; 


3.	 That since the effective date of the Consent Decree, the Settling Defendant has 
instituted and is operating an aggressive solid waste recycling and hazardous materials 
collection project; and 

4.	 That other feasible solid waste management alternatives to disposal at the landfill do not 
exist. 

2.2 REQUIREMENTS INCLUDED IN SECOND FIVE-YEAR EXTENSION APPROVAL 

The second five-year extension granted by EPA and Ecology on February 25, 2005, was 
granted subject to the following terms and conditions.  The approval letter required the City to 
document in its next five-year approval application how it fulfilled these terms and conditions. 

1.	 The City has permission to use the Central Area for waste disposal in emergencies only.  
For purposes of this condition, “emergency” shall be defined as an atypical situation that 
is not caused by any act or omission on the part of the City or its agents, but rather is 
caused by unforeseen circumstances that prohibit, in the short-term, disposal off-site. 
Examples of an “emergency” in this context are a natural disaster, a system failure, or a 
labor dispute.  In the event that the City encounters an “emergency”, as defined herein, 
the City shall give EPA and Ecology notice that it has disposed waste in the Central 
Area. Such notice shall (1) describe the emergency necessitating such disposal and the 
approximate amount of waste disposed of in the Central Area, and (2) be sent to EPA 
and Ecology no later than seven days after the event occurs.  In the event that the City 
seeks to dispose waste in the Central Area for a “non-emergency” purpose (e.g., 
construction project at the site that would have the result of temporarily preventing off-
site transport of waste), the City shall apply to EPA and Ecology for permission prior to 
such disposal. It shall be solely within EPA and Ecology’s discretion to grant or deny 
such permission. 
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2.	 No later than May 1, 2005, the City shall submit, for EPA and Ecology approval, an 
estimate of anticipated leachate that should be generated and collected by the Central 
Area’s leachate collection system.  The City shall monitor daily volumes (reported in 
gallons) collected from the Central Area’s leachate collection system, leak detection 
system, and toe-drain collection system. The flow meters shall be installed and 
functional no later than October 1, 2005.  By the 15th of each month thereafter, the City 
shall submit monthly reports to EPA, Ecology and TPCHD describing the previous 
month’s monitoring.  In the event that the leachate flows from the Central Area differ 
significantly from what the agencies have determined is reasonable, the agencies may 
impose further requirements in order to reduce leachate generation at the Central Area.  
In the event that reliable leachate collection flow monitoring data cannot be obtained, the 
agencies may impose further conditions to mitigate leachate generation in the Central 
Area, including the use of temporary tarps, installation of an incremental permanent 
cover system, and/or final closure of the Central Area. 

3.	 The City shall install and maintain temporary plastic tarps over all areas within the 
Central Area that achieve final filling elevation. 

4.	 The City shall comply with the terms and conditions of the Solid Waste Permit issued by 
the TPCHD. 
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3.0 FULFILLMENT OF CONSENT DECREE REQUIREMENTS  


This section describes how the Tacoma Landfill and Solid Waste Management have fulfilled the 
requirements listed in Section 2.1.  

3.1 FIRST REQUIREMENT – PROTECTION OF THE ENVIRONMENT 

Requirement:  “That the continued operation of the landfill shall not result in a release or 
substantial threat of release of hazardous substances, pollutants or 
contaminants to the environment.” 

Section 3.1.1 describes the requirements in the Consent Decree for protection of human health 
and the environment; Section 3.1.2 provides an overview of the landfill remediation systems that 
have been installed at the Tacoma Landfill; and Section 3.1.3 describes the environmental 
systems that are specific to the Central Area. 

3.1.1 Consent Decree Requirements 

The ROD outlined that the following remedial actions be implemented to protect human health 
and the environment: 

	 Reduce the production of leachate by placing restraints on further site operations and by 
capping the landfill; 

	 Eliminate off-site gas migration through a gas extraction system; 

	 Prevent further migration of the contaminated plume via the groundwater extraction-
treatment system; 

	 Further protect human health and the environment via monitoring of groundwater, 
surface water, gas probes, and air emissions; 

	 Provide an alternate water supply (Tacoma municipal water) to any residences deprived 
of their domestic water supply due to demonstrated contamination from the landfill or 
due to the action of the extraction-treatment system; 

	 Establish a closure plan for the landfill consistent with Washington State Minimum 
Functional Standards for Landfill Closure (WAC 173-304); and  

	 Establish institutional controls to assure that the remedial action will continue to protect 
human health and the environment. 

3.1.2 Overview of Tacoma Landfill Remediation Systems 

The landfill cap, landfill gas extraction system and flare station, and groundwater extraction-
treatment system were all installed at the landfill to fulfill the Consent Decree requirements.  The 
systems, which are described in more detail below, were approved by EPA and Ecology.   

Extensive monitoring programs, which were approved by the responsible regulatory agencies, 
are operated to ensure these systems are functioning properly.  Monitoring programs currently 
in place at the landfill include monitoring of the gas probes, groundwater wells, flare emissions, 
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and the leachate and condensate collection program.  Reports are sent periodically to the 
agencies for review as required by the monitoring programs.  These reports all indicate that the 
systems are functioning as designed and are fulfilling the first Consent Decree requirement. 

3.1.2.a Tacoma Landfill Cap 

The Tacoma Landfill cap system consists of the Public Receiving Facility Asphalt 
Cap, the Stage One Geomembrane Cap, and the Stage Two Geomembrane Cap.  
The Stage Three Geomembrane Cap will cover the Central Area.  The Stage Three 
Cap is discussed in Section 3.1.3.c. 

3.1.2.b Tacoma Landfill Gas Management 

The Tacoma Landfill gas management system consists of approximately 330 landfill 
gas extraction wells, 140 monitoring probe stations, and two gas flares.  The 
following actions were undertaken in the last five years to help maintain the system 
and ensure protection of human health and the environment: 

	 Central Area – Six new gas extraction wells were added in the Central Area 
due to declining production in some of the existing Central Area wells.  
Declining production likely occurred due to broken well pipes caused by 
refuse settlement. 

	 Near Home Depot along Northern Landfill Property Line – Four new gas 
probes and one gas extraction well were installed in 2006 to ensure that 
landfill gas was not migrating from the landfill and entering the adjacent 
Home Depot property.  Data gathered from these wells and probes supports 
the conclusion that gas is being captured on the landfill property and that it is 
not migrating from the landfill to the Home Depot property.  EPA and Ecology 
concur with this conclusion.  Please refer to the technical memorandum 
prepared by CH2M Hill in Appendix A. 

	 Flare Emissions – Flare emissions testing was completed in 2007 and 
results met air quality standards.  Please refer to the technical memorandum 
prepared by Parametrix in Appendix B. 

	 Flares – The City is currently in the design phase for a new flare due to 
declining production of landfill gas.  The new flare station is expected to be 
constructed in 2009. 

3.1.2.c Tacoma Landfill Groundwater Extraction-Treatment System 

The Tacoma Landfill groundwater extraction-treatment system consists of 22 point of 
compliance extraction wells, 13 edge of plume extraction wells, 10 performance 
monitoring wells, 25 monitoring wells, and a groundwater air-stripping treatment 
system. This system will be discussed further in Section 3.2. 

3.1.3 Central Area Environmental Systems 

The Central Area, the only operational landfill cell, is lined and has successfully demonstrated 
compliance with WAC 173-351 and the Resource Conservation and Recovery Act (RCRA) 
Subtitle “D” permit requirements. This section will describe the safeguards and environmental 
systems specific to the Central Area that guard against a contaminant release to the 
environment. 
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3.1.3.a Central Area Liner 

The purpose of the Central Area liner system is to prevent leachate from coming into 
contact with groundwater since it could further contaminate the groundwater beneath 
the landfill. 

Construction 

The Central Area liner was constructed in two phases.  Phase 1 construction 
consisted of a geomembrane double liner and a leak detection system at the bottom 
of the Central Area and a single 40-mil geomembrane liner on the side walls.  This 
first phase was approximately 18 acres in area and became operational in 1987.  
Phase 2 construction expanded the Phase 1 liner system to cover approximately 31 
acres. The Phase 2 liner consisted of a single 60-mil geomembrane liner on the side 
walls of the Central Area. 

Both liner phases were constructed to meet the Washington State Minimum 
Functional Standards for Solid Waste Handling (WAC 173-304).  Additionally, the 
Central Area has successfully demonstrated compliance with WAC 173-351 
requirements for existing landfills. 

Liner Performance 

Liner leakage calculations were performed on the liner system to demonstrate 
Central Area liner integrity (Appendix C).  Results show that the estimated liner 
leakage rate is 59 gallons/acre/day and that the average size of a hole per acre in 
the Central Area is 0.014 cm2. The estimated leakage rate is more than five times 
better than the classification of a Great Liner by EPA Standards (EPA, 1991).   

Liner Classifications (Source: EPA, 1991) 

Great Good Poor 


#Hole/Acre @ size in cm2 1 @ 0.1 1 @ 1.0 30 @ 0.1 
Rate of Flow gal/acre/day 330 3,300 10,000 

This calculation was also submitted with the first five-year extension request, 
Tacoma Landfill Beyond 2000 Request (1998), and the results were almost identical 
(leakage rate = 48 gallons/acre/day and area of hole = 0.014 cm2). This suggests 
that the integrity of the Central Area liner is holding up over time. 

3.1.3.b Central Area Leachate Collection System 

Leachate Monitoring 

Leachate generation from the Central Area has been monitored using flow meters 
between 1996 and 1997, visually from 1998 to 2005, and then again using flow 
meters from 2005 to present.  This section will describe the results of leachate 
monitoring conducted since 2005. 

The meters were out of service between September 2006 and May 2007, due to a 
road construction project and repairs to meters.  Central Area leachate meters will be 
regularly serviced beginning in 2009 as described in Appendix D.   
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	 Leachate Extraction – Leachate is extracted from selected Central Area gas 
extraction wells for odor control.  In addition, surface gas is monitored to 
ensure odor control.  Leachate extraction and surface gas monitoring are 
managed as described in Appendix E. 

	 Leachate Collection – Figures 3-1, 3-2, and 3-3 show the leachate collection 
pipe flows versus rainfall for 2006, 2007, and 2008 respectively.  As can be 
seen from the figures, the data shows a correlation between increased 
leachate flow with rainfall events.  Initial data from the meters (January and 
February 2006) showed negative flows due to surcharging of the manholes.  
The data loggers were reprogrammed to not record these negative flows.  
Figure 3-3 shows leachate collection flows increasing over time during March 
and April 2008.  Visual inspections of the meter suggested that the meter was 
clogged, so the meter was replaced on May 18, 2008.   

Between May 1, 2007 and April 30, 2008 (1 year elapsed period), the total 
flow was 11,994,360 gallons with an average flow of 22.8 gpm2. 

	 Leachate Detection and Surface Runoff – Leachate detection and surface 
runoff meters are not logged with a data logger.  Instead, field crews record 
the running flow total off of the meter during inspection events; these running 
flow totals are then subtracted from the previous month’s data to determine 
the monthly flow total.  If no flow is running through the meter during the 
inspection event, the meter displays “echo loss” which means that no flow 
data could be recorded. 

Monthly total flows for the leachate detection pipe are shown in Table 3-1.  
Between May 1, 2007 and April 30, 2008 (1 year elapsed period), the total 
flow from the leachate detection pipe and the surface runoff pipe was 
approximately 554,000 gallons and 8,255,000 gallons respectively.   

	 Toe Drain – Following discussions with the regulatory agencies, flows from 
the toe drain were not monitored with a meter since it was determined not to 
be feasible to install a third meter in the leachate collection manhole. 

Leachate Generation – Modeling 

In 2005, CH2M Hill developed a Hydrologic Evaluation of Landfill Performance 
(HELP) model of the Central Area to estimate anticipated leachate generation.  The 
memorandum describing the results is presented in Appendix F. 

The HELP model estimates the amount of runoff that may occur from the liner 
system based on simulated conditions. The HELP model was designed by EPA to 
evaluate design alternatives and was not designed to estimate leachate generation 
from an existing landfill. Therefore, model output should not be expected to 
accurately predict leachate generation from the landfill. 

2 As shown on Figure 3-3, there were two periods during 2008 where the data logger was not functioning 
or where data was not collected.  Therefore, the May 1, 2007 to April 30, 2008 period was used as the 
most representative 1 year period. 
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Model results show that the peak monthly leachate generation rates should be 
3,784,000 gallons/month with a peak average leachate generation rate of 2,517,000 
gallons/month. The yearly average leachate generation rate predicted by the model 
is 14,624,000 gallons.  Table 3-2 provides additional information about predicted 
monthly peak and average leachate generation rates.  Flows measured from the 
leachate collection and leachate detection pipes over a one year period (May 1, 2007 
and April 30, 2008) totaled approximately 12,525,360 gallons, which compares 
reasonably well with the HELP model prediction of 14,624,000 gallons. 

Water Balance 

The water balance for the Central Area between May 1, 2007 and April 30, 2008, 
was provided in a memorandum to the agencies on December 15, 2008 (Appendix 
G). This water balance calculation generally shows that no significant water loss in 
the Central Area is occurring.  

3.1.3.c Central Area Partial Final Closure 

To help reduce the volume of water that passes through the Central Area, the City is 
proposing to close a minimum of 8 acres of the Central Area by December 31, 2012. 
This final closure will be in accordance with the Consent Decree requirements for 
Stage 3 closure or an approved alternate design. 

The actual acreage (8 acres minimum) for partial closure will be determined during 
the design phase.  The City may decide that it is appropriate based on a cost benefit 
analysis to add additional garbage to the Central Area in order to increase the 
closure acreage.    

3.1.4 Satisfaction of First Requirement 

The City of Tacoma Solid Waste Management operates and monitors the landfill remediation 
systems and the Central Area environmental protection systems.  These systems continue to be 
reviewed by the regulatory agencies responsible for extension request approval.  Analytical data 
from the Central Area environmental protection systems indicate the landfill, including the 
Central Area, poses no substantial threat of release and shows that no new release has 
occurred. These systems are maintained, monitored, and working to protect human health and 
the environment. 

3.2	 SECOND REQUIREMENT – EXTRACTION-TREATMENT SYSTEM 

PERFORMANCE 

Requirement:  “That the performance standards for the extraction-treatment system have been 
achieved.” 

This section describes the Consent Decree requirements for the extraction-treatment system, 
the performance of the groundwater-extraction treatment system, and the status of the 
groundwater plume remediation. 

3.2.1 Consent Decree Requirements 

The performance standards for the extraction-treatment system identified in the Consent Decree 
Scope of Work Section 3.3 include the following: 
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	 “The goal of the groundwater extraction system is to prevent any further degradation of 
existing water quality beyond the existing boundaries of the plume.” 

	 “The extraction system shall continue to operate until the water quality at and beyond the 
point of compliance (defined by WAC 173-304-100(58)), consistently meets drinking 
water standards, or previously established and approved health-based criteria, as listed 
in Table 3 (Consent Decree Scope of Work).” 

The groundwater performance standards for the Tacoma Landfill based on the Consent Decree 
Scope of Work Table 3 requirements are listed in Table 3-3. 

3.2.2 Groundwater Extraction and Treatment System (GETS) 

In March 1992, the City constructed the groundwater extraction and treatment system (GETS).  
The system consisted of 19 point of compliance (POC) wells, 9 edge of plume (EOP) wells, and 
associated pipelines to transport the groundwater from the extraction wells to the treatment 
facility. In addition, performance wells were installed to monitor the extraction system’s 
effectiveness in capturing the groundwater plume.  POC and EOP extraction well testing was 
completed by Spring 1993 and the City formally certified the GETS completion in January 1994.  
The GETS was formally approved by EPA in March 1995.  Figure 3-4 shows the well 
installations at and surrounding the landfill. 

3.2.2.a POC Enhancements since 1995 

Groundwater analytical data collected at monitoring well TL-1 indicated third quarter 
vinyl chloride increases from 1991 to 1996.  For this reason, three additional POC 
extraction wells (W-20, W-21, and W-22) were installed along the northern edge of 
the POC system to enhance POC capture. The wells became operational in 
February 1997. Vinyl chloride has not been detected in TL-1 groundwater samples 
since these wells became operational. 

3.2.2.b EOP Enhancements since 1995 

Initial groundwater monitoring data indicated that additional extraction wells along the 
edge of plume may be appropriate.  The City conducted a study, which included 
pumping tests and bromide tracer tests, to better understand capture along the edge 
of plume. These tests and the groundwater analytical data at PW-1, PW-2, and PW­
3/4 indicated additional extraction wells would help facilitate off-site cleanup.  For this 
reason, four new groundwater extraction wells (W-40, W-41, W-42, and W-43) were 
installed during the summer of 1996.  Analytical data following well installation 
indicated enhanced capture along the edge of plume. 

3.2.2.c GETS Effluent Discharge 

During 1998, extracted groundwater combined effluent contaminant concentrations 
(EOP and POC effluent combined together) decreased to below the performance 
standards identified in the Consent Decree for discharge to the sanitary sewer.  This 
indicated that the landfill cap installed during 1991 and 1992 had prevented 
additional leachate generation.  The City requested and received approval to 
shutdown the groundwater treatment system (air-stripper) during 1998.  The 
treatment system remains on standby in the event that groundwater contaminant 
concentrations again exceed performance standards. 
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In 2002, the extracted groundwater combined iron and manganese concentrations 
met discharge requirements identified in the Consent Decree for discharge to surface 
water. EPA and Ecology approved the City’s request to discharge the effluent to 
nearby Leach Creek. By 2003, all extracted groundwater combined effluent flows 
were discharged to Leach Creek via the City’s storm sewer. 

3.2.2.d Well Rehabilitation 

In 2001, the extraction well rehabilitation method was changed to a carbon dioxide 
freezing method. This change resulted in significant production improvements in 
most of the rehabilitated wells.  The City currently rehabilitates wells three to four 
times per year in groups of five to six wells.   

3.2.3 Groundwater Plume Status 

Groundwater monitoring data collected during the past five years indicate that the GETS and 
cap system are continuing to effectively restore groundwater quality to meet the cleanup 
requirements identified in the Consent Decree. Remaining exceedances of the groundwater 
performance criteria are consistent with the design expectations for the GETS system. 

Since only a few remaining wells have contaminants that are detected above groundwater 
performance standards, the City requested in 2007 to shut down all of the extraction wells with 
the exception of W-1 and W-15. This request is currently being evaluated by EPA and Ecology.   

This section describes in more detail the groundwater plumes, groundwater analytical data, 
decrease in contaminants along the plume, and plume capture zone evaluation.   

3.2.3.a Groundwater Plume Description 

As discussed in the Tacoma Landfill Beyond 2000 Request (1998) and the Tacoma 
Landfill Second Five-Year Closure Extension Request (2004), groundwater 
contamination was determined to exist in two locations:  north area vinyl chloride 
plume, and south area 1,2-dichloroethane plume.  The north area and south area are 
demarcated by a yellow line on Figure 3-5.   

Contamination has not been detected since 20043 in monitoring wells TL-25A, TL­
25B, P-05, P-06, and P-07, with the exception of one detection each in TL-25B and 
P-07 for chloroethane and one detection each in TL-25A, TL-25B, and P-06 for 
methlyene chloride4. Contamination was not detected in extraction wells W-34 and 
W-35 when these wells were last sampled in 1996.  The analytical results from these 
wells document the area of uncontaminated groundwater between the north and 
south plumes. 

3 Arsenic has been detected in monitoring wells TL-25A, TL-25B, P-05, P-06, and P-07 and extraction 
wells W-34 and W-35, but the concentrations have all been less than or equal to 10 µg/L with the 
exception of one detection of 11.8 ug/L in November 2008 in well TL-25B.  The concentrations in these 
wells are believed to be within the natural background levels for the region.  The Early Warning Value for 
arsenic is 10 µg/L. 

4 Methylene chloride is a common lab contaminant.  It is likely that these single detections are due to lab 
contamination. 
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Northern Plume 

The northern groundwater plume area has two distinct sub-areas: 

	 North Sub-Area – Extraction wells W-20 and W-21, and monitoring wells 
TL-4 and TL-5a; and 

	 South Sub-Area – Extraction wells W-15, W-36, W-37, W-38, and W-43, 
and monitoring wells TL-7a and P-08. 

Please note that TL-17R is an off-site upgradient monitoring well contaminated by 
the plume generated from the former New Frontier Lanes bowling alley. 

Southern Plume 

The southern plume is defined by: 

	 Extraction Wells – W-01, W-05, W-30, W-31, W-32, W-33, W-40, and W-41; 
and 

	 Monitoring Wells – P-02, P-3/4, TL-9B, TL-11A, TL-19C, TL-20C, TL-26A, 
and TL-27B. 

Please note that monitoring well 89.5 is not in the landfill groundwater plume.  This 
well was contaminated by a source in the Nalley Valley. 

3.2.3.b Contaminant Analytical Data Summary 

Table 3-4 shows analytes that exceeded either the Groundwater Performance 
Standards (GPS) or the Early Warning Values (EWV) in the past five-year period 
(January 1, 2004 to December 31, 2008). The number of times the analyte 
exceeded either the GPS or EWV is also shown on the table.  It should be noted that 
several POC wells were added to the sampling program during the past several 
years in order to support the City’s request to shut down the majority of the 
groundwater extraction wells. This is why several wells included on Table 3-4 have 
not been discussed during previous five-year extension requests.  

The following exceedances of the groundwater performance standards were 
observed in the past five years (January 1, 2004 to December 31, 2008): 

	 1,2-Dichlorethane – GPS exceedances were observed in wells P-3/4 and 
TL-26A. P-3/4 had only one exceedance of the GPS and this occurred in 2nd 

quarter 2005. 1,2-dichloroethene continues to exceed the GPS in TL-26A. 

	 Methylene Chloride – GPS exceedances were observed in wells TL-01B, 
TL-21A, TL-25A, TL-25B, and W-10. TL-01B exceeded the GPS twice in late 
2007 to early 2008; these exceedances were likely due to contamination that 
occurred during well re-installation related to road construction in late-
summer 2007.  All other wells had only one exceedance of the GPS and 
these exceedances all occurred during 3rd quarter 2005.  This indicates 
potential lab contamination. 
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	 Tetrachloroethene – GPS exceedances continue to be observed in well TL­
11A. 

	 Trichloroethene – GPS exceedances were observed in wells TL-11A, TL-12, 
and W-01. Wells TL-12 and W-01 each had one exceedance, and neither 
well has exceeded the GPS since 3rd quarter 2004. Trichloroethene 
continues to exceed the GPS in TL-11A. 

	 Vinyl Chloride – GPS exceedances were observed in wells P-08, TL-04, TL­
05A, TL-05C, TL-07A, W-15, W-16, and W-36. Wells P-08, TL-04, TL-05A, 
TL-05C, and W-16 had just one exceedance of the GPS.  Wells TL-07A, W­
15, and W-36 continue to exceed the GPS. 

	 Arsenic – GPS exceedances were observed in wells EW-09, TL-04, TL-19A, 
W-02, W-03, W-05, W-07, W-16, W-17, W-18, W-19, W-20, W-21, and W-22. 
All wells had only one exceedance of the GPS with the exception of W-02, W­
03, W-05, W-07, and W-19 which exceeded the GPS up to four times during 
the five year period. 

3.2.3.c Groundwater Plume Contaminant Decrease – 1999 to 2009 

This section describes how the concentration of analytes in the groundwater plume 
has changed over time. 

All Analytes, Except Vinyl Chloride and 1,2-Dichloroethane 

Data from early 1999 to early 2009 were graphed (Figures 3-6 to 3-9) to observe the 
trends in analyte concentrations over time.  Graphs were created for all analytes that 
had more than two exceedances of the average value of the GPS and the EWV5 in 
any one well. Graphs were not created for 1,1,1-trichloroethane, total 1,2­
dichloroethane, benzene, chloroethane, ethylbenzene, methylene chloride, toluene, 
or total xylenes because none of these analytes met the graphing criteria described 
above. 

As can be seen in Figures 3-6 to 3-9, contaminant concentrations are generally 
decreasing for the majority of analytes in most of the wells.  Total arsenic 
concentrations, however, appear to be decreasing much less rapidly than other 
analytes or, in some cases, remaining at a particular concentration (Figure 3-9) 
which is likely due, in part, to the natural background level in groundwater in the 
region. 

1,2-Dichloroethane 

Figure 3-10 shows the concentration of 1,2-dichloroethane over time for all wells that 
had more than two exceedances of the average value (3 µg/L) of the GPS (5 µg/L) 
and the EWV (1 µg/L) in any one well.  All of the wells graphed, with the exception of 
TL-04, are in the southern plume area.  As can be seen from Figure 3-10, the 
concentration of 1,2-dichloroethane is generally decreasing over time. 

5 For example, for 1,1-dichloroethane, the average value of the GPS (20 ug/L) and the EWV (4 ug/L) is 12 
ug/L. Wells that had greater than two exceedances of 12 µg/L from early 1999 to early 2009 were 
included on the graph for 1,1-dichloroethane. 
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Vinyl Chloride 

Vinyl chloride was selected as the best analyte to represent the groundwater data in 
more detail since it is based on the strictest performance criteria and it is known to 
persist over time.  Concentration data versus time6 for the northern and southern 
plumes are graphed on Figures 3-11 and 3-12. 

Concentration data are also presented symbolically using colored dots for selected 
wells, rather than contours, to show the discontinuous residual groundwater plume 
distribution.  Figure 3-13 shows the northern and southern plume distribution.  The 
colored dots represent the average concentration for samples collected during the 4th 

quarter of their respective year.  Several of the wells on the east side of the landfill 
were not sampled between 1999 and 2001, which is why no dot is shown on the 
respective figure. Two wells had slight increases in concentration between 2007 and 
2008; these increases are believed to be part of the natural variation in concentration 
values and are not indicative of a statistically significant increasing trend. 

As can be seen from Figures 3-11 and 3-13, concentrations of vinyl chloride have 
continued to decrease in the north area with concentrations above 0.5 µg/L only 
occurring in eight wells during the 4th quarter of 2008. In the south area (Figures 3­
12 and 3-13), three wells had concentrations of vinyl chloride above 0.5 µg/L in the 
4th quarter of 2008. Figure 3-13 highlights the decreasing concentrations of vinyl 
chloride over time. 

Vinyl chloride concentrations have decreased in the north and south areas by an 
order of magnitude from greater than 20 µg/L in the early 1990s to just over 3 µg/L7 

in fourth quarter 2008.  As shown in the concentration versus time graphs and the 
concentration map of the landfill, vinyl chloride concentrations have generally 
continued to decrease over the past five years.  The groundwater analytical results 
indicate the GETS and cap system are successfully preventing additional 
contamination and are working to shrink the size of the groundwater plume in a 
timely manner. 

3.2.3.d Capture Zone Evaluation 

This section describes the horizontal and vertical capture zone analysis conducted 
as a part of this closure extension request and as part of previous closure extension 
requests. 

Horizontal Capture 

The groundwater plume capture zone was analyzed as part of the Tacoma Landfill 
Third Five-Year Closure Extension Request to verify that capture was being 
maintained. 

6 Since the EWV for vinyl chloride is based on the method detection limit (0.5 µg/L) rather than the 20% of 
the Maximum Contaminant Level (MCL) (0.4 µg/L), the average value (1.2 µg/L) was computed from the 
GPS and the MCL, not the EWV. 

7 Highest concentration detected of vinyl chloride during 4th quarter 2008 was 3.2 µg/L in extraction well 
W-15. 
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The capture zone overlap between wells (W-1 to W-20) is evident from the influence 
of pumping rate changes on the adjacent POC wells.  For example, a pumping rate 
increase in W-1 causes a rapid decrease in the available drawdown in W-2.  This 
leads to on-off well cycling in W-2 since the pumping rate can no longer be sustained 
with the reduced available drawdown. 

In addition to the field observations discussed above, the horizontal capture zone 
and stagnation point and width were obtained using equations based on Javendal 
and Tsang (1986).  These equations required the input of several parameters 
including the pumping rate for each well, aquifer transmissivity, and regional 
hydraulic gradient. The equations used were for a single pumping well.  The 
calculated capture zones do not reflect the influence of other wells.  Quarterly 2008 
POC extraction well production rates and aquifer hydrogeologic parameters were 
used to determine well capture zones. 

Equation input parameters are described below: 

	 Saturated Aquifer Thickness – Since the POC wells do not fully penetrate 
the aquifer, the Weight and Sonderegger (2001) equation for estimating 
saturated aquifer thickness in a partially penetrating well was used to 
estimate the saturated aquifer thickness for each well. 

	 Hydraulic Conductivity – The hydraulic conductivity for each well was 
based on the saturated aquifer sediment (e.g., sand, gravel) thickness in 
each well. The sediment hydraulic conductivity values reported in the 
Remedial Investigation Report (1987) were used. 

	 Aquifer Transmissivity – Transmissivity was calculated using the saturated 
aquifer thickness and the hydraulic conductivity.   

	 Extraction Well Pumping Rates – Extraction well pumping rates, recorded 
daily by the City, were used in this analysis. 

	 Hydraulic Gradient – An average 0.002 hydraulic gradient was determined 
using observations from multiple years. 

The equations, pumping rates, and hydrogeologic parameters were entered into 
Microsoft Excel to calculate five coordinates for each well.  These points represent 
the downstream distance to a stagnation point at the center point of the capture 
zone, the distance between dividing streamlines at the well line, and the distance 
between dividing streamlines far upstream from the wells.  A capture zone curve for 
each well for each quarter of 2008 was generated and plotted on Figures 3-14A 
through 3-14D. The capture zone curve axes are perpendicular to the equipotential 
lines so the capture zone curves were overlain onto the fourth quarter 2008 
groundwater flow contour map.  

Groundwater was also analyzed for solid waste parameters to determine whether 
groundwater is impacted by leachate.  Conductivity is a solid waste parameter which 
is analyzed quarterly in point of compliance, monitoring, and edge of plume wells.  
Long-term groundwater conductivity values were graphed for the northern and 
southern plume areas downgradient from the Central Area and southern landfill area. 
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The northern (Figure 3-15) and southern (Figure 3-16) areas show trends towards 
background conductivity values for extraction and monitoring wells.  This indicates 
on-going effective source control and plume capture. 

In addition to the capture zone analysis described above, an offsite evaluation 
conducted in 2005 to demonstrate plume capture and determine degree and extent 
of the residual offsite groundwater plume helps support the argument that capture is 
being maintained. The study was conducted using a Waterloo Profiler™ to profile 
vertical and horizontal groundwater volatile organic compounds and physical-
chemical properties distribution.  The investigation was documented in the End of 
Plume Residual Plume Characterization Report Tacoma Landfill – North Area & 
South Area (Landau Associates, 2006) (Appendix H).   

Northern Plume Capture 

Vertical profile boreholes were advanced along an east-west transect from near the 
western landfill boundary downgradient from the Central Area to Leach Creek 
(Figure 3-17). The only point of compliance extraction well in the vicinity of the 
Central Area that had groundwater performance standard exceedances was 
extraction well W-15 which had slight vinyl chloride exceedances.  A residual plume 
area was defined in the vicinity of Leach Creek (Figure 3-17).   

The volatile organic compound (VOC) (Figure 3-17) and groundwater physical-
chemical properties data also indicated plume capture.  The significantly lower 
specific conductance values in the groundwater between the landfill boundary and 
the residual plume area near Leach Creek (Figure 3-18) indicate plume capture has 
resulted in specific conductance values returning to background levels over time.   

Southern Plume Capture 

Vertical profile boreholes were advanced along an east-west transect starting near 
the western landfill boundary then extending to a short distance downgradient from 
monitoring well TL-26A (Figure 3-18). There were no groundwater performance 
standard exceedances in the POC extraction wells (Figure 3-19) upgradient from TL­
26A. 

A residual plume area was defined in the vicinity of monitoring well TL-26A. Based 
on the vertical profile VOC and physical-chemical parameters residual contamination 
that exceeded groundwater the performance standard for 1,2-dichlorothane were 
limited to a zone at about 120 to 130 feet below ground surface (bgs) in the vicinity of 
TL-26A. 

Elevated groundwater specific conductance values were not as significantly different 
in the residual plume area (Figures 3-20 to 3-23), with the exception of SA01 (Figure 
3-20) which has significantly higher specific conductance values that correlate with 
the 120 to 130 bgs zone that contains the groundwater performance standard 
exceedances. 

The groundwater analytical results indicated the extraction wells are maintaining 
plume capture at the point of compliance (Quarterly Reports, 2007). The residual 
plume in the vicinity of TL-26A may have resulted from sediment heterogeneity, such 

Tacoma Landfill 
Third Five-Year Closure Extension Request 

16 



  
 

 

 

   

 

 

                                                 

   

 

	 

	 

	 

as, greater percent fines (silt and clay) and higher organic content that resulted in 
greater contaminant adsorption and slower desorption over time.  The 1,2­
dichloroethane concentration continues to decrease over time.   

Vertical Capture 

This section describes the analysis conducted to verify that vertical capture of the 
groundwater plume is being maintained.  The A completions of the monitoring wells 
are in the hydraulically connected Colvos Sand.  The B and C completion monitoring 
wells (e.g., TL-09B) were installed in the upper and lower Older Gravel (QOG) 
respectively. By monitoring the B and C completions, it can be shown that vertical 
plume capture has been maintained. 

Figures 3-24 through 3-39 show the B and C completion monitoring well contaminant 
concentrations over time since early 1999.  Graphs were only created for monitoring 
wells that had more than two occurrences of the concentration value being greater 
than the method detection limit (0.5 µg/L for all analytes).  These graphs help 
demonstrate whether or not effective vertical capture has been maintained.  
Observations are discussed in more detail below. 

B Completion Monitoring Wells 

Groundwater performance criteria were not exceeded for any compound in the B 
completion monitoring wells during the past five-year monitoring period (January 1, 
2004 to December 31, 2008) with the exception of two methylene chloride 
exceedances in well TL-01B (Figure 3-28) and one exceedance in TL-25B in 2005.  
The exceedances that occurred in late 2007 and early 2008 in TL-01B are likely due 
to contamination that occurred during well re-installation in late-summer 2007; 
concentrations are expected to decrease over time. 

The following exceedances of the EWV were observed in the past five years 
(January 31, 2003 to December 31, 2007): 

	 1,1-Dichloroethane – Well TL-09B exceeded the EWV during 2nd quarter 
2005. The concentration continues to decrease over time in this well (Figure 
3-24).8 

	 1,2-Dichloroethane – Wells TL-09B and TL-26B had several exceedances of 
the EWV over the past five years. Concentrations in both wells appear to be 
decreasing over time (Figure 3-25). 

	 Methylene Chloride – Well TL-01B has had three exceedances of the EWV 
over the past five years (Figure 3-28). The exceedances are likely due to 
contamination that occurred during well re-installation in late-summer 2007.  

Well TL-17BR had one exceedance of the EWV in 2004.  This well, however, is an off-site upgradient 
monitoring well contaminated by the plume generated from the former New Frontier Lanes bowling alley. 
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TL-25B had one exceedance of the EWV in 2005; this appears to be an 
outlier likely caused by lab contamination. 

	 Trichloroethene – Well TL-11B continues to exceed the EWV over the past 
five years. Current and long-term trends indicate continued concentration 
decrease (Figure 3-29). 

	 Vinyl Chloride – Wells TL-01B, TL-09B, TL-26B, and TL27B had 
exceedances of the EWV during the past five years. None of these wells 
have exceeded since 4th quarter 2006 with the exception of TL-01B (Figure 3­
30). TL-01B had three exceedances of the EWV in 2008 which is likely due 
to well resintallation that occurred in 2007. 

	 Arsenic, total – Wells TL-11B and TL-25B had exceedances of the EWV 
during the past five years.  Well TL-25B had only one exceedance and the 
concentration in TL-11B continues to slowly decrease over time (Figure 3­
31). 

C Completion Monitoring Wells 

Groundwater performance criteria were not exceeded for any compound in the C 
completion monitoring wells during the past five-year monitoring period with the 
exception of one exceedance in TL-05C for vinyl chloride in 2004. 

The following exceedances of the EWV were observed in the past five years 
(January 31, 2004 to December 31, 2008): 

	 1,1-Dichloroethane – Wells TL-19C and TL-20C had exceedances of the 
EWV during the past five years.  The concentration in both wells continues to 
decrease over time (Figure 3-33). 

	 1,2-Dichloroethane – Well TL-20C exceeded the EWV during the past five 
years. Concentrations during the past five years are generally decreasing 
over time (Figure 3-34). 

	 Benzene – Well TL-01C and TL-02C both had one exceedance of the EWV 
for samples collected on the same day in 2005.  Benzene was not detected in 
either well during all subsequent sampling events. 

	 Methylene Chloride – Well TL-20C had one exceedance of the EWV over 
the past five years (Figure 3-37). Note: Sample was collected in duplicate, 
which is why two points are shown on the Figure.  Since the concentration 
quickly returned to less than the detection limit (0.5 µg/L), this exceedance is 
not a cause for concern. 

	 Vinyl Chloride – Wells TL-05C and TL-20C exceeded the EWV over the past 
five years. Concentrations continue to decrease over time for all three wells 
(Figure 3-38). 

	 Arsenic, total – Wells TL-05C and TL-10C exceeded the EWV over the past 
five years (Figure 3-39). 
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3.2.4 Satisfaction of Second Requirement 

The groundwater analytical data generally indicate that contaminant concentrations are 
decreasing over time.  For vinyl chloride, an order of magnitude decrease in concentrations has 
occurred since the first five-year closure extension request.  Due to the low contaminant 
concentrations in the majority of the wells, the City submitted a request to shutdown the majority 
of wells since the performance standards for cleanup identified in the Consent Decree have 
been achieved. 

The low contaminant concentrations detected in downgradient wells indicate leakage past the 
groundwater extraction-treatment system is minimal and is within the design parameters for the 
GETS. These leakages have not significantly slowed plume shrinkage.  The results indicate 
that the Consent Decree requirements described in Section 3.2.1 are being fulfilled.   

3.3	 THIRD REQUIREMENT – RECYCLING AND HAZARDOUS MATERIALS 

COLLECTION PROGRAM 

Requirement:  “That since the effective date of the Consent Decree, the Settling Defendant has 
instituted and is operating an aggressive solid waste recycling and hazardous 
materials collection project.” 

This section will discuss the programs that the City implemented to ensure compliance with the 
third Consent Decree requirement.  This section will also provide a brief narrative on the 
rationale the City has used to reach the conclusion that the third Consent Decree requirement 
has been satisfied. 

Since the third Consent Decree requirement does not provide numerical goals that have to be 
met or specific programmatic requirements, determination of compliance with this goal is 
subjective. The language of the requirements suggests that a focus on collection programs and 
the implementation and operation of the programs and not the attainment of numerical goals is 
more important.     

3.3.1 Tacoma Waste Diversion Programs and Facilities 

Since 1988, the City has been implementing innovative and aggressive programs to collect and 
process recyclable material to divert these materials from the landfill.  Table 3-5 summarizes the 
City’s recycling programs, including the year of implementation and the materials being 
collected or banned from disposal.  Further descriptions of the services and facilities provided at 
the Tacoma Landfill are included below.  

3.3.1.a Collection Programs 

Residential Curbside Recycling 

The City collects recyclable materials from its residential customers at the curb.  
Participation in the curbside recycling program is voluntary.  Tacoma’s residential 
curbside recycling program collects recyclable materials from households ranging 
from single family to fourplexes, and is based on a commingled collection system for 
all materials with the exception of glass and household batteries which are placed in 
a separate container. In 2007, over 48,000 customers were signed on to the City’s 
curbside program, which equals about 92% of Tacoma’s 52,000 single-family 
customers. Residents recycled 18,330 tons of material in 2007 through the curbside 
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collection program, which is nearly five times the amount recycled in the first 
extension request prepared in 1995. 

For each participating customer, the City provides every other week pickup of plastic 
containers and film, polycoated paperboard, mixed papers, cardboard, aluminum, 
steel (tin) and aerosol cans, glass containers, magazines and catalogs, newspaper, 
phone books and household batteries.  Participants commingle everything but the 
glass and batteries into one large container.  Recyclable materials collected at the 
curb are taken to a private business where they are manually sorted into individual 
components and marketed. 

Multi-Family Curbside Recycling 

Curbside collection of recyclable materials is also provided for multi-family residential 
complexes in Tacoma. Duplexes, triplexes, and fourplexes in the City have received 
residential curbside recycling service since the inception of the program in 1990.  
They were transitioned to the commingled program when it went City-wide in 1997.  

In 2002-2003, the City piloted a commingled recycling program for larger complexes. 
The pilot program showed that commingled recycling would work for larger 
complexes if the management and maintenance staff were willing to follow up with 
tenants who don’t cooperate.  The program will require a large investment in 
equipment and labor to make recycling available to all Tacoma apartment 
residences.  Tonnages collected from multi-family buildings are included in one of 
two areas, commingled recycling or commercial recycling. In recent years, the 
multi-family program has been combined into the commercial recycling program, as 
the containers and trucks service both types of businesses simultaneously.  

Commercial Customer Curbside Recycling 

The City collects recyclable materials from commercial customers at the curb.  Small 
businesses and schools participate in the same commingled program as the 
residential customers.  Businesses that generate large quantities of glass and 
containers, such as restaurants and taverns, are served by a source separated five-
bin system9.  Businesses that generate large amounts of cardboard are served by 
our cardboard recycling program.  This service is provided to customers on a 
voluntary basis.   

In 2006, between 3,000 and 4,000 tons of material were collected in the City’s 
commercial curbside programs.  This is a slight increase over previous years.  These 
results do not include businesses that receive recycling services provided by several 
private recycling companies in the Tacoma area.  In 2009, SWM is implementing a 
major expansion of the commercial recycling program.  The purpose of this 
expansion is to increase the number of customers and tons of diverted materials.  It 
is hoped this will double the number of commercial recycling customers and increase 
the tons by 50%. 

9 The 5-bin system includes three containers to collect glass (clear, brown, green), one container for 
newspaper, and one container for tin cans. 
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Curbside Collection of Yard Waste 

The City provides curbside yard waste service collection for residential customers.  
City yard waste collection trucks collect yard waste from participating customers at 
the curb every other week.  Participation is voluntary.  Pickups are made on the 
same day as curbside recycling collection, which also coincides with normal garbage 
collection.   

In 2007, the City collected 23,780 tons of yard waste through the curbside collection 
program. This is nearly triple the amount recycled in 1995.  The yard waste brought 
in by Tacoma curbside collection vehicles or self-haul customers is consolidated into 
transfer trailers and trucked to an area composting company where it is ground, 
composted with other organic waste, and then marketed as a soil amendment. 

Produce Waste Recycling 

The City began collecting produce waste from commercial customers in 1991.  
Produce waste was selected because the yard waste-composting program was 
already in operation and produce waste was identified as a compostable portion of 
the waste stream that can be diverted from the landfill.  This program is currently 
offered to grocery stores, florists and certain restaurants that agree to separate plant 
waste from animal/seafood waste.  Collection of produce waste is made twice per 
week in the cold months and three times per week in the warm months using semi-
automated collection equipment.  In 1995, 398 tons of commercial produce waste 
was recycled as a result of this program, while 486 tons of produce waste were 
recycled in 1996.  In 2007, 400 tons of pre-consumer produce waste was recycled 
from 32 businesses. 

In 2009, the City is planning a pilot program to collect and recycle commercial food 
waste, including both pre and post-consumer food waste.  This pilot will increase the 
amount of available material that can be recycled, and also increase the number of 
customers that can participate in the program.   

Waste Oil Recycling Program 

The City collects and recycles used motor oil at convenient locations throughout the 
city. Waste oil has been collected at the landfill since 1988.  SWM is now promoting 
used oil recycling at collection tanks established at four Schuck’s Auto Supply stores 
and two NAPA Auto Parts stores within the City.  Residents are urged to bring waste 
oil from automobiles, motorcycles, boats and lawn mowers to the tanks, as long as 
the oil is not mixed with other substances.  (Used oil from Tacoma maintenance 
operations is also collected at various City of Tacoma Fleet Maintenance shops, 
Tacoma Belt Line, the Police garage, and Public Utilities maintenance shops.)  The 
oil from this collection program is reprocessed for use as a fuel.    

In 1994, the City recycled over 100,000 gallons of waste oil as a result of this 
program. Since 1994, SWM has collected an average of 88,582 gallons per year 
with a decreasing trend over the years.  In 2007, the waste oil collected decreased to 
75,126 gallons.  The decrease in waste oil collected is likely due to the increased 
number of private collection sites available and a decrease in do-it-yourself oil 
changers. Used motor oil was targeted for collection because of its potential to 
contaminate groundwater and the Puget Sound ecosystem and because of the high 
volume of this waste. 
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3.3.1.b Tacoma Landfill Waste Diversion Facilities 

Recycling Center 

The Recycling Center, located at the Tacoma Landfill, collects aluminum cans, steel 
(tin) cans, aerosol cans, scrap metal, tin foil, glass containers, #1 PET plastic, #2 
HDPE natural and colored, glossy magazines/catalogs, newspaper, cardboard, 
phone books and mixed waste paper. In 2001, at the same time the City expanded 
the curbside recycling program, the City added #3 - #7 plastics, polycoated 
paperboard, and plastic film to the items collected at the Recycling Center.  In 2003, 
the City partnered with the local Goodwill Industries to collect used household goods 
and clothing and used building materials.  The building materials go to a company 
called ReHarvest which trains disadvantaged workers in deconstruction and 
warehouse/retail skills. In 2004, the City added packing peanuts and clothes 
hangers to the list of materials collected at the Center.   

Since one of the more effective waste recycling options at this time is local charities, 
an agreement was formed with the local Goodwill Industries chapter to provide a 
drop off station at the Recycling Center.  This helps increase the awareness of this 
recycling option for users of the Tacoma Landfill.  This agreement with Goodwill 
Industries was the second agreement of this type in the state, and it has been a 
successful partnership for both parties.  For Goodwill Industries, the site offers many 
advantages over most of its other drop off sites, such as a covered working area, 
after-hours security, and restroom facilities at no charge to the organization.  

The Recycling Center is open to the general public and commercial businesses 
seven days a week from 8 AM - 6 PM. In 2006, 2,135 tons of material was diverted 
at the Recycling Center.  In 1995, 1,723 tons of material was collected for recycling.  
Tonnages decreased in 1996 to 1,627 tons, possibly due to the implementation of 
the curbside recycling pilot program.  

Household Hazardous Waste 

The centerpiece of the City’s efforts to reduce hazardous wastes from entering the 
landfill is the permanent Household Hazardous Waste (HHW) Collection Facility.  
This facility collects all types of HHW from City residents and disposes or recycles 
the wastes through properly permitted treatment, storage and disposal facilities.  This 
service is available to all Tacoma and Pierce County residents and is very successful 
at diverting HHW. This ongoing opportunity to properly dispose of HHW was first 
implemented at a temporary facility on Tacoma’s landfill property in 1990, and was 
then moved to the permanent facility located near the Recycling Center.  

In 2002, the City added the collection and recycling of fluorescent light bulbs to the 
collection capability at the HHW Facility.  This service is offered to both residents and 
small generators, making this one of the more comprehensive diversion programs 
around. 

In the latter part of 2003, a new program to collect cell phones was initiated as a 
pilot. Cell phones and their batteries have toxic components such as cadmium, 
nickel, and mercury.  This program helps remove these waste phones from the 
disposal stream and get them to recycling facilities.  
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Tacoma’s HHW diversion programs have been very successful.  In 2006, over 8,300 
City and County customers used the HHW collection services and approximately 100 
tons of HHW was diverted during that time. 

3.3.1.c On-Site Diversion and Source Control Efforts 

Recyclable Materials – On-Site Diversion 

Several recyclable materials are identified at the landfill scale house by landfill 
workers. These materials are separated for recycling at the landfill receiving area.  
Self-haul customers are directed to specific bays to unload the following recyclable 
materials: computer CPUs, scrap metal, white goods (appliances), tires, and yard 
waste. Nurseries and landscaping businesses are the primary customers self-
hauling yard waste to the landfill.  All yard waste self-haul customers are directed to 
dump their loads into transfer trailers bound for local composting companies.  In 
1996, 989 tons of scrap metal and appliances and 4,750 tons of yard waste were 
collected for recycling at the landfill receiving area.  In 2007, scrap metal collection 
was over 1,750 tons, while approximately 6,500 tons of yard waste was diverted at 
the landfill. 

Hazardous Materials – Source Control 

Commercial hazardous waste diversion uses a combination of City source control 
efforts and existing vendors that handle regulated hazardous waste.  The City’s 
source control efforts utilize business assistance visits to audit businesses in the 
Tacoma service area and inspection of solid waste loads delivered to the landfill 
(Load Checking). Approximately 500 Tacoma businesses are visited each year, but 
the goal is to reach 1,000 businesses in 2009.  Assistance visits usually comprise of 
an audit of hazardous waste handling practices, generation rates, storage methods 
and disposal records.  At some businesses, checks of waste containers before 
collection is performed as an additional source control effort. 

Load checks are performed at the landfill on waste that has been transported to the 
landfill. Waste loads are selected both randomly and by segregating specific loads 
from targeted businesses.  Loads are inspected for regulated wastes and free 
liquids. City personnel are also instructed to inspect or observe waste loads at the 
scale house and at the various tipping facilities at the landfill. 

Businesses that dispose of hazardous wastes improperly are directed to the vendors 
that provide hazardous waste services.  Because there is an existing private 
infrastructure for handling small quantity and large quantity generator hazardous 
wastes in Pierce County, the City determined it was not necessary to compete with 
the existing hazardous waste disposal companies. 

In the latter part of 2002, Tacoma implemented a campaign to aid in the diversion of 
hazardous materials from the solid waste stream.  This campaign targeted mercury 
reduction within households and businesses in Tacoma.  This included a 
thermometer exchange at local drug stores and the Tacoma Home and Garden 
Show, a mercury awareness program to educate residents on the hazards 
associated with mercury, a collection program to divert mercury containing waste 
from municipal solid waste (MSW), a thermostat exchange program, a technical 
assistance program to advise local businesses on how to properly handle and 
dispose of mercury, and a dental amalgam diversion program. 
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3.3.2 Tacoma Waste Reduction and Environmental Stewardship Programs 

Tacoma also sponsors or participates in other programs that stress waste reduction, recycling, 
or environmental stewardship.  A brief summary of those programs is provided here. 

	 Grass Cycling and Green Gardening – Since its inception, the City has 
participated in the region-wide grass cycling and green gardening program.  This 
program provides low cost electric mulching mowers at a reduced price, with the City 
providing additional rebates as an incentive to purchase.  The electric mulching 
mowers reduce the amount of solid waste and air pollution generated when 
compared to normal grass cutting with gasoline mowers.  As part of the promotion, 
the City recycles gasoline mowers to remove the mowers from use. 

	 2Good2Toss – The City participated along with Ecology in a regional effort to 
sponsor 2Good2Toss, which is an online exchange that encourages the reuse of 
usable materials. This popular program has helped facilitate the transfer of usable 
materials region-wide. 

	 Green Building Promotion – The City has actively participated in the various green 
building programs.  The City has sponsored a workshop on the topic for local 
government employees and contractors.  The City has also worked with the Master 
Builders Association to foster a program for implementation through that group. 

	 Waste Free Holidays – Waste Free Holidays is a program developed by King 
County Solid Waste. SWM participated in cooperation with King County, the City of 
Seattle and Pierce County.  In the Waste Free Holidays program, participating 
businesses and organizations offer discounts of 15 to 50 percent on music, plays, 
sporting events, museums, restaurant meals, massages and much more.  The idea 
is to give experiences instead of gifts that require packaging or wrapping.  The 
Waste Free Holidays program rewards the public for reducing waste, and supports 
local businesses.   

	 EnviroHouse – The City of Tacoma EnviroHouse is a hands-on showcase of green 
building and landscape ideas, materials and techniques to create a healthy home 
and planet. Featuring the latest advances in green building design and construction, 
the EnviroHouse champions the benefits of sustainable living and building practices 
to homeowners, builders, suppliers, landscapers, real estate agents and the general 
public, highlighting readily available products for new and existing homes and yards.  
Visitors are able to see and touch everything from recycled building materials and 
furniture, non-toxic building materials and ways to conserve water and energy both 
inside and out.  

	 Climate Change – Staff from the City’s Public Works Department and SWM have 
taken leadership roles in the City’s effort to address global warming.  In 2006, the 
Tacoma City Council passed a resolution that requires City staff to evaluate 
emissions and identify measures that the City can take to reduce greenhouse gas 
emissions. Because of past work on the issue, SWM is responsible for performing 
the emissions inventories and evaluating potential response measures.  SWM is also 
staffing a public process to set Carbon Dioxide emissions reduction goals and 
strategies to reduce greenhouse gas emissions in the City. 
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	 Electronics Product Stewardship – The City has been an active participant in the 
electronics product stewardship issues and is now a participant in the Northwest 
Product Stewardship Council steering committee. 

3.3.3 Community Education and Outreach 

3.3.3.a Promotion of Recycling Services 

The City uses many different avenues to promote its programs, with a heavy reliance 
on direct mail advertising.  Some of the specific messages include: 

	 A yearly mailing of a recycling brochure to each single-family household 
in Tacoma. 

	 Quarterly newsletters called “EnviroTalk” with information on recycling 
and household hazardous waste disposal and overall solid waste issues. 

	 Information in utility bill inserts. 

	 Periodic education pieces on the local municipal television station, which 
is aired on local cable access stations. 

	 An education display at the Tacoma Landfill.  

	 Presentations to community groups, business groups, and other 
organizations, as well as presentations to all levels of students, from 
elementary school to college level classes.   

	 Landfill tours for different community and school groups.  

	 Miscellaneous brochures and pamphlets promoting waste reduction and 
recycling are produced and distributed. 

	 Staff is available during regular business hours to answer a phone line 
dedicated to recycling and waste reduction. 

	 The City participates in fairs, shows and other events where staff can 
communicate with significant amounts of people in a target audience. 

3.3.3.b School EnviroChallanger Program 

The EnviroChallenger Program was started in 2000 to teach Tacoma’s children how 
they can help keep the Puget Sound environment healthy.  The EnviroChallenger 
educators go to Tacoma’s public and private schools and teach hands-on 
environmental science lessons to kindergarten through eighth grade students.  
Students learn how their actions can affect the environment, how to identify healthy 
habits, how to recognize the factors that harm the Puget Sound environment, and 
what actions they can take to maintain the health of our local waterways.  This 
project helps prevent future stormwater problems, reduces toxic discharges into 
Puget Sound, increases recycling, and reduces the amount and toxicity of waste 
generated in Tacoma.  The City‘s Public Works Department / Environmental 
Services sponsors the program. 
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The EnviroChallenger Program targets a culturally diverse student population. 
Enrollment in Tacoma Public Schools is 23% African American, 13% Hispanic, 12% 
Asian, 2% Native American, 1% Pacific Islander and 49% white.   

The EnviroChallenger Program is expected to travel to two classrooms per day, 
teaching two lessons to second through eighth grade classes, within six topic areas. 
All of Tacoma’s 36 elementary schools, 11 middle schools, and up to 12 private 
schools, as well as home school organizations, are targeted for EnviroChallenger 
visits. 

A secondary audience is the general community, particularly parents, guardians, and 
grandparents of public and private school elementary children that will join their 
children in environmental learning.  The program expands its reach by attending a 
variety of community events, primarily on weekends.  In 2007, the EnviroChallenger 
educators attended 30 different events contacting approximately 3,500 community 
members. 

Since its inception in 2000, the EnviroChallenger educators have booked or 
delivered programs to more than 50 schools in Tacoma, logging 4,621 in-class 
lessons, which represents 106,283 opportunities to get waste reduction and 
conservation messages to second through eighth grade students and their parents. 

Due to the program’s popularity, the City added a second education van in May 
2003. 

3.3.3.c Commercial Education Programs 

Technical assistance regarding recycling and hazardous waste disposal is available 
to businesses. Upon request, a resource conservation specialist from SWM visits a 
business and helps determine which waste materials currently produced can be 
recycled, which of the recycling methods would be the most cost effective, and ways 
to prevent excess waste being generated.  The expert can also help the business get 
set up for recycling.  In addition, routine audits are performed to reduce the amounts 
of hazardous wastes disposed in the solid waste stream.  During these audits 
performed by SWM staff, recycling information and assistance is also delivered to 
businesses that can benefit from this assistance. 

In 2009, the goal for waste audits is 1,000 visits. 

3.3.4 Waste Diversion and Reduction Program Awards 

The City’s waste diversion and reduction programs have been recognized by many groups as 
innovative and effective. Some of the awards and recognition the City has received for its 
programs are listed below. 

	 2005 Award of Distinction, Tacoma Recycles at Work Program. 

	 2004 Recycler of the Year, Washington State Recycling Association. 

	 2000 Association of Washington Cities Livability Award for recycling operations and 
PR campaign. 
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	 1999 Association of Washington Cities Municipal Achievement Award for the 
“Talking Trash” campaign. 

	 1999 Washington State Department of Ecology Solid Waste Reduction and 
Recycling Award for Best Large Government program. 

	 1995 National Recycling Coalition Outstanding Urban Program, City of Tacoma 
Recycling Program. 

	 1994 James C Howland Award for Urban Enrichment, Honorable Mention, City of 
Tacoma Community Waste Oil Recycling Program (sponsored by National League of 
Cities CH2MHill). 

	 1994 Washington State Department of Ecology Solid Waste Reduction and 
Recycling Award, Best Government Program in Western Washington, City of 
Tacoma Solid Waste Utility. 

	 1994 Weyerhaeuser Company Foundation for Recycling, Tacoma Public 
Schools/Solid Waste Utility Waste Watchers paper recycling program. 

	 1993 Washington Ecological Commission Environmental Excellence Award, Best 
Public Agency, City of Tacoma Solid Waste Utility community waste oil recycling 
program. 

	 1992 National Environmental Achievement Award (sponsored by City and State 
Magazine) Best Mid-sized City Recycling Program in the Nation, City of Tacoma 
Solid Waste Utility. 

In addition, the program’s public relations staff won numerous awards from agencies 
recognizing their quality public relations work. 

3.3.5 Recycling Program – Anticipated Future Improvements 

While the City’s recycling programs have received state and national recognition, the programs 
continue to be evaluated in hopes of further refining the recycling efforts in the City.  The City 
has evaluated potential improvements to the solid waste collection and recycling programs, 
which would increase the amount of recyclables diverted from the waste stream.   

Many of the planned improvements for the City’s recycling programs have been identified in 
previous sections.  A summary of those improvements is provided here.  

Commercial Recycling – In 2009, the City is implementing a major expansion of the 
commercial recycling program.  The purpose of this expansion is to increase the number of 
customers and tons of diverted materials.  It is hoped that the expanded program will double the 
number of commercial recycling customers and increase the tonnage by 50%.   

Commercial Food Waste Recycling – In 2009, the City is planning a pilot program to collect 
and recycle commercial food waste, including both pre and post-consumer food waste.  This 
pilot will increase the amount of available material that can be recycled, and also increase the 
amount of customers that can participate in the program.   
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3.3.6 Satisfaction of the Third Requirement 

The City’s aggressive efforts to implement, operate, and improve the diversion of hazardous 
materials and recyclable materials is well documented.  The City has satisfied the third Consent 
Decree requirement based on the following: 

	 The City’s recycling programs offer one of the widest ranges of materials that can be 
recycled. 

	 The City offers its citizens excellent access to its recycling services, both at the curb 
and at drop-off stations. 

	 The City’s recycling programs have been recognized on both a national and state 
level, as proven by the numerous awards the programs have received.  The 
Hazardous Waste Program was featured in a national publication that focuses on 
effective and innovative collection programs. 

	 The Hazardous Waste diversion program achieves a very high participation rate for 
HHW collection, and the historical efforts of the City in HHW and commercial 
hazardous wastes is providing dividends in reduced hazardous wastes found in 
waste loads at the landfill.  The comprehensive nature of the small quantity generator 
program, which includes many different source control efforts, has been highly 
effective at reducing commercial hazardous waste disposal at the landfill.  

	 The willingness to pursue changes to improve an award winning Recycling Program 
indicates the City’s commitment to capturing the highest possible percentage of 
recyclable materials, and the commitment to aggressive, effective programs.   

3.4 FOURTH REQUIREMENT – ALTERNATIVE DISPOSAL OPTIONS 

Requirement:  “That other feasible solid waste management alternatives to disposal at the 
landfill do not exist.” 

This section describes how the alternative disposal requirement is fulfilled by continuing to 
identify the Central Area as an emergency disposal alternative. 

The City contends that the Central Area should continue to be allowed as an emergency 
disposal site in the event of unforeseen conditions that would prohibit disposal by long haul 
because: 

1.	 The Central Area has not contributed to contamination; 

2.	 The City continues to fulfill the remedial actions identified in the Consent Decree; and 

3.	 By serving as an emergency disposal site, the Central Area provides a substantial 
benefit to the environment, Tacoma residents, and the surrounding local community. 

3.4.1 Central Area – Not Responsible for Contamination 

The Central Area has not contributed to contamination of the groundwater surrounding the 
landfill. In fact, the Central Area is a lined cell that was operating when the Consent Decree 
was signed.  The cell has been permitted as an existing landfill under WAC 173-351.   
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Section 3.1 and 3.2 provide the backup information necessary to show that the Central Area is 
not contributing to contamination.  The primary evidence to support this argument includes: 

	 Liner Performance – The Central Area liner’s estimated leakage rate is nearly 7 
times better than the classification as a Great Liner by EPA Standards (EPA, 1991). 

	 Leachate Data – The leachate collection and detection data indicates that the 
system is performing well and is within the design expectations for this type of 
system. The City will continue to monitor leachate flows over time to help identify 
any changes in performance. 

	 Groundwater Contamination Decreasing – Groundwater contamination near the 
landfill is decreasing (Section 3.2.3) and the majority of wells have no detectable 
levels of contamination.  Due to the low levels of contamination, the City submitted a 
request in 2007 to shut down the majority of the EOP and POC wells. 

3.4.2 Continued Progress of Remedial Actions 

The City is continuing to fulfill the remedial actions identified for the site to protect human health 
and the environment. Allowing the Central Area to remain open for emergency use will not 
impact or delay any of these remedial actions.  The primary remedial actions are: 

1.	 Operating the groundwater extraction-treatment system until sampling results 
indicate that the system can be shutoff.   

2.	 Maintaining the gas extraction system to ensure landfill gas does not leave the site.   

3.	 Monitoring and maintaining the existing landfill cap. 

3.4.3 Substantial Need for Emergency Disposal Sites within the Community 

The need for emergency debris disposal capacity in an urban environment such as Tacoma is 
well documented in federal guidance documents and through lessons learned recently by 
communities in other parts of the country responding to disaster events. 

It is unlikely that maintaining the Central Area for emergency capacity was a consideration when 
the Consent Decree was signed. As a result of recent disasters, the need for disaster planning 
has become a priority for federal, state, and local governments.  Maintaining the Central Area as 
a regional emergency disposal option is a critical component for disaster planning and will allow 
the region to respond in a timely manner to public health threats presented during and following 
a disaster. 

The need for the Central Area to serve as an emergency disposal site is supported by the 
discussions in the following sections: 

3.4.3.a Emergency Disposal Planning – Guidance Documents 

The need for emergency debris disposal options has been identified by numerous 
federal agencies.  The following guidance documents discuss the need for 
emergency disposal sites: 

	 Planning for Natural Disaster Debris, US Environmental Protection Agency, 
March 2008 (Appendix I). 
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This document was prepared for local communities to assist in the creation of 
disaster debris management plans.  The document includes recommended 
components of disaster debris management plans, case studies documenting 
how several communities planned for and managed debris generated by a 
recent natural disaster, and other helpful guidance for federal, state, and local 
resources to consult with in planning for natural disasters. 

The document states: “Having an inventory of existing waste management 
facilities, their capacities, and capabilities, and planning for additional 
temporary storage/staging and disposal options will help…Making sure that 
debris management is accomplished in an environmentally sound manner will 
protect the community during and immediately after the natural disaster 
occurs, as well as, into the future.” 

	 Debris Management Guide, FEMA-325, US Federal Emergency Management 
Agency, July 2007 (Appendix J). 

This document was prepared by the Federal Emergency Management 
Agency (FEMA) to assist communities in developing debris management 
plans and ensuring that these plans are consistent with FEMA’s eligibility 
criteria. The document also discusses the pros and cons of debris 
management sites, which are temporary sites used to store, reduce, 
segregate, and/or process debris before it is hauled to its final disposal sites.  
Debris management sites are frequently used when landfill space is limited or 
when the landfill is not in close proximity to the debris removal area. 

	 Urban Area Security Initiative – Disaster Debris Management Plan 

The Seattle Urban Area Security Initiative region, composed of King, Pierce, 
and Snohomish counties, is in the process of developing a disaster debris 
management plan.  A draft of this plan is included in Appendix K.  The draft 
plan identifies the Central Area of the Tacoma Landfill as an existing regional 
landfill with remaining capacity.   

The next step in the planning initiative is to work with counties and then with 
cities to develop individual debris management plans.  This planning effort 
will also create inter-local agreements between cities and between counties 
in order to effectively work together during an emergency.  This work, which 
will include planning for Pierce County and the City, is expected to be 
completed in 2009. The City anticipates that the Central Area of the Tacoma 
Landfill will be an integral part of the City’s and region’s debris management 
plans. 

3.4.3.b Examples Demonstrating the Need for Emergency Disposal Sites 

The following are recent examples of landfills that were used for emergency disposal 
following a disaster in the local community:  

	 New Orleans, LA – The Gentilly Landfill, which was a closed landfill and a 
Superfund site, was reopened in the wake of Hurricane Katrina to process 
disaster debris and serve as a disposal site. 
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	 Pensacola, FL – The Saufley Landfill, a construction and demolition landfill, 
received disaster debris from hurricanes in 2005 and 2006. 

	 New York, NY – The Staten Island Landfill (a.k.a. Fresh Kills Landfill) was 
reopened following the September 11 terrorist attacks.  An estimated 1.2 
million tons of debris were disposed at the landfill over a nine month period. 

	 Palm Beach County, FL – The Palm Beach County Solid Waste Authority 
accepted hurricane debris at their landfill and waste to energy plant. 

	 Oklahoma – The Oklahoma Department of Environmental Quality identified 
numerous existing and permitted landfills that could potentially receive 
vegetative debris from a 2007 ice storm. 

The following table, excerpted from CH2M Hill’s Draft Disaster Management Plan 
under the Urban Area Security Initiative (UASI), summarizes the amount of debris 
generated from recent disasters. 

Disaster Volume Type 

Hurricane Andrew: Metro-Dade County (FL) 43 million CY disaster debris 

Northridge Earthquake (CA) 7 million CY disaster debris 

World Trade Center (NY) 2.8 million CY disaster debris 

Hurricane Katrina (AL) 2 million CY disaster debris 

Hurricane Katrina (MS) 42 million CY disaster debris 

Hurricane Katrina (LA) 50 million CY disaster debris 

December 2007 Floods: Lewis County (WA) 15,600 CY vegetative debris 

December 2007 Floods: Lewis County (WA) 77,000 CY sediment 

December 2007 Floods: Lewis County (WA) 30,600 CY household flood 
related debris 

The Central Area has approximately 290,000 CY of remaining capacity.  This means 
the Central Area could provide final disposal for all the waste generated from a 
disaster more than twice as large as the December 2007 Lewis County floods 
(123,200 CY total disaster debris). 

3.4.4 Regional Emergency Disposal Sites 

There are only three available disposal sites within the Puget Sound region (Figure 3-40): 

	 Cedar Hills Landfill – 16645 228th Ave SE, Maple Valley, WA  98038 

The Cedar Hills Landfill is located 33 miles northeast of the Tacoma Landfill.  The 
primary transportation corridor between the two landfills is Highway 16, Interstate 5, 
Highway 18, and Cedar Groves Road.  Traveling along this route requires the 
crossing (on/under) of forty-seven (47) bridge structures.  One of these structures 
crosses the Puyallup River, one the Duwamish River, and two the Cedar River.  

Tacoma Landfill 31 
Third Five-Year Closure Extension Request 



 

 

 
 

  
 

 

	 

 304th Street Landfill (LRI) – 30919 Meridian St E, Graham, WA  98338 

The 304th Street Landfill (LRI) is located 28 miles southeast of the Tacoma Landfill.  
The primary transportation corridor between the two landfills is Highway 16, 
Interstate 5, Highway 512, and Meridian Road.  Traveling along this route requires 
the crossing (on/under) of 24 bridge structures. 

 Tacoma Landfill – 3510 S Mullen St, Tacoma, WA  98409 

Tacoma Landfill is located in central Tacoma and serves the City.  In an emergency, 
the landfill would also serve as a regional disposal site for the South Puget Sound.  
The majority of the Pierce County population lives in Tacoma and the adjacent 
communities. The Central Area is adjacent to Highway 16, near Interstate 5. 

Disadvantages for Tacoma and the South Puget Sound in using the Other Regional 
Emergency Disposal Sites 

The utilization of either Cedar Hills or LRI as an emergency disposal site for the City and the 
South Puget Sound region is problematic.  Neither of the landfills is located within the core 
population area for the region and the primary transportation corridors to both facilities are 
susceptible to damage and closure as a result of a disaster. 

Distance of Alternate Disposal Sites to Tacoma/Pierce County Core Population 

In order to provide the greatest benefit during an emergency situation, an emergency disposal 
site should be located as close as possible to the disaster site and core population area.  
Neither of the alternate disposal sites (Cedar Hills or LRI) is in close proximity to the core 
population area for the south Puget Sound region.  This will result in longer transit times to the 
disposal sites which will slow the recovery efforts during a disaster.  In addition, there will likely 
be limited resources such as vehicles, fuel, and staff.  These limited resources will negatively 
impact recovery efforts, especially when distances to disposal sites are lengthy, and could result 
in loss of additional life or property. 

Potential Closure of Primary Transportation Corridor 

As indicated above, the primary transportation corridors to the alternate disposal sites require 
the crossing of a significant number of bridge structures.  These structures are susceptible to 
damage during earthquake and/or flooding events.  Damage to one or more of these structures 
will very likely prevent access to the potential emergency disposal sites, and result in major 
traffic detours that could significantly impact the ability to utilize alternate routes. 

3.4.5	 Benefits to Tacoma and South Puget Sound in Retaining the Tacoma Landfill as a 
Regional Emergency Disposal Site 

The Tacoma Landfill Central Area emergency disposal utilization provides many benefits to the 
citizens of Tacoma, the South Puget Sound region, and the environment. 

Location 

As indicated above, in order to provide the greatest benefit during an emergency situation, an 
emergency disposal site should be located as close as possible to the disaster site and core 
population area. 

The Central Area of the landfill provides the following benefits: 
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1.	 The landfill is located in the most densely populated area of Pierce County based on 
the 2000 census (Figure 3-41).  

2.	 By being located in the core population area, the landfill provides shorter transit 
times for disposal. This will allow emergency responders to reach affected locations 
faster, which is critical in minimizing losses of human life and property.    

3.	 Limited resources (e.g., personnel, vehicles, fuel, and staff) may be available to 
conduct the cleanup due to the nature of the disaster.  By minimizing the distance 
between the debris location and the disposal site, these resources can be best 
utilized and the site can be cleaned up faster. 

Existing Infrastructure 

The landfill has environmental controls and infrastructure in place to handle solid waste.  The 
site also has the required infrastructure to manage landfill traffic, sorting of recyclables and 
other debris, and fencing to limit access to the disposal area.  

These controls include the leachate and condensate collection system, stormwater runoff 
collection and treatment systems, groundwater monitoring infrastructure and monitoring 
programs, and gas collection infrastructure and monitoring programs.   

Permitted Solid Waste Site 

The landfill is permitted under WAC 173-351 as an existing landfill.  In addition, the landfill’s 
Solid Waste Permit currently allows the use of the Central Area during an emergency situation. 

3.4.5.a Example Events Where the Central Area is Needed 

Below are a few example situations that demonstrate the critical need for the Central 
Area of the landfill during an emergency situation: 

	 Earthquake – There are numerous faults in Tacoma and the Puget Sound 
area. These include the Tacoma Fault Zone, Seattle Fault Zone, Olympia 
Fault and the Hood Canal Fault.  Tacoma is located on the Tacoma Fault 
Zone as shown on Figure 3-42.  A significant earthquake along these faults 
will likely cause substantial damage to infrastructure and property in Tacoma 
and the surrounding Puget Sound area. 

In addition, another subduction zone earthquake similar to the February 2001 
6.8 magnitude earthquake or greater will likely cause substantial damage. 

The table below lists some recent subduction zone earthquakes that 
impacted in the Tacoma/Pierce County area. 

Date Magnitude 

July 22, 2001 4.3 

June 10, 2001 5.0 

February 28, 2001 6.8 

July 2, 1999 5.8 
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April 29, 1965 6.5 

April 13, 1949 7.1 

	 Tsunami – A tsunami could occur in the South Puget Sound region following 
an earthquake along either the Tacoma Fault, Seattle Fault, or the Rosedale­
dominant Tacoma fault. As shown in Figure 3-43, any of these earthquakes 
could create several feet of inundation in the Port of Tacoma region 
(Appendix L) which would impact the north-south transportation route. 

	 Flooding – A significant portion of the Puyallup River valley lies within the 
potential flood hazard area identified by Pierce County (Figure 3-44).  A 
significant flood would likely impact the north-south transportation route and 
could require significant evacuations along the Puyallup River valley.  Note: 
FEMA is currently revising the 100-year and 500-year floodplain maps. 
These revisions are expected to significantly increase the areas that are 
within the floodplains. 

	 Mount Rainier Volcanic Eruption – A lahar generated by eruption of Mount 
Rainier would impact more than 150,000 people (USGS, Appendix M) in the 
South Puget Sound region and would cause significant damage to the area.  
Even a moderately sized event (Figure 3-45) would generate flows through 
the Puyallup River valley and the Tacoma tide flats prior to discharging into 
Commencement Bay. 

	 Terrorist Attack – A terrorist attack could result in infrastructure damage 
impacting the ability to transport and dispose of waste.  This further 
emphasizes the need for a local emergency disposal site. 

3.4.6 Satisfaction of the Fourth Requirement 

The Central Area did not contribute to the contamination caused by the unlined cells of the 
landfill and it was designed with the appropriate environmental safeguards to protect the 
environment.  The data presented in Sections 3.1 and 3.2 show that these safeguards are 
functioning as designed.   

The benefits of using the Central Area for emergency disposal are: 

	 Location within the core population area; 

	 Permitted landfill cell; and 

	 Protective of human health and the environment. 

The fourth requirement language included in the Consent Decree could not anticipate today’s 
change in circumstances that have increased the importance of emergency disposal sites.  
Examples throughout the country over the past several years, however, have clearly 
demonstrated the need for emergency disposal sites that are in close proximity to the disaster. 

For these reasons, the City believes that the Central Area should continue to serve as an 
emergency disposal site in the event that a natural or man-made disaster prohibits disposal by 
long haul. 
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4.0 FULFILLMENT OF 2ND CLOSURE EXTENSION APPROVAL 
REQUIREMENTS 

This section discusses how the City has complied with the requirements included in the 2nd 

closure extension request approval dated February 25, 2005.  

4.1 FIRST REQUIREMENT – EMERGENCY DISPOSAL 

Requirement:  “The City has permission to use the Central Area for waste disposal in 
emergencies only. For purposes of this condition, “emergency” shall be 
defined as an atypical situation that is not caused by any act or omission on the 
part of the City or its agents, but rather is caused by unforeseen circumstances 
that prohibit, in the short-term, disposal off-site.  Examples of an “emergency” 
in this context are a natural disaster, a system failure, or a labor dispute.  In the 
event that the City encounters an “emergency”, as defined herein, the City shall 
give EPA and Ecology notice that it has disposed waste in the Central Area.  
Such notice shall (1) describe the emergency necessitating such disposal and 
the approximate amount of waste disposed of in the Central Area, and (2) be 
sent to EPA and Ecology no later than seven days after the event occurs.  In 
the event that the City seeks to dispose waste in the Central Area for a “non-
emergency” purpose (e.g., construction project at the site that would have the 
result of temporarily preventing off-site transport of waste), the City shall apply 
to EPA and Ecology for permission prior to such disposal.  It shall be solely 
within EPA and Ecology’s discretion to grant or deny such permission.” 

Since the last five year extension, no “emergency” events occurred that required the City to 
dispose of waste in the Central Area.  The City did re-dispose waste excavated from the Central 
Area back into the Central Area during a landfill mining pilot study conducted in the summer of 
2007. The City received pre-approval from EPA and Ecology to re-dispose of this waste in the 
Central Area as required under this emergency disposal requirement.   

4.1.1 Satisfaction of the First Requirement 

The City has complied with the requirements related to emergency disposal included in the 2nd 

closure extension request approval dated February 25, 2005.  Therefore, the City has complied 
with this requirement. 

4.2	 SECOND REQUIREMENT – LEACHATE GENERATION MODELING AND 

MONITORING 

Requirement:  “No later than May 1, 2005, the City shall submit, for EPA and Ecology approval, 
an estimate of anticipated leachate that should be generated and collected by 
the Central Area’s leachate collection system.  The City shall monitor daily 
volumes (reported in gallons) collected from the Central Area’s leachate 
collection system, leak detection system, and toe-drain collection system.  The 
flow meters shall be installed and functional no later than October 1, 2005.  By 
the 15th of each month thereafter, the City shall submit monthly reports to EPA, 
Ecology and TPCHD describing the previous month’s monitoring.  In the event 
that the leachate flows from the Central Area differ significantly from what the 
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agencies have determined is reasonable, the agencies may impose further 
requirements in order to reduce leachate generation at the Central Area.  In the 
event that reliable leachate collection flow monitoring data cannot be obtained, 
the agencies may impose further conditions to mitigate leachate generation in 
the Central Area, including the use of temporary tarps, installation of an 
incremental permanent cover system, and/or final closure of the Central Area.” 

The requirements of this Section are discussed in detail in Section 3.1.3.b. 

4.2.1 Satisfaction of the Second Requirement 

The flow metering of the Central Area shows that the leachate collection system is performing 
as expected. The leachate detection pipe continues to have low flows that average 
approximately 1.0 gallons per minute and these flows correspond to the liner that exceeds the 
performance of EPA’s Great Liner classification by more than 7 times.  The HELP model 
performed by CH2M Hill also shows that the liner is working as expected.  These analyses show 
that the City has complied with the requirements related to leachate generation modeling and 
monitoring. 

4.3 THIRD REQUIREMENT – CENTRAL AREA TARPS 

Requirement:  “The City shall install and maintain temporary plastic tarps over all areas within 
the Central Area that achieve final filling elevation.” 

The City installed tarps in the south third of the Central Area that has achieved final elevation.  
These tarps will be maintained, as needed, to reduce the amount of runoff entering the 
underlying refuse. 

4.3.1 Satisfaction of the Third Requirement 

By installing tarps in the south third of the Central Area, the City believes it has complied with 
this requirement. 

4.4 FOURTH REQUIREMENT – TPCHD SOLID WASTE PERMIT 

Requirement:  “The City shall comply with the terms and conditions of the Solid Waste Permit 
issued by the TPCHD.” 

The City has and continues to comply with the terms and conditions of the Solid Waste Permit 
issued by the TPCHD. As issues arise, the City and TPCHD have worked together to resolve 
the issues in a timely manner. 

4.4.1 Satisfaction of the Fourth Requirement 

The City has complied with the requirements related to complying with the terms and conditions 
of the Solid Waste Permit issued by TPCHD. 
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Table 3-1
 
Leachate Detection 


Leachate Detection Flows 

Month 
Total Flow 
(gallons) 

May-07 29,829 

June-07 31,989 

July-07 31,961 

August-07 25,198 

September-07 28,125 

October-07 36,959 

November-07 54,232 

December-07 57,508 

January-08 76,999 

February-08 73223 

March-08 63,118 

April-08 44,955 

Total 554,096 

Table 3-1 Leachate Detection Page 1 of 1 




 

 


 

Table 3-2
 
HELP Model Predicted Leachate Generation Rates
 

Source: CH2M Hill. See Appendix C.
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Table 3-3
 
Groundwater Performance Standards
 

Chemicals of Concern Units MCL1 HBC2 
Groundwater 
Performance 

Standard 

Early Warning 
Value 

Volatile Organics 

1,1,1-Trichloroethane µg/L 200 200 40 
1,1-Dichloroethane µg/L 20 20 4 
1,2-Dichloroethane µg/L 5 5 1 
1,2-Dichloroethenes (Total) µg/L 70 14
 cis-isomer µg/L 70 70 14
 trans-isomer µg/L 100 100 20 

Benzene µg/L 5 5 1 
Chloroethane µg/L 20 20 4 
Ethylbenzene µg/L 700 320 320 64 
Methylene chloride µg/L 5 5 5 1 
Tetrachloroethene µg/L 5 5 1 
Toluene µg/L 1,000 175 175 35 
Trichloroethene µg/L 5 5 1 

Vinyl chloride µg/L 2 2 0.5 3 

Xylenes (Total) µg/L 10,000 10 10 2 

Metals 

Arsenic (Total) µg/L 50 50 10 

1 Code of Federal Regulations: 40 CFR 141 (7-1-95 ed.) Safe Drinking Water Act Maximum Contaminant Level (MCL)
 
2 Tacoma Landfill Consent Decree (5/17/91) Health Based Criteria (HBC)
 
3 Early Warning Value (EWV) established at the Method Detection Limit (MDL) of 0.5 µg/L
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Table 3-4
 
GPS and EWV Exceedances by Analyte 


2004 - 2008
 

Chemicals of Concern 

Groundwater 
Performance 

Standard 
(GPS) µg/L 

Early 
Warning 

Value 
(EWV) µg/L 

5 - Year Review (2004 - 2008) 
GPS Exceedances 

Well (# Exceedances) 

EWV Exceedances 

Well (# Exceedances) 
Volatile Organics 
1,1,1-Trichloroethane 200 40 --- ---

1,1-Dichloroethane 20 4 --­

P-3/4(60), TL-09B(1), TL-17AR(9), TL-
17BR(1) , TL-19C(1), TL-20C(13), TL­
26A(20), W-05(1), W-31(13), W-41(1) 

1,2-Dichloroethane 5 1 P-3/4(1), TL-26A(18) 

P-3/4(60), TL-04(20), TL-09B(7), TL-12(3), 
TL-17AR(1) , TL-20C(20), TL-26A(20), TL­
26B(9), W-05(19), W-06(12), W-31(13), W­
32(19) 

1,2-Dichloroethenes (Total) 70 14 --­ TL-11A(1), TL-26A(15) 

Benzene 5 1 --­
P-01(1), P-02(1), P-3/4(1), TL-01A(1), TL­
01C(1), TL-02C(1) 

Chloroethane 20 4 --­ ---
Ethylbenzene 320 64 --­ ---

Methylene chloride 5 1 

TL-01B(2), TL-21A(1), 
TL-25A(1), TL-25B(1), 
W-10(1) 

EW-00(1), EW-09(2), P-01(1), P-02(1), P­
3/4(1), TL-01B(3), TL-20C(1), TL-21A(1), TL­
25A(1), TL-25B(1), W-10(1), W-33(1), W­
43(1) 

Tetrachloroethene 5 1 TL-11A(20) 
TL-11A(20), TL-12(5), TL-26A(12), W-01(5), 
W-02(13), W-03(6), W-05(1), W-15(3) 

Toluene 175 35 --­ ---

Trichloroethene 5 1 
TL-11A(20), TL-12(1), 
W-01(1) 

EW-09(5), TL-11A(20), TL-11B(10), TL­
12(5), TL-26A(20), W-01(20), W-02(13), W­
03(12), W-04(13), W-05(14), W-07(10), W­
15(2), W-22(17) 

Vinyl chloride 2 0.5 1 

P-08(1), TL-04(1), TL­
05A(1), TL-05C(1), TL­
07A(13), W-15(15), W­
16(1), W-36(12) 

EW-12(2), P-08(20), P-3/4(44), TL-01B(3), 
TL-04(19), TL-05A(14), TL-05C(15), TL­
07A(21), TL-09B(2), TL-10A(1), TL-20C(3), 
TL-26B(7), TL-27B(2), W-01(1), W-02(2), W­
03(10), W-04(12), W-05(15), W-15(20), W­
16(13), W-17(7), W-18(1), W-20(10), W­
21(19), W-31(1), W-32(1), W-36(20), W­
37(1), W-40(1), W-41(16), W-43(1) 

Xylenes (Total) 10 2 --­ EW-09(1), W-19(1) 
Metals 

Arsenic (Total) 50 10 

EW-09(1), TL-04(1), 
TL-19A(1), W-02(4), 
W-03(2), W-05(2), W­
07(2), W-16(1), W­
17(1), W-18(1), W­
19(3), W-20(1), W­
21(1), W-22(1) 

EW-00(20), EW-09(2), EW-12(18), EW­
13(20), EW-16(2), EW-19(19), EW-21(3), 
EW-24(1), EW-30R(16), P-08(11), P-09(1), 
TL-04(18), TL-05A(17), TL-05C(18), TL­
07A(1), TL-10C(20), TL-11A(20), TL­
11B(20), TL-19A(2), TL-23A(4) , TL-25B(1), 
W-01(20), W-02(13), W-03(12), W-04(13), 
W-05(19), W-06(12), W-07(12), W-08(13), 
W-10(16), W-11(1), W-12(3), W-14(8), W­
15(19), W-16(13), W-17(11), W-18(12), W­
19(13), W-20(14), W-21(20), W-22(5), W­
36(2), W-38(1), W-43(12) 

1 Early Warning Value (EWV) established at the Method Detection Limit (MDL) of 0.5 µg/L 


Underlined wells are background groundwater quality wells that are located upgradient or cross-gradient of the landfill. 

Notes: 
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Figure 3-5
 
Tacoma Recycling
 

Program Material Type Year Implemented 

New Material Collected at Landfill Recycling Center 
New Material Collected at Landfill Recycling Center Cell Phones 

Ink Jet Cartridges 
2004-2007 

New Material Collected at HHW Facility or White Goods Refrigerator compressors and CFLs 
Cooking Oil 

2004-2007 

New Material Collected at Landfill Recycling Center Used Furniture 2004 
New Material Collected at Landfill Recycling Center Packing Peanuts 2003 
New Material banned from disposal by Commercial 
Generators 

2003 

New Material Diverted at Landfill Recycling Center Computer CPUs 2003 
New Material added to Landfill Recycling Center Used Household Goods and Clothing 

Used Building Materials 
2002 

Commingled Residential, Multi-family, School and Small 
Business Curbside Collection Implemented City-wide 

Aluminum & Tin Cans 
Container Glass 
Magazines 
Newspaper/Phone Books 
Empty Aerosol Cans 
Household Batteries 
Mixed Waste Paper 
#1, #2 Plastic Bottles 
Corrugated Cardboard 

1997 

Commingled Residential Curbside Collection – Pilot 
Program 

Aluminum & Tin Cans 
Container Glass 
Magazines 
Newspaper/Phone Books 
Empty Aerosol Cans 
Household Batteries 
Mixed Waste Paper 
#1, #2 Plastic Bottles 
Corrugated Cardboard 

1996 

Produce Waste Collection/Recycling Produce Waste 1991 

Table 3-5 Tacoma Recycling.xls Page 1 of 2 




 

 

Figure 3-5
 
Tacoma Recycling
 

Program Material Type Year Implemented 

Waste Watchers (Schools) Cardboard 
File Stock Grade Paper 

1991 

Source Separated Residential Curbside Collection Aluminum & Tin Cans 
Container Glass 
Magazines 
Newspaper/Phone Books 
Empty Aerosol Cans 
Household Batteries 

1990 

Curbside Yard Waste Collection Non-Commercial Yard Waste 1990 
Source Separated Multi-Family Curbside Collection Same as residential Curbside Collection, except 

Batteries and Magazines are not part of this service 
1990 

School Recycling (TRASH) - Community Drop Off 
Program 

Aluminum 
Newspaper 

1988 

Waste Oil Collection Waste Oil from Do-it-yourselfers 1988 
Landfill Recycling Center Aluminum & Steel Cans 

Empty Aerosol Cans 
Ferrous scrap metal 
Container Glass 
#1 & # 2 Plastic 
Magazines & Catalogs 
Newspaper 
Telephone Books 
Mixed Waste Paper 
Waste Oil 

1988 

Landfill Receiving Area Ferrous Scrap Metal 
Non Ferrous Scrap Metal 
Appliances 
Polyurethane Foam 
Tires 
Yard Waste (self haul) 

1986 

Table 3-5 Tacoma Recycling.xls Page 2 of 2 
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Figure 3-1
 
Tacoma Landfill - Central Area Leachate Collection Pipe Flow Monitoring 2006
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Figure 3-2
 
Tacoma Landfill - Central Area Leachate Collection Pipe Flow Monitoring 2007
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Figure 3-3
 
Tacoma Landfill - Central Area Leachate Collection Pipe Flow Monitoring 2008
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Figure 3-5
Groundwater Plume Boundaries
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Figure 3-7 
Tetrachloroethene 
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Figure 3-8
 
Trichloroethene
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Figure 3-9 
Arsenic, Total 
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Figure 3-10
 
1,2-Dichloroethene
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Figure 3-11
 
Vinyl Chloride - Northern Plume
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Figure 3-12 Vinyl Chloride
 
Southern Plume 
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Figure 3-13 

Vinyl Chloride Concentrations Over Time 
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Figure 3-15 Tacoma Landfill - North Area Transect 
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Figure 3-16 Tacoma Landfill - South Area Transect 
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Figure 3-24 
1,1-Dichloroethane 
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Figure 3-25 
1,2-Dichloroethane 
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Figure 3-26 
1,2-Dichloroethenes, Total 

B Completions 
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Figure 3-27 
Chloroethane 
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Figure 3-28 
Methylene Chloride 

B Completions 
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Figure 3-29 
Trichloroethene 
B Completions 
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Figure 3-30 
Vinyl Chloride 
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Figure 3-31 
Arsenic, Total 
B Completions 
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Figure 3-34 
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Figure 3-35 
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Figure 3-36 
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Figure 3-37 
Methylene Chloride 
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Figure 3-38 
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Figure 3-39 
Arsenic, Total 
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MEMORANDUM 

Landfill Gas Migration Control 

Tacoma Landfill 

TO: 

COPIES: 

FROM: 

DATE: 

Gary Kato 

Cal Taylor 

Tom Kraemer/CH2M HILL 

November 12, 2007 

C~2MHILL 

This memo describes data from gas monitoring probes and a new gas monitoring well 
installed in 2006 by the City of Tacoma near the north end of the Tacoma landfill. The new 
probes and wells were installed specifically to prevent methane migration onto the Home 
Depot property adjacent to the landfill property. The data from 2006 and 2007 are presented 
showing effective control of gas movement at the north end of the landfill and steady 
reduction in methane concentrations in existing gas probes adjacent to and on Home Depot 
property. 

Demonstration of Continuous Methane Capture Across North End Of 
Tacoma Landfill 

In 2005, CH2M HILL analyzed data 1 from existing landfill gas wells and gas monitoring 
probes near the north end of the Tacoma landfill, including probes on Home Depot property 
just north of the landfill. The memo concluded that, although there have been fluchlating 
quantities of methane found north of the landfill on the Home Depot property, the methane 
may not have originated in the Tacoma landfill or may have originated in the Tacoma 
landfill at a time long distant, i.e. not from recent migration. CH2M HILL's 2005 memo 
recommended installation of additional gas monitoring probes interspersed among the gas 
extraction wells at the north end of the landfilL These wells would be placed at locations 
between gas extraction wells that would allow Tacoma to determine whether overlapping 
zones of influence are maintained between adjacent wells across the north end of the 
landfill, thus caprnring any current gas migration. 

Tacoma installed the new gas monitoring probes in July 2006. The attached drawings show 
the locations and construction details of the new gas probes. Drawing 1 shows the new 
probe locations in relation to the existing gas extraction wells. A 110 foot radius zone of 
influence around each extraction well was assumed and the new gas probes were located at 
the north edge of the overlap points formed. Although the 110 foot radius is within a 
typical range for gas extraction wells, the assumed radius was not based on a computation 
of the expected radius of influence, but rather simply on the actual spacing between the 
existing gas extraction wells in this area. Being located at the extreme outside end of the 
assumed overlap zone, if an influence from either extraction well near each gas probe can be 

1 "Review of Gas Data at North End of Tacoma Landfill,' CH2M HILL, April 2005. 
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TACOW, lANDFILl 

demonstrated, then the influence zone of the other well need only be very small to achieve 
an overlap. The new probes thus are able to demonstrate a continuous "curtain" of gas 
capture across the north end of the landfill. 

Figures 1 through 4 show the vacuum induced in the new gas probes. Figures 5 through 9 
show the vacuum in the five extraction wells PW60 through PW62 and PWHD-A and 
PWHD-6. 

Each of the extraction probes and wells have multiple levels going down to approximately 
50 feet below grade for the monitoring probes and somewhat deeper for the extraction 
wells. (See cross-section A-A' for typical probe level elevations and depth correlation 
between monitoring probes and extraction wells.) The monitoring probes are labeled from 
uppermost to lowermost according to the sequence red-orange-yellow-blue, while the 
extraction wells are labeled from uppermost to lowermost according to the sequence A-S-C. 

COllclusion: In general, the data show a consistent pattern of increasing vacuum (i.e. 
pressures farther below zero on the graphs), as the vacuum in the north end extraction wells 
were increased around year-end 2006. The well vacuums were adjusted at this time as 
Tacoma implemented a program of adjustments to its landfill gas collection system (to 
which the north end gas migration are also connected) that allowed them to increase the 
vacuum in the north end extraction wells at this time. This consistent correlation shows that 
the extraction wells are exerting a continuous curtain of influence at all elevations across the 
north end of the landfill. 

The one exception to the above conclusion is the "yellow" probe of HD-4, which shows an 
anomalous increase in methane during January and February of 2007. The "yellow" probe 
correlates with the "8" levels in the extraction wells. Examination of the "S" level graphs in 
extraction wells PW-60 and PW HD-S show that there was a period during January 2007 
when these wells were either turned off and there were either zero or no vacuum readings 
recorded. This may have allowed the pressure to increase in the HD-4 probe "yellow" level. 
In any case, after February 2007 the vacuum in this probe continued to increase through the 
end of the data set, as the vacuum in the nearby extraction wells continues to be applied. 

Demonstration of Effects on Existing Gas Monitoring Probes on Home 
Depot Property 

Tacoma also installed a new extraction well, PW-HD-C in May 2006. The location and 
construction details of the new extraction well are also shown on the attached drawings. 
Figure 10 shows the pressures recorded in extraction well HD-C during 2006 and 2007. 
Figures 11 and 12 show the methane levels in probes HD and HD-A respectively. Figures 13 
and 14 show the pressures measured in the same two gas probes. The data show that 
methane concentrations have decreased in all levels in both of these probes, and that aU 
readings in them since July of 2007 have shown zero methane. Also, both probes show a 
general trend of increasing vacuum, suggesting the vacuum influence of extraction well 
HD-C. This shows that the well is effective in removing methane from the general area 
around probe HD and HD-A, extending onto Home Depot property. 
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January 10, 2008 

PMX# 555-1564-068 (01/01) 


Gary Kato 

City of Tacoma Public Works Department 

Environmental Services/Science & Engineering 

2201 Portland Avenue 

Tacoma, WA  98421-2711
 

Re: Emission Testing Results – Tacoma Landfill Gas Flare 

Dear Gary: 

This letter summarizes the emission results conducted on the enclosed landfill gas flare at the Tacoma Landfill. 
The work for this task was conducted in accordance with Emission Testing Plan to determine the flare emissions 
during normal operations.  The emission testing was conducted on July 19-20, 2007. 

PROJECT BACKGROUND 

The landfill, since 1988, has conducted post-closure operations and maintenance under CERCLA based on 
Record of Decision (ROD) and Consent Decree between EPA, Ecology, and the City.  In 1992, two identical 
enclosed landfill gas flares were installed under the CERCLA program with consultation by Puget Sound Clean 
Air Authority (PSCAA). A Notice of Construction air permit was never required for the flares, and the flares are 
not regulated under NSPS. However, under the ROD, the City is required to periodically conduct emission 
testing on the flares, as follows: 

•	 Emission testing is required on one of the operating flares 

•	 Speciated VOC concentrations in landfill gas at the flare inlet (under conditions of normal ambient 
temperature, ambient pressures, and low moister content) using Summa canisters, must be measured. 

•	 Speciated VOC concentrations at the high-temperature flare outlet will be measured using SW-846 
Method 0031 (SMVOC Sample Train). 

•	 Outlet concentrations and emission rates for combustion products (NOx, CO, NMOC, and hydrochloric 
acid) are measured. 

•	 Destruction efficiency for individual toxic air pollutants must be evaluated. 

•	 Based on the emission test results, estimate ambient concentrations at the nearest facility boundary and 
compare the modeled concentrations to the ASILs, if required. 

FACILITY DESCRIPTION 

The Tacoma Landfill has been closed since 1991 expect for the Central Area, which is about 30 acres and used 
primarily for emergencies and/or backup purposes only. Landfill gas is collected from both the Central Area and 
closed areas and is routed to the flare station for migration and emission control.  The present flare station has a 
design capacity of 2,000 cubic feet per minute (cfm).  The two operating flares were constructed by the Perennial 



 
 
 
  

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

  

 
 

 

 

 
 

 
 

Gary Kato 
January 10, 2008 

Page 2 

Energy Company and installed in 1992.  Each flare is 24 feet tall and 10.5 feet outside diameter.  The flare station 
is operated continuously and requires no supplemental fuel. 

Landfill gas generation at the Tacoma Landfill continues to decrease steadily over the years so the City is 
planning on installing a downsized enclosed flare to handle the current lower methane concentrations and gas 
flows. The methane concentration and flow rate at the time of testing was 25 percent by volume and 
approximately 769 cfm, respectively, or approximately 10.5 million BTUH. 

EMISSION TEST PLAN 

An emission test plan was prepared and submitted to EPA Region 10 and Ecology for their review and approval 
prior to the testing with no comments.  The test plan is provided in Attachment A. 

Emission testing methods that were used at the flare inlet and out for each regulated air pollutant is summarized 
on Table 1. 

EMISSION TEST RESULTS 

The emission testing was conducted on July 19-20, 2007 by Amtest Air Quality, LLC (Amtest).  Amtest’s full test 
report is provided as Attachment B.  A brief summary of the favorable test results are provided in the following 
tables: 

•	 Table 2 lists the average stack-gas concentrations of conventional air pollutants and toxic air pollutants 
(TAPs) on the flare outlet. 

•	 Table 3 lists the calculated destruction efficiency for the detected TAPs on the flare inlet and/or outlet 
concentrations. 

•	 Table 4 lists the non methane organic compounds (NMOCs) on the flare outlet. 

•	 Table 5 lists criteria pollutants on the flare outlet. 

Since the latest flare emission results of July 19-20, 2007 were similar or surpass previous results, modeling to 
determine estimated concentrations at the nearest facility boundary was not performed. The flare emissions do 
not cause any significant air quality impacts beyond the nearest facility boundary, since the flare’s outlet 
concentrations are significantly lower than the regulated allowable limits. 

Sincerely, 

PARAMETRIX, INC. 

Stephen Emge, P.E. 
Project Engineer 

cc: Karen Bartlett – City of Tacoma 

Attachment A – Emission Testing Plan 
Attachment B – Amtest’s Test Report (3 copies) 



 
 
 
  

 

 

 

             

 

 

Gary Kato 
January 10, 2008 

Page 3 

Parameter 

Table 1. Emission Test Methods for Tacoma Landfill Flare Testing 

Flare Inlet Flare Outlet 

Test Method 
No. of 

Samples Test Method 
No. of 

Samples 

Test Port Ground-level 10-inch diameter horizontal duct, at 

Location ambient temperature, positive pressure, and low
 

moisture negative pressure, high moisture 

Gas Velocity and 
flow rate 

EPA Methods 1, 1A, and 2 3 runs EPA Methods 1, 1A, and 2 3 runs 

Flue gas moisture ODEQ Method 4 
(Psychrometery) 

3 runs ODEQ Method 4 
(Gravimetric) 

3 runs 

Fixed gases EPA Methods 3C (GC/TCD) 3 runs EPA Methods 3C 
(GC/TCD) 

3 runs 

Combustion gas 
(CO, CO2, O2) 

N/A N/A EPA Method 3A (Real-time 
continuous monitors) 

3 runs 

NOx N/A N/A EPA Method 7E (Real-time 
chemiluminescent 

3 runs 

analyzer) 

SO2 N/A N/A EPA Method 6C (UV 
analyzer) 

3 runs 

CO N/A N/A EPA Method 10 (Real-time 
non-dispersive infrared 
analyzer - GRC-NDIR) 

3 runs 

HCL and HF N/A N/A EPA Method 26A      
(Impingers with ion 
chromatography) 

3 runs 

NMOCs EPA Method 25C (FID 
analyzer with Summa 
canisters) 

3 runs plus 
duplicate 

EPA Method 25A (Real-
time FID analyzer) 

3 runs 

Speciated TAPs EPA Method TO-14A (Summa 
canisters) 

3 runs plus 
duplicate 

SW-846 Method 
0031(Tenax/Anasorb resin) 

3 runs 

5 feet below top of 24-foot tall, 9.9-foot 
diameter flare.  High temperature, slight 



              

TABLE 2. SUMMARY OF EMISSION CONCENTRATIONS 
TACOMA LANDFILL FLARE 

Perennial #1 Landfill Gas Combuster Outlet 

Run 1 Run 2 Run 3 
Airflow: 9792.7 dscf/min 10933 dscf/min 10551 dscf/min Average 

Analyte lb/hr lb/hr lb/hr lb/hr 

Acetone 5.94E-04 1.26E-03 U 1.22E-03 U 1.98E-04 J 
Benzene 6.05E-03 E 1.97E-03 4.55E-03 4.19E-03 E 
Bromobenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Bromochloromethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
Bromodichloromethane 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Bromoform 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
Bromomethane 5.74E-04 U 6.31E-04 U 6.10E-04 U 6.05E-04 U 
2-Butanone (MEK) 1.15E-03 U 1.26E-03 U 1.22E-03 U 1.21E-03 U 
n-Butylbenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
sec-Butylbenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
tert-Butylbenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Carbon Disulfide 5.36E-05 1.26E-04 U 1.22E-04 U 1.79E-05 J 
Carbon Tetrachloride 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Chlorobenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Chlorodibromomethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
Chloroethane 5.74E-04 U 6.31E-04 U 6.10E-04 U 6.05E-04 U 
Chloroform 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Chloromethane 1.12E-04 1.34E-04 1.06E-04 1.17E-04 
2-Chlorotoluene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
4-Chlorotoluene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,2 Dibromo-3-chloropropane 5.74E-04 U 6.31E-04 U 6.10E-04 U 6.05E-04 U 
1,2-Dibromoethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
Dibromomethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
1,2-Dichlorobenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,3-Dichlorobenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,4-Dichlorobenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Dichlorodifluoromethane 1.76E-04 2.67E-04 1.17E-04 1.87E-04 
1,1-Dichloroethane 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,2-Dichloroethane 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
cis-1,3-Dichloroethene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
trans-1,3-Dichloroethene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,1-Dichloroethene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,2-Dichloropropane 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,3-Dichloropropane 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
2,2-Dichloropropane 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
cis-1,3-Dichloropropene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
trans-1,3-Dichloropropene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
1,1-Dichloropropene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Ethylbenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Hexachlorobutadiene 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
2-Hexanone 1.15E-03 U 1.26E-03 U 1.22E-03 U 1.21E-03 U 
Isopropylbenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
p-Isopropyltoluene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Methylene Chloride 
4-Methyl-2-Pentanone (MiBK) 

4.81E-04 
1.15E-03 U 

2.65E-03 
1.26E-03 U 

3.05E-04 U 
1.22E-03 U 

1.04E-03 J 
1.21E-03 U 

Naphalene 
n-Propylbenzene 

4.76E-05 
1.15E-04 U 

3.15E-04 U 
1.26E-04 U 

3.05E-04 U 
1.22E-04 U 

1.59E-05 J 
1.21E-04 U 

Styrene 
1,1,1,2-Tetrachloroethane 

3.05E-05 
1.15E-04 U 

1.26E-04 U 
1.26E-04 U 

1.22E-04 U 
1.22E-04 U 

1.02E-05 J 
1.21E-04 U 

1,1,2,2-Tetrachloroethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
Tetrachloroethene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Toluene 1.74E-04 1.06E-04 1.19E-04 1.33E-04 
1,2,3-Trichlorobenzene 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
1,2,4-Trichlorobenzene 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
1,1,1-Trichloroethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
1,1,2-Trichloroethane 2.87E-04 U 3.15E-04 U 3.05E-04 U 3.02E-04 U 
Trichloroethene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Trichlorofluoromethane 3.21E-03 6.31E-04 U 1.72E-04 1.13E-03 J 
1,2,3-Trichloropropane 
1,2,4-Trimethylbenzene 

8.76E-05 
1.15E-04 U 

3.15E-04 U 
1.26E-04 U 

3.05E-04 U 
1.22E-04 U 

2.92E-05 J 
1.21E-04 U 

1,3,5-Trimethylbenzene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
Vinyl Chloride 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 
m- & p-Xylenes 2.30E-04 U 2.52E-04 U 2.44E-04 U 2.42E-04 U 
o-Xylene 1.15E-04 U 1.26E-04 U 1.22E-04 U 1.21E-04 U 

U = Undetected at specified reporting limit (RL). 
E = Estimated result; concentration exceeds the calibration range. An E flag is assigned to a run even if just one run is labeled as E. 
J = Approximate value. Data is labeled with a J flag when one or more of the results in a set of multiple runs is under the detection limit, but at 

least one of the other runs is above the detection limit. Runs under the detection limit are represented as in the set average calculation.
 Zero (0) is used as the value of any undetected run when calculating the average of any run labeled with a J flag.



              

TABLE 3. TOXIC AIR POLLUTANT DESTRUCTION EFFICIENCY
 
TACOMA LANDFILL GAS FLARE
 

Perennial #1 Landfill Gas Combuster Inlet/Outlet Destruction Efficiency

 Inlet  Outlet 

Analyte lb/hr 
Average 

lb/hr 
Average DE 

% 

Acetone 1.18E-03 J 1.98E-04 J 83.20% 
Benzene 3.81E-03 4.19E-03 E ---
Bromobenzene NA 1.21E-04 U ---
Bromochloromethane NA 3.02E-04 U ---
Bromodichloromethane 5.10E-03 U 1.21E-04 U ---
Bromoform 2.36E-02 U 3.02E-04 U ---
Bromomethane 2.96E-03 U 6.05E-04 U ---
2-Butanone (MEK) 2.24E-03 U 1.21E-03 U ---
n-Butylbenzene NA 1.21E-04 U ---
sec-Butylbenzene NA 1.21E-04 U ---
tert-Butylbenzene NA 1.21E-04 U ---
Carbon Disulfide 2.37E-03 U 1.79E-05 J ---
Carbon Tetrachloride 3.33E-03 J 1.21E-04 U >99.99% 
Chlorobenzene 3.50E-03 U 1.21E-04 U ---
Chlorodibromomethane NA 3.02E-04 U ---
Chloroethane 2.01E-03 U 6.05E-04 U ---
Chloroform 3.72E-03 U 1.21E-04 U ---
Chloromethane 1.57E-03 U 1.17E-04 ---
2-Chlorotoluene NA 1.21E-04 U ---
4-Chlorotoluene NA 1.21E-04 U ---
1,2 Dibromo-3-chloropropane NA 6.05E-04 U ---
1,2-Dibromoethane 5.76E-03 U 3.02E-04 U ---
Dibromomethane NA 3.02E-04 U ---
1,2-Dichlorobenzene 4.58E-03 U 1.21E-04 U ---
1,3-Dichlorobenzene 4.58E-03 U 1.21E-04 U ---
1,4-Dichlorobenzene 4.58E-03 U 1.21E-04 U ---
Dichlorodifluoromethane 3.20E-03 U 1.87E-04 ---
1,1-Dichloroethane 3.05E-03 U 1.21E-04 U ---
1,2-Dichloroethane 3.05E-03 U 1.21E-04 U ---
cis-1,3-Dichloroethene NA 1.21E-04 U ---
trans-1,3-Dichloroethene NA 1.21E-04 U ---
1,1-Dichloroethene NA 1.21E-04 U ---
1,2-Dichloropropane 3.52E-03 U 1.21E-04 U ---
1,3-Dichloropropane NA 1.21E-04 U ---
2,2-Dichloropropane NA 1.21E-04 U ---
cis-1,3-Dichloropropene 3.39E-03 U 1.21E-04 U ---
trans-1,3-Dichloropropene 3.39E-03 U 1.21E-04 U ---
1,1-Dichloropropene NA 1.21E-04 U ---
Ethylbenzene 
Hexachlorobutadiene 

4.90E-02 
8.12E-03 U 

1.21E-04 U 
3.02E-04 U 

>99.99% 
---

2-Hexanone 3.12E-03 U 1.21E-03 U ---
Isopropylbenzene NA 1.21E-04 U ---
p-Isopropyltoluene NA 1.21E-04 U ---
Methylene Chloride 2.65E-03 U 1.04E-03 J ---
4-Methyl-2-Pentanone (MiBK) 3.12E-03 U 1.21E-03 U ---
Naphalene NA 1.59E-05 J ---
n-Propylbenzene NA 1.21E-04 U ---
Styrene 3.24E-03 U 1.02E-05 J ---
1,1,1,2-Tetrachloroethane NA 1.21E-04 U ---
1,1,2,2-Tetrachloroethane 5.23E-03 U 3.02E-04 U ---
Tetrachloroethene NA 1.21E-04 U ---
Toluene 1.79E-02 1.33E-04 99.26% 
1,2,3-Trichlorobenzene NA 3.02E-04 U ---
1,2,4-Trichlorobenzene 5.65E-03 U 3.02E-04 U ---
1,1,1-Trichloroethane 4.15E-03 U 3.02E-04 U ---
1,1,2-Trichloroethane 4.14E-03 U 3.02E-04 U ---
Trichloroethene 4.08E-03 U 1.21E-04 U ---
Trichlorofluoromethane 3.97E-03 U 1.13E-03 J ---
1,2,3-Trichloropropane NA 2.92E-05 J ---
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl Chloride 
m- & p-Xylenes 
o-Xylene 

1.10E-02 
3.08E-03 J 
1.10E-02 
4.24E-02 
1.06E-02 

1.21E-04 U 
1.21E-04 U 
1.21E-04 U 
2.42E-04 U 
1.21E-04 U 

>99.99% 
>99.99% 
>99.99% 
>99.99% 
>99.99% 

U = Undetected at specified reporting limit (RL). 

E = Estimated result; concentration exceeds the calibration range. An E flag is assigned to the average even if just one run is labeled as E.
 

J = Approximate value. Data is labeled with a J flag when one or more of the results in a set of multiple runs is under the detection limit, but at 


least one of the other runs is above the detection limit. Runs under the detection limit are represented as in the set average calculation. 

--- = This is the label given when any of the following cases occur: the inlet is U; the outlet is greater than the inlet; the compound was not analyzed at the inlet. 

If a compound is detected at the inlet, but not detected at the outlet it is assigned a value of >99.99% DE. 

Method TO-14A was used to quantify compounds at the inlet and Method 0031 was used to quantify compounds at the outlet. Only compounds that were included 

on the M0031 list are included in the DE calculations. Compounds that were quantified at the outlet but not at the inlet are shown as NA.



  

 

   

 

   

   

   
   

    
      

 TABLE 4. SUMMARY OF RESULTS - EPA METHODS 25A 
NON METHANE ORGANIC COMPOUNDS 

Perennial #1 Landfill Gas Combuster Outlet 

Run 1 Run 2 Run 3 Average 

Date: 7/19/07 7/20/07 7/20/07 
Start Time: 1510 0831 1138 
Stop Time: 1732 1031 1338 
Sample Length (minutes): 240 120 120 

Moisture (Bws): 0.0817 0.0758 0.0867 0.0814 
Oxygen (%): 11.7 13.6 11.8 12.3 
Stack Gas Airflow (dscf/min): 9792.7 10933 10551 10426 

EPA METHOD 25A
 
TOTAL HYDROCARBONS (THC as Methane)
 

THC Detection Limit (dry - ppm): 1.0 1.0 1.0 1.0 

THC Emission Concentration (wet - ppm): 10.2 12.8 12.4 11.8 

THC Emission Concentration (dry - ppm): 11.1 13.8 13.6 12.8 

THC Emission Rate (lb/hr): 0.272 0.378 0.358 0.336 

EPA METHOD 25A 
METHANE (CH4) 

Methane Detection Limit (dry - ppm): 1.0 1.0 1.0 1.0 

Methane Emission Concentration (wet - ppm): 11.2 12.5 16.1 13.3 

Methane Emission Concentration (dry - ppm): 12.2 13.5 17.6 14.5 

Methane Emission Rate (lb/hr): 0.298 0.369 0.465 0.377 

EPA METHOD 25A 
NMOC (as Methane) 

NMOC Detection Limit (ppm): 1.0 1.0 1.0 1.0 

NMOC Detection Limit (lb/hr): 0.024 0.027 0.026 0.026 

NMOC Emission Rate (lb/hr): 0.024 U 0.009 U 0.026 U 0.020 U 

NMOC Emission Concentration (dry - ppm): 1.0 U 0.3 U 1.0 U 0.8 U 

EPA METHOD 25A 
NMOC (as Carbon) 

NMOC Detection Limit (as carbon (ppm)): 1.0 1.0 1.0 1.0 
NMOC Detection Limit (as carbon (lb/hr)): 0.018 U 0.020 0.020 0.013 

NMOC Emission Concentration (as methane (dry-ppm)): 1.0 U 0.3 U 1.0 U 0.8 U 

NMOC Emission Concentration (as carbon (dry-ppm)): 1.0 U 0.3 U 1.0 U 0.8 U 
NMOC Emission Rate (lb/hr): 0.018 U 0.007 U 0.020 U 0.015 U 

U = Undetected at specified reporting limit.
 

J = Approximate value. This is assigned when one or more of multiple runs is under the detection limit, but at least one of the other runs is above the detection limit


 and zero is used for those values under the detection limit in calculating the average.



 

TABLE 5. SUMMARY OF RESULTS - EPA METHODS 3A, 6C, 7E, AND 10
 CRITERIA POLLUTANTS 

Perennial #1 Landfill Gas Combuster Outlet 
Run 1 Run 2 Run 3 Average 

Date: 7/19/07 7/20/07 7/20/07 
Start Time: 1510 0831 1138 
Stop Time: 1732 1031 1338 
Sample Length (minutes): 240 120 120 

Oxygen (%): 11.7 13.6 11.8 12.3 
Stack Gas Airflow (dscf/min): 9792.7 10933 10551 10426 

EPA METHOD 6C 
SULFUR DIOXIDE (SO2 ) 

SO2 Detection Limit (ppm): 0.1 0.1 0.1 0.1 
SO2 Emission Concentration (ppm): 0.2 3.5 4.2 2.6 
SO2 Emission Rate (lb/hr): 0.022 0.378 0.445 0.282 

EPA METHOD 7E 
NITROGEN OXIDES (NOx ) 

NOx Detection Limit (ppm): 0.1 0.1 0.1 0.1 
NOx Emission Concentration (ppm): 10.6 9.8 13.0 11.1 
NOx Emission Rate (lb/hr): 0.746 0.770 0.980 0.832 

EPA METHOD 10 
CARBON MONOXIDE (CO) 

CO Detection Limit (ppm): 1.0 1.0 1.0 1.0 
CO Emission Concentration (ppm): 45.9 43.9 59.4 49.7 
CO Emission Rate (lb/hr): 1.96 2.09 2.73 2.26 

U = Undetected at specified reporting limit.
 
J = Approximate value. This is assigned when one or more of multiple runs is under the detection limit, but at least one of the other runs is above the detection limit


 and zero is used for those values under the detection limit in calculating the average. 



 

 

ATTACHMENT A 

Emission Testing Plan 



June 22, 2007 

Ms. Kris Flint 

City of Tacoma 
Public Works Department 

EPA Region 10 
1200 Sixth Avenue 
Seattle, WA 98101 

Re: Emission Testing Plan 
Tacoma Landfill Gas Flare 

Dear Ms. Flint and Mr. Maurer: 

Mr. Christopher Maurer 
Department of Ecology 
P.O. Box 47600 
Olympia, WA 98504-7600 

The City of Tacoma Public Works Environmental Services Solid Waste Utility (City) has retained 
Parametrix to conduct an emission test on an enclosed landfill gas flare at the Tacoma Landfill. 
The emission test will be conducted by Amtest Air Quality, LLC (Amtest) with the test tentatively 
scheduled for July 19-20, 2007. Emission tests were last performed in 2004 by Amtest. The 
attached Emission Test Plan, prepared by Amtest, describes the test protocols. 

The landfill has been operating since 1988 under CERCLA based on a Record of Decision 
(ROD) and Consent Decree between EPA, Ecology, and the City. The City also operates under 
a permit issued by the Tacoma-Pierce County Health Department (TPCHD). In 1992, two 
identical enclosed Perennial landfill gas flares were installed under the CERCLA program with 
consultation by Puget Sound Clean Air Authority (PSCAA). A Notice of Construction air penmit 
was not required for the flares, and the flares are not regulated under NSPS. However, under 
the ROD, the City is required to periodically conduct emission testing on the flares, as follows: 

• Emission testing is required on one of the operating flares; 

• Speciated VOC concentrations in landfill gas at the flare inlet (under conditions of 
normal ambient temperature, ambient pressures, and low moister content) using 
Summa canisters, must be measured; 

• Speciated VOC concentrations at the high-temperature flare outlet will be measured 
using SW-846 Method 0031 (SMVOC Sample Train); 

• Outlet concentrations and emission rates for combustion products (NOx, CO, NMOC, 
and hydrochloric acid) are measured; 

• Destruction efficiency for individual toxic air pollutants must be evaluated; and 

• Based on the emission test results, estimate ambient concentrations at the nearest 
facility boundary and compare the modeled concentrations to the ASILs. 

The attached Emission Test Plan also describes conventional emission testing protocols 
including sampling port geometry, velocity traverses, moisture determination, and measurement 
of conventional combustion products. 

Environmental Services 12201 Portland Avenue 1 'il.lcoma, Washington 98421·2711 1 (253) 591·5588 
WAAY.cltyol'tacoma.org 



Ms. Kris Flint 
Mr. Christopher Maurer 
June 22, 2007 
Page Two 

Based on the past flare emission results , the City is requesting a variance to the ROD 
requirements. If the upcoming flare emission test results are equal to or surpass past results, 
the City is requesting that the modeling required to determine estimated concentrations at the 
nearest facility boundary not be conducted since past modeling has concluded the flare 
emissions do not cause any significant air quality impacts beyond the nearest facility boundary. 

As stated above, the anticipated emission test is scheduled for July 19-20, 2007. Please 
provide your comments, if any, and your decision on the requested variance as soon as 
possible so the emission test can be conducted as scheduled. 

Sincerely, 

L~ 
Karen Bartlett 
Project Engineer 

KAB:sh (Agency Letter_Final) 

Attachment - Amtest's Emission Test Protocol 

cc: 	 Stephen Emge, P.E.- Parametrix 
Cal Taylor - City of Tacoma 
Dave Bosch - Tacoma Pierce County Health Department 

File: Tacoma Landfill 
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June 15,2007 

Mr. Steve Emge 
Parametrix 
411 lOSth Avenue NE, Suite IS00 
Bellevue, Washington 9S004 

Dear Mr. Emge: 

This letter presents AmTest Air Quality's (AT AQ) test plan for conducting emissions 

tests at the City of Tacoma's Public Works Department, Tacoma Landfill. Testing will 

be conducted on one of the Perennial Energy Company's two landfill gas combustors. 

This testing is identical in scope to that performed at this same site in April 2004. For 

this project, emissions tests will be performed simultaneously at the inlet and outlet of the 

landfill flare. Testing is currently planned for July 19-20, 2007 

The parameters to be measured at the flare inlet include: 
• gas temperature and airflow using EPA Methods 1 and 2 
• inlet fixed gases using EPA Method 3C 
• gas moisture content using ODEQ Method 4 psychrometry 
• non-methane organic compounds (NMOC) using EPA Method 25C 
• speciated volatile organic compounds using EPA Method TO-14A 

The parameters to be measured at the flare outlet include: 

• gas temperature and airflow using EPA Methods 1 and 2 
• combustion gases and molecular weight using EPA Method 3A 
• gas moisture content using EPA Method 4 
• sulfur dioxide using EPA Method 6C 
• nitrogen oxides using EPA Method 7E 
• carbon monoxide using EPA Method 10 
• non-methane organic compounds (NMOC) using EPA Method 25A 
• hydrogen chloride and hydrogen fluoride using EPA Method 26A 
• speciated volatile organic compounds using EPA SW -S46 Method 0031 
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Testing and analysis procedures to be used for this project are presented in the 

Environmental Protection Agency (EPA) document Title 40, Code of Federal 

Regulations, Part 60 (40 CFR 60), Appendix A, in the Oregon Department of 

Environmental Quality (ODEQ), Source Sampling Methods, 1992, in the EPA Test 

Methods for Evaluating Solid Waste (SW-S46), Volume IT, Field Manual, in the EPA 

Compendium of Methods for the Determination of Toxic Organic Compounds in 

Ambient Air, and EPA Technology Transfer Network Emission Measurement Center 

(EPA-TTN-EMC) website, Test Methods Section (http://www,epa,gov/ttn/emcD. . A 

brief description of each test method follows: 

Velocity Sample Point Location and Exhaust Flow Determination nnlet/Outlet) 

The flare stack has an inside diameter of liS inches. There are four sample ports at the 

same elevation spaced 90 degrees apart around the circumference. EPA Method 1 

procedures will be used to assure that representative measurements of volumetric flow 

rate are obtained by dividing the cross-section of the stack or duct into a number of equal 

areas, and then locating a traverse point within each of the equal areas. EPA Method 2 

will be performed to measure the stack gas velocity using a type S or standard pitot tube, 

and the gas temperature using a calibrated thermocouple probe connected to a digital 

thermocouple indicator. The pitot tubes are connected with tubing to a pressure 

measurement device such as an oil-fIlled inclined manometer, rnagnehelic gauges, or a 

Shortridge® Instruments, Inc. Airdata Multimeter ADM-S50 which is a special low flow 

measurement device. The pitot tube lines are leak-checked and the pressure 

measurement device is leveled and zeroed prior to use. Appropriate pressure and 

temperature measurement device calibration information will be included in the [mal 

report. Stack velocity and temperature data will be collected during all test periods. 

Molecular Weight nnlet) 

EPA Method 3C will be performed to determine the fixed gas composition (percent 

levels) of the flare inlet gas stream. Carbon dioxide, carbon monoxide, oxygen, nitrogen 

and methane will be analyzed from the gas collected in the Method 25C canisters. The 

analysis will be performed using a gas chromatograph equipped with a thermal 
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conductivity detector (GCrrCD). Gas composition data will be collected during all test 

periods. 

Molecular Weight (Outlet) 


EPA Method 3A will be performed to determine the percent (%) level concentration of 


oxygen (02) and carbon dioxide (C02) in the stack gas. O2 will be measured using a 


paramagnetic analyzer. C~ will be measured using a non-dispersive infrared (NDIR) 


analyzer. Concentrations will be recorded in dry parts per million (ppm) at least once per 


minute using a data acquisition system and averaged. Prior to testing, a calibration error 


check will be performed using low, mid, and high-level EPA Protocol No. 1 calibration 


gases. Sampling system bias and calibration drift tests will be also be performed before 


and after the sample runs to check the drift of the analyzers and bias-correct the data. 


Molecular weight data will be collected during all emission test periods. 

Moisture Determination (Inlet) 


Oregon Department of Environmental Quality (ODEQ) Method 4 psychrometric 


moisture calculations will be used to calculate moisture using wet bulb and dry bulb stack 


gas temperatures. Moisture data will be collected during all test periods. 


Moisture Determination (Outlet) 


EPA Method 4 is performed inclusively with Method 26A to measure the moisture 


content of the stack gas for calculating the volumetric flow rate and molecular weight on 


a dry basis. The impingers for each high-flow sample train will be weighed before and 


after each run. 


Gaseous Emissions Sampling Points (Outlet) 


Prior to beginning of testing for gaseous emissions the stratification check required in 


Method 7E will be conducted. The stratification check is conducted at twelve (12), 


Method 1 traverse points. Sampling at each point is conducted for a minimum of twice 


the system response time. If the variation between the value at anyone point and the 
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mean is not greater than ± 5% or ± 0.5 ppmV (whichever is less restrictive) thcn the 

sampling will be conducted at the point closest to the mean average concentration. If the 

variation between the value at anyone point and the mean is not greater than ± 10% or ± 

1.0 ppm (whichever is less restrictive) then the sampling can be conducted at three 

points. Since the stack diameter is greater than 2.4 meters the sample points will be 

located at 0.4, 1.0 and 2.0 meters along the measurement line that exhibited the greatest 

degree of stratification. If neither of the preceding criteria is met then sampling will be 

integrated across all of the Method 1 traverse points. Since sulfur dioxide, nitrogen 

dioxide and carbon monoxide are being measured the gas that exhibits the most 

stratification will determine the sampling points used. 

Sulfur Dioxide (Outlet) 

. .' 	 Tn>A Method 6C will be performed to quantify emissions of sulfur dioxide (S02) using an 

ultraviolet (UV) analyzer. The S02 concentration will be recorded in dry parts per 

million (ppm) once per minute using a data acquisition system. Prior to testing, a 

calibration error check will be performed using low, mid, and high-level EPA Protocol 

No.1 calibration gases. Before and after each test run, a system calibration bias and drift 

test will be performed to check the drift of the analyzer and biases correct the data. Three 

120-minute Method 6C runs will be peiformed at the outlet ofthe flare. 

Nitrogen Oxides (Outlet) 

EPA Method 7E will be performed to quantify emissions of nitrogen oxides (NO.) using 

a chemiluminescent analyzer. NOx concentrations will be recorded in dry parts per 

million (ppm) at least once per minute, using a data acquisition system, and averaged. 

Prior to testing, a calibration error check will be performed using low, mid, and high­

level EPA Protocol No. 1 calibration gases. Before and after each test run, a system 

calibration bias and drift test will be performed to check the drift of the analyzer and 

biases correct the data. A Method 7E analyzer N02 to NO converter efficiency test will 

also be completed along with this test series. Three 120-minute runs will be performed at 

the outlet ofthe flare. 
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EPA Method 10 will be performed to quantify emissions of carbon monoxide (CO) using 

a gas filter correlation non-dispersive infrared (NDIR) analyzer. CO concentrations will 

be recorded in dry parts per million (ppm) at least once per minute using a data 

acquisition system, and averaged. Prior to testing, a calibration error check test will be 

performed using low, mid, and high-level EPA Protocol No.1 calibration gases. Before 

and after each test run, a system calibration bias and drift test will be performed to check 

the drift of the analyzer and biases correct the data. Three 120-minute runs will be 

performed at the outlet of the flare . 

Nonmethane Organic Compounds (NMOq Unlet) 

EPA Method 25C will be used to obtain the concentration of non-methane organic 

compounds (NMOC) at the inlet to the flare. This method obtains an integrated sample 

over a two hour time period by using an evacuated sample tank to pull a constant rate 

sample from the duct into the tank. The NMOC analysis of the tank samples consist of a 

fore flush and back flush of a gas chromatograph (GC) column followed by an oxidizer, 

methanizer, and a flame ionization detector (FID). The GC separates the VOC 

component from the sample, the oxidizer converts the VOC to carbon dioxide, and the 

methanizer converts the resulting carbon dioxide to methane. The results are deterruined 

by the FID in units of parts per million by volume as carbon (ppmC). Four 120-minute 

Method 25 C samples will be collected at the flare inlet. There will be two single sample 

runs and one run where duplicate samples are collected. 

Non-methane Organic Compounds <NMOq (Outlet) 

EPA Method 25A will be used to determine the non-methane orgaruc compound 

emissions concentration. The standard Method 25A procedure for total hydrocarbons 

would be modified by simultaneously measuring both total hydrocarbons and methane 

concentrations with a special dual-flame iouization detector. The J.U.M. Model I09A 

dual-flame ionization detector (FID) analyzer has matched dual hydrogen flame detectors 

(FID) that separate parts per million (ppm) total hydrocarbons (THC) and methane (CEL!) 

emissions. This use of a non-methane organic analyzer/flame ionization detector is 
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discussed as an alternative to Method 25 in the opening paragraphs of Method 25. This 

modified Method 25A procedure has the advantage of providing real-time NMOC 

readings. For each test period, NMOC emission concentrations would be calculated by 

subtracting C~ emission concentration from the THC emission concentration. A heated 

sample line with a minimum operating temperature of 3740 F would introduce gas to the 

analyzer on a hot, wet basis. The stack gas is introduced into the first (#1) detector 

directly via sample capillary and into the second (#2) detector via a proprietary design 

non-C~ hydrocarbon cutter. The cutter oxidizes and removes all hydrocarbons except 

C~. The outputs of the two (2) detectors are coupled to individual electrometers. The 

dual detector and electrometer designs provide a real-time analysis of THC and CH•. 

Both the THC FID and the CH4 FID would be calibrated and output as C~. THC and 

C~ concentrations would be recorded in wet ppm at least once per minute using a data 

acquisition system and averaged. Moisture data collected concurrently would be used to 

convert the wet ppm data to a dry ppm basis. Method 25A samples will be collected at a 

point of average velocity in the stack. Before testing, an analyzer calibration error test 

will be performed using zero, low, mid, and high-range C~ calibration gases. Before 

and after each test run, a system calibration bias and drift test would be performed. Three 

120-minute Method 25A runs will be conducted at the flare outlet. 

Hydrogen Chloride. Hydrogen Fluoride (Outlet) 

EPA Method 26A will be performed to quantify emissions of hydrogen chloride (HCI) 

and hydrogen fluoride (HF) using an isokinetic sampling technique and a high flow 

sample train. The sample train will utilize two (2) impingers containing 0.1 N sulfuric 

acid (H2S04), followed by an empty impinger and an additional impinger containing 

silica gel. Because no analysis of chlorine (Ch) will be performed, impingers containing 

0.1 N sodium hydroxide (NaOH) will not be included in the sample train. The H2S04 

solutions are analyzed for chloride and fluoride using ion chromatography (IC) by EPA 

Method 300.0. A blank solution of H2S04 absorbing reagent is prepared for analysis 

with the field samples. Three 120-minute Method 26A runs will be performed at the flare 

outlet. 
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Volatile Organic Compounds (Inlet) 

EPA Compendium Method TO-14A analysis will be performed on the samples collected 

in the Method 25C canisters for speciated VOC analysis. The samples will be analyzed 

using a gas chromatograph equipped with a mass spectrometer detector (GC/MS) for a 

selected list of volatile organic compounds. 

Volatile Organic Compounds (Outlet) 

A sampling method for volatile organic compounds (SMVOC) sample train is detailed in 

Method 0031 of SW-846. SMVOC sampling is performed by absorbing and 

concentrating samples In sorbent modules packed with Tenax®-GCrrenax®­

GC/Anasorb®-747 resins. Liquid condensate is collected in an impinger placed between 

the 2 Tenax-GC traps and the Anasorb-747 trap. The first and second traps contain 1.6 

grams (g) of Tenax-GC each, and the third trap (back trap) contains 5.0 g of Anasorb­

747. The tubes are prepared and conditioned by the subcontract analytical laboratory. A 

set of laboratory blanks remain in the laboratory and would be analyzed in the case where 

high levels of VOCs are found on either of the trip or field blanks. 

The glassware which is used in the SMVOC is sonicated for one hour in a solution of 

laboratory detergent, rinsed thoroughly with hot water, rinsed three times with HPLC 

grade water, baked at a high temperature in a solvent-free oven, and the ends are capped 

with glass plugs and stoppers or stainless steel fittings (or prec1eaned foil) prior to use. A 

heated glass-lined probe is used to extract a sample from the stack. The probe is 

connected to an isolation valve and charcoal trap. Once the gas passed through the 

probe, it enters an ice water-cooled glass coil condenser to cool the gas to below 20° C, 

through two sorbent tubes packed with Tenex-GC resin, through an empty knock-out trap 

for condensate removal, through a second water-cooled glass condenser, through a third 

sorbent tube containing Anasorb-747, through a silica gel drying tube, through a 

calibrated rotometer, through the sample pump, and through a dry gas meter. 

The sample train is assembled and leak checked prior to the start of each run. The probe 

is positioned at a point of average velocity in the duct. Sampling is started and the 
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sampling rate is adjusted to a rate of 0.5 liters per minute (Lpm). Forty minutes into the 

run the first set of tubes is switched out. Before a set of tubes is changed, the dry gas 

meter reading is recorded and a post-test leak check is performed according to SMVOC 

procedures. After using a set of tubes, the sorbent modules are sealed and packed in a 

cooler with ice packs for shipment to the analytical laboratory. The tubes are switched 

three times during each test run for a total of four sets of tubes for each run. The fourth 

set of tubes is held as a backup and is analyzed only if there is a problem with one of the 

other three sets for that run. A field blank sample train and a set of tubes are assembled, 

leak tested and recovered on-site for analysis to check the integrity of the glassware and 

preparation of the sample tubes for each run. The ends of the sorbent modules are sealed 

and the tubes labeled as field blanks. One set of unopened tubes remains in the container, 

which is used to store and transport the samples. The unexposed set of tubes is labeled as 

the trip (or transport) blank. The samples will be submitted to Sevem-Trent Laboratories 

of Knoxville, Kentucky for analysis using EPA SW-846, Method 8260B for volatile 

organic compounds. For each set of tubes, the first two Tenex-GC tubes are combined 

and analyzed as a single sample. The Anasorb-747 tubes are analyzed individually. 

Three Method 0031 test runs, each run consisting offoursets oftubes, will be performed. 

Each run will be 160 minutes long. 

Process Data 

It will be the responsibility of Parametrixlsite personnel to provide Am Test with the 

process data necessary to be included in the final report. The data will include at a 

minimum the operating temperatures and flow rates for the flares being tested and a 

qualitative description of the areas in the landfill from which gasses were being drawn. 

Site Provisions 

Per 40 CFR 60 Subpart A, Section 60.8 the source is responsible for providing at each 

sample location: I) Sampling ports which meet EPA minimum requirements for testing; 

2) Safe sampling platforms; 3) Safe access to the platforms; 4) Sufficient utilities to 

perform all necessary testing. 
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Reporting 

Within 45 days after the testing is completed, ATAQ will submit four (4) copies of a final 

report to Parametrix. Each report will be a formal, bound document containing 

information about the source, dates and times of each test, details of sampling and 

analysis procedures, quality assurance procedures, and a discussion of how the results 

were calculated, along with example calculations. Results will be presented in emission 

concentration units and mass emission rate units consistent with what was presented in 

2003. It will be the responsibility of ParametrixiCity of Tacoma to forward a copy of the 

final report to the appropriate agencies. 

Schedule 

The field portion of this project would require a four-person test team two days to 

complete. The first day the test team would travel to Tacoma that morning and set up on 

the flare to be tested. That afternoon the first run of all methods would be conducted. 

The samples would be recovered and the equipment secured for the night. The following 

day the team would return to the site and perform the remaining two runs of all methods, 

after which the equipment would be packed up and the test team returns to our Preston 

office. 

Please contact me at (425) 503-2357 or jimg@amtestairguality.com if I may provide 

additional information or clarification. 

Sincerely, 
AmTest Air Quality 
A Division of Hoefler Consulting Group 

J.Jl quentlioer 

James A. Guenthoer 
Manager 
Source Testing Services 
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1.0 
INTRODUCTION 

I 

The purpose of this project was to determine exhaust emIssIon values of selected 

pollutants during typical operation of one of the two Perennial Energy Company landfill 

gas (LFG) combustors (#1 Perennial Flare) at the City of Tacoma Public Works 

Department's Tacoma Landfill in Tacoma, Washington. The gases produced from the 

decomposition of buried organic wastes are extracted and piped to the combustors where 

they are burned prior to emitting the gases to the atmosphere. Parametrix, Inc. contracted 

AmTest Air Quality (ATAQ) of Preston, Washington, a Division of Hoefler Consulting 

Group, to perform these tests to demonstrate compliance with Puget Sound Clean Air 

Agency (PSCAA) air permit requirements. Testing was performed simultaneously at the 

inlet and outlet of the #1 Perennial Flare on July 19-20, 2007. Three runs of each test 

method were performed simultaneously at the flare inlet and outlet. 

The parameters measured at the #1 Perennial flare inlet included: 

• gas temperature and airflow using EPA Methods IA and 2 
• inlet fixed gases O2, CO2, CO, N2, and C~ using EPA Method 3C 
• gas moisture content using Oregon Department of Environmental Quality (ODEQ) 

Method 4 psychrometry 
• non-methane organic compounds (NMOC) using EPA Method 25C 
• speciated volatile organic compounds (VOC) using EPA Method TO-14A 

The parameters measured at the #1 Perennial flare outlet included: 

• gas temperature and airflow using EPA Methods 1 and 2 
• combustion gases and mo lecular weight using EPA Method 3A 
• gas moisture content using EPA Method 4 
• sulfur dioxide (S02) using EPA Method 6C 
• nitrogen oxides (NO,) using EPA Method 7E 
• carbon monoxide (CO) using EPA Method 10 
• non-methane organic compounds (NMOC) using EPA Method 25A 
• hydrogen chloride (HCI) and hydrogen fluoride (HF) using EPA Method 26A 
• speciated VOC using EPA SW-846 Method 0031 
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Testing and analysis procedures used for this project are presented in the Environmental 

Protection Agency (EPA) document Title 40, Code of Federal Regulations, Part 60 (40 

CFR 60), Appendix A, Methods 1, IA, 2, 3A, 3C, 4, 6C, 7E, 10, 25A, 25C, and 26A; in 

the DDEQ Source Sampling Methods, 1992; in the EPA Test Methods for Evaluating 

Solid Waste (SW-846), Volume II, Field Manual, Method 0031; in the EPA Compendium 

of Methods for the Determination of Toxic Drganic Compounds in Ambient Air, Method 

TD-14A; and the EPA Technology Transfer Network Emission Measurement Center 

(EPA-TTN-EMC) website, Test Methods Section (www.epa.gov/ttn/emcL). 

EPA Methods I, IA, and 2 were performed to measure the stack gas velocity and 

temperature for calculating the volumetric flow rate, EPA Method 3A was performed to 

determine the molecular weight of the stack gas based on measurements of the 0.2 and 

Co.2 concentration at the flare outlet. EPA Method 3C was performed to determine the 

molecular weight of the flare inlet gas based on percent levels of fixed gases (0.2 , CD 2, 

CD, nitrogen (N2), and methane (CH4». The 3C analysis was performed on the integrated 

samples collected in electro polished SUMMA® canisters for TD-14A analysis. EPA 

Method 4 was performed to measure the moisture content of the stack gas at the flare 

outlet. Moisture content of the flare inlet gas was determined using psychrometry. EPA 

Method 6C was performed to quantity SD2 emissions at the flare outlet using an 

ultraviolet analyzer. EPA Method 7E was performed to quantify NO., emissions at the 

flare outlet using a chemiluminescent analyzer. EP A Method 10 was performed to 

quantify CD emissions at the flare outlet using a gas filter correlation non-dispersive 

infrared (NDIR) analyzer. EPA Method 25C was performed to quantify non-methane 

organic compounds (NMDC) from the integrated samples collected at the flare inlet for 

TD-14A analysis. EPA Method 26A was performed at the flare outlet to quantify 

emissions of HCI and HF. VDC were collected at the flare inlet using Method TD-14A. 

VDC were collected at the flare outlet using Method 0031. 

www.epa.gov/ttn/emcL
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Mr. Kevin E. Farwell, Mr. Ryan D. Radonski, Mr. Kevin E. Farwell, Jr., and Mr. Trevor 

W. Gray of ATAQ conducted the field sampling. ATAQ's laboratory, technical writing, 

and management staff performed the sample recovery, laboratory analysis, data reduction, 

report preparation, and quality assurance review. Laboratory analyses were performed by 

Atmospheric Analysis and Consulting, Inc. (AAC) of Ventura, California and Severn 

Trent Laboratories of Knoxville, Tennessee. Mr. Steve Emge of Parametrix, Inc. 

coordinated this project on behalf of the City of Tacoma Public Works Department. Mr. 

Mike Gore represented the City of Tacoma. 
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SUMMARY OF RESULTS 

The following subsections of this report present the results for this emission evaluation. 

The order of presentation is by method number in most cases. Inlet data are presented 

before outlet data. Summary tables are included for each type of analysis and present the 

results from each run and the average for each set of three runs. Refer to the Table of 

Contents to locate specific information. The summary tables in this section contain 

information obtained from computer printouts of results for each individual run which are 

included in Appendix A of this report. Appendix B of this report contains copies of the 

original laboratory data. Appendix C of this report contains example calculations of 

results and copies of the original field data sheets and raw gaseous emission data. 

Appendix 0 of this report contains miscellaneous supporting information and schematics 

of the sample trains utilized. An overview of the quality assurance requirements; 

discussions of any exceptions to the test plan, sampling, or analysis; and/or any process 

difficulties may be found in Section 3.0, "Project Overview/Exceptions," of this report. 

It should be noted throughout the following data tables that if the result for a single run is 

flagged with the letter "U" (indicating it was undetected, or less than the detection limit 

(OL)), the result for that run is presented as the calculated detection limit flagged with the 

letter "U" and that run is counted as zero (0) in the 3-run average. When all three runs are 

reported as "U," the average is reported as the average detection limit and is flagged with 

a "0." If some, but not all of the runs are "U" then the average is presented as an 

estimated value and is flagged with the letter "J." 
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2.1 Velocity, Temperature, and Airflow - Flare Inlet 

The results of the nine moisture and airflow runs performed at the inlet to the # I Perennial 

Flare on July 19-20, 2007 are summarized on the following computer printouts titled 

"Summary of Results - EPA Methods I, 2, 3C, and 4." Three inlet airflow runs (labeled 

A, B, and C) were performed concurrently with each M0031 run at the outlet. Each set of 

three runs (A, B, and C) was averaged to obtain the overall run average. 

The average temperature of gas at the flare inlet was 93.3°F. The moisture ofthe inlet gas 

was measured using psychrometry. The velocity of the gas at the inlet to the flare 

averaged 25.1 feet per second, and the average airflow of landfill gas into the flare was 

769.3 dry standard cubic feet per minute (dscf/min). 



File Name: 
Client: 
Location: 
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AIR QUAliTY, llC 

SUMMARY OF RESULTS - EPA METHODS 1, 2, 3C, AND 4 
PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-001\PX@CTL-M1-4 INLET 
Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 

Perennial #1 Landfill Gas Com buster Inlet 

Run 1A Run 1B Run 1C Average R1 

Lab #: 

Date: 7/19/07 7/19/07 7/19/07 

Start Time: 1510 1620 1730 
Stop Time: 1520 1630 1740 

Wet Bulb Temperature (OF): 78.0 78.0 78.0 
Dry Bulb Temperature (OF): 96.4 96.4 96.4 
Psychrometric Moisture (%): 2.55 2.55 2.55 2.55 

Barometric Pressure ("Hg): 29.70 29.7 29.7 29.70 
Static Pressure ("H2O): 5.B 6.4 6.2 6.1 

Stack Pressure ("Hg): 30.13 30.17 30.16 30.15 

Stack Temperature (OF): 104.6 101 3 96.2 100.7 

Stack Temperature (OR): 564.6 561.3 556.2 560.7 

Average Concentration O2 (%): 3.4 3.4 3.4 3.4 

Average Concentration CO2 (%): 22.3 22.3 22.3 22.3 

Average Concentration CH.4 (%): 24.7 24.7 24.7 24.7 

Molecular Weight (dry, gig-mole): 28,74 28.74 28.74 2B.74 

Molecular Weight (wet, gig-male): 28.47 28.47 28.47 28.47 

Average Velocily Head ("H,o): 0.149 0.143 0.146 0.146 

Pitot Tube C.: 0.99 0.99 099 

Stack Gas Velocity (fUsec): 26.5 25.9 26.1 26.1 
Stack Area (ft2): 0.545 0545 0545 
Stack Gas Airnow (dscf/min): 795.9 782.8 7948 791 .2 

Stack Gas Ainnow (ad/min): 867.4 846.9 852.5 855.6 



File Name: 
Client: 
Location: 
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AIR QUAliTY, llC 

SUMMARY OF RESULTS - EPA METHODS 1, 2, 3C, AND 4 
PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-001IPX@CTL-Ml-4 INLET 
Parametrix @ Cily of Tacoma Landfill 
Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Inlet 

Run 2A Run 2B Run 2C Average R2 

Lab #: 
Date: 7/20/07 7/20/07 7/20/07 

Slart Time: 0831 0931 1031 

Stop Time: 0841 0941 1041 

Wet Bulb Temperature ('F): 76,0 76.0 76.0 

Dry Bulb Temperature ('F): 87.9 87.9 87.9 

Psychrometric Moisture (%): 2,58 2.58 2.58 2,58 

Barometric Pressure ("Hg): 29.65 29.65 29.65 29.65 
Static Pressure ("H,o): 6.2 6.2 6.2 6.2 

Stack Pressure ("Hg): 30.11 30.11 30.11 30.11 

Stack Temperature ('F): 84.5 85.9 100.6 90.3 

Stack Temperature ('R): 544.5 545.9 560.6 550.3 

Average Concentration O2 (%): 3.1 3.1 3.1 3.1 

Average Concentration CO2 (%): 22.7 22.7 22.7 22.7 

Average Concentration CH4 (%): 25.4 25.4 25.4 25.4 

MOlecular Weight (dry, gig-mole): 28.71 28.71 28.71 28.71 

Molecular Weight (wet, gig-mole): 28.43 28.43 28.43 28.43 

Average Velocity Head ("H2O): 0.135 0.125 0.136 0.132 

Pitol Tube Cp: 0.99 0.99 0.99 

Stae!< Gas Velocity (ftlsec): 24.8 23.9 25.3 24.6 

Stack Area (ft'l: 0.545 0.545 0.545 

Stack Gas Airnow (dscf/min): 770.1 740.4 763.9 758.2 

Stack Gas Airnow (act/min): 810.1 781.0 827.3 806.1 



File Name: 
Client: 
Location: 
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AIR QUALITY, LLC 

SUMMARY OF RESULTS - EPA METHODS 1, 2, 3C, AND 4 
PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-001IPX@CTL-M1-4INLET 
Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Inlet 

Run3A Run 3B Run3C Average R3 

Lab#: 

Dale: 7/20/07 7/20107 7/20107 
Start Time: 1138 1238 1338 

Stop Time: 1148 1248 1348 

Wet Bulb Temperature (OF): 80.0 80.0 80.0 
Dry Bulb Temperature (OF): 93.3 93.3 93.3 

Psychrometric Moisture (%): 2.95 2.95 2.95 2.95 

Barometric Pressure (OIHg): 29.65 29.65 29.65 29.65 
Sialic Pressure ("H,O): 6.4 6.3 6.5 64 

Stack Pressure ("Hg): 30.12 30.11 30.13 30.12 

Stack Temperature (OF): 87.0 87.2 927 89.0 

Stack Temperature (OR): 547.0 547.2 552.7 549.0 

Average Concentration O2 (%): 3.3 3.3 3.3 3.3 

Average Concentration CO2 (%): 22.6 22.6 22.6 226 

Average Concentration CHoII (%): 25.1 25.1 25.1 25.1 

Molecular Weight (dry, gig-mole): 28.74 28.74 2874 28.74 

Molecular Weight (wet, gig-mole): 28.42 28.42 28.42 28.42 

Average Velocity Head ("H,O): 0.133 0.126 0.138 0.133 

Pitot Tube Cp: 0.99 0.99 0.99 

Stack Gas VelOCity (ft/sec): 24.7 24.1 25.3 24.7 

Stack Area (It'): 0.545 0.545 0.545 

Stack Gas Airtlow (dscf/min): 761.8 742.4 771.7 758.6 

Stack Gas Airtlow (acf/min): 807.8 787.6 826.7 807.4 
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2.2 EPA Method 3C and 25C, Flare Inlet 


Fixed gases, including oxygen (02) , carbon dioxide (C02), carbon monoxide (CO), 


nitrogen (N2), and methane (CRt), were quantified in percent levels at the inlet to the flare 


by Atmospheric Analysis and Consulting, Inc. using the gas co llected in SUMMA·' 


canisters for TO-14A analysis. Three runs were performed at the flare inlet on July 19-20, 


2007. During run 3, a duplicate SUMMA ® canister was collected simultaneously. The 


samples were labeled runs 3A and 3B. The results are summarized on the following 


computer printout titled "Summary of Results - EPA Methods 3C and 25C." 


Copies of the original laboratory analysis data supplied by Atmospheric Analysis and 

Consulting, Inc. are included in Appendix B of this report and are presented in percent 

(%) or parts per million (ppm). The four inlet gas samples were analyzed for fixed gases 

using a gas chromatograph equipped with a thermal conductivity detector (TCD) by EPA 

Method 3C. Non-methane organic compounds as methane (NMOC as CRt) were 

analyzed using a gas chromatograph equipped with a flame ionization detector (OC-FID) 

by EPA Method 25C. 
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AIR QUAliTY, llC 

SUMMARY OF RESULTS - EPA METHOD 3C AND 25C 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001IPX@CTL GASSUM-INLET 
Client: Parametrix @ City of Tacoma Landfill 
Location: Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Inlet 

Run 1 Run 2 Run3 Average 

Dale: 7/19/07 7/20107 7/20107 
Start Time: 1510 0831 1138 
Slop Time: 1730 1031 1338 
Sample Length (minutes): 120 120 120 

Slack Gas Airflow (dscflmin): 791.2 758.2 758.6 769.3 

OXYGEN (a,) 

O2 Detection Limit (%): 0.1 0.1 0.1 0.1 

O2 Emission Concentration (%): 3.4 3.1 3.3 3.3 

O2 Emission Concentration (ppm): 34000 31000 33000 32667 

O2 Emission Rate (Iblhr): 134.1 117.1 1248 125.3 

NITROGEN (N, ) 

N2 Detection limit (%): 0.1 0.1 0.1 0.1 

N2 Emission Concentration (%): 49.5 48.7 48.9 49.0 

N2 Emission Concentration (ppm): 495000 487000 489000 490333 

N2 Emission Rate (Jb/hr): 1708.4 1610.5 1618.2 1645.7 

CARBON DIOXIDE (CO,) 

CO2 Detection Limit (%): 0.1 0.1 0.1 0.1 

CO2 Emission Concentration (%): 22.30 22.7 227 226 

CO2 Emission Concentration (ppm): 223000 227000 226500 225500 

CO2 Emission Rate (Ib/hr): 1209.3 1179.5 1177.7 1188.8 

CARBON MONOXIDE !COI 

CO Detection Limit (%): 0.1 0.1 0.1 0.1 

CO Emission Concentration (%): 0.1 U 0.1 U 0.1 U o 1 U 

CO Emission Concentration (ppm): 1000 U 1000 U 1000 U 1000 U 

CO Emission Rate (Ib/hr): 3,45 U 3.31 U 3.31 U 336 U 

METHANE (CH,i 

CH4 Detection Limil (%): 0.1 0.1 0.1 0.1 

CH4 Emission Concentration (%): 24.7 25.4 25.2 25.1 

CH4 Emission Concentration (ppm): 247000 254000 251500 250833 

CH4 Emission Rate (Ib/hr): 4BB 2 481.0 476.6 481 9 

NON-METHANE ORGANIC COMPOUNDS (NMOC) 

NMOC Detection Limit as CH4 (ppm); 1.0 1 0 1.0 1.0 

NMOC Emission Concentration as CH4 (ppm): 738 756 454 649 

NMOC Emission Rate as CH4 (Iblhr): 1,46 143 0.860 125 

U = Undetected at specified reporting limit 
J = Approximate value. This is assigned when one or more of multiple runs is under the detection limit, but at least one of the other runs IS above the detection limit 

and zero is used for those values under the detection limit in calculating the average. 
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2.3 EPA Methods 3A, 6C, 7E, 10, and 25A, Flare Outlet 

Three 120 to -240-minute EPA Method 3A, 6C, 7E, 10, and 25A runs were performed at 

the flare outlet to quantify emissions of sulfur dioxide (S02), nitrogen oxides (NO,), 

carbon monoxide (CO), total hydrocarbons (THe), and methane (CRt). The results are 

summarized on the following computer printouts titled "Summary of Results - EPA 

Methods 3A, 6C, 7E, and 10" and "Summary of Results - EPA Methods 3A and 25A." 

S02, NO" and CO concentration were measured in dry parts per million (ppm) and CH. 

and THC concentrations were measured in wet ppm as Cft, continuously during each test 

period using instrumental analyzers . Percent (%) levels of oxygen (02) and carbon 

dioxide (C02) were also measured. O2, CO2, S02, NO" CO, CRt, and THC emission 

concentrations were recorded at least once per minute during each test period and 

averaged. A system calibration bias and drift check was performed before and after each 

run. The bias-corrected averages are reported and used in emission rate calculations. 

Stack gas moisture data from concurrent Method 26A runs were used to convert CH. and 

THC data from a wet basis to a dry basis. CRt and THC emission concentrations and 

emissions rates were reported as methane (CH.). Airflow data were utilized to calculate 

S02, NO,. CO, CH., and THC emission rates in units of pounds per hour (Ib/hr). Non­

methane organic compounds (NMOC) results were calculated by subtracting CH. 

emission rates from THC emission rates, in pounds per hour (Ib/hr). 
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AIR QUALITY, llC 

SUMMARY OF RESULTS - EPA METHODS 3A, 6C, 7E, AND 10 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001lPX@CTL GASSUM-OUT 
Client: Parametrix @ City of Tacoma Landfill 
Location: Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Outlet 

Date: 
Start Time: 
Stop Time: 
Sample Length (minutes): 

Run 1 

7/19/07 
1510 
1732 
240 

RUn 2 

7/20107 
0831 
1031 
120 

Run 3 

7/20107 
1138 
1338 
120 

Average 

Oxygen (%): 
Slack Gas Airflow (dscf/min): 

11.7 
9792.7 

13.6 
10933 

11.8 
10551 

12.3 
10426 

EPA METHOD 6C 
SULFUR DIOXIDE (S02) 

S02 Detection Limit (ppm): 

802 Emission Concentration (ppm): 

802 Emission Rate (lb/hr): 

0.1 
0.2 

0.022 

0.1 
3.5 

0.378 

0.1 
4.2 

0.445 

0.1 
2.6 

0.282 

EPA METHOD 7E 
NITROGEN OXIDES (NO,) 

NO,,; Detection Limit (ppm): 
NO" Emission Concentration (ppm): 

NOlO: Emission Rate (lb/hr): 

0.1 
10.6 

0.746 

0.1 
9.8 

0.770 

0.1 
13.0 

0.980 

0.1 
111 

0.832 

EPA METHOD 10 
CARBON MONOXIDE (CO) 

CO Detection Limit (ppm): 

CO Emission Concentration (ppm): 

CO Emission Rate (Ib/hr): 

1.0 
45.9 
1.96 

1.0 
43.9 
209 

1.0 
59.4 
2.73 

1.0 
49.7 
2.26 

U = Undetected a\ specified reporting limit 
J =ApproXimate value. This is assigned when one or more of mUltiple runs is under the detection limit. bul alleasl one of lhe other runs is above the delectlon limil 

and zero IS used ror those values under the detection !tmll in calculating the average. 
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AIR QUALITY. LlC 

SUMMARY OF RESULTS - EPA METHOD 2SA 

NON METHANE ORGANIC COMPOUNDS 


AMTEST AIR QUALITY. A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752-001IPX@CTL GASSUM-OUT 
Client: Parametrix @ City of Tacoma landfill 
Location: Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Outlet 

Run 1 Run 2 Run 3 Averase 

Date: 7/19/07 7/20/07 7/20/07 
Start Time: 1510 0831 1138 
Stop Time: 1732 1031 1338 
Sample Length (minutes): 240 120 120 

Moisture (B.,): 0.0817 0.0758 0.0867 0 .0814 
Oxygen (%): 11 .7 13.6 11.8 12.3 
Stack Gas Airflow (dscf/min): 9792.7 10933 10551 10426 

EPA METHOD 25A 
TOTAL HYDROCARBONS (THC as Methane) 

THC Detection Limit (dry - ppm): 1.0 1.0 1.0 1.0 

THe Emission Concentration (wet - ppm): 10.2 12.8 12.4 11.8 

THe Emission Concentration (dry - ppm): 11 .1 13.8 13.6 12.8 

THe Emission Rate (Iblhr): 0.272 0378 0.358 0.336 

EPA METHOD 25A 
METHANE (CH.,) 

Methane Delection Limit (dry - ppm): 1.0 1.0 1.0 1.0 

Methane Emission Concentration (wet - ppm): 11 .2 125 16.1 13.3 

Methane Emission Concentration (dry - ppm): 12.2 13.5 17.6 14.5 

Methane Emission Rate (Ib/hr): 0.298 0.369 0.465 0.377 

EPA METHOD 25A 
NMOC (as Methane) 

NMOC Delection Limit (ppm): 1.0 1.0 1.0 1.0 

NMOC Detection Limit (Iblhr): 0.024 0.027 0.026 0.026 

NMOC Emission Rate (Ib/hr): 0.024 U 0.009 U 0.026 U 0.020 U 

NMOC Emission Concentration (dry - ppm): 1.0 U 0.3 U 1.0 U 0.8 U 

EPA METHOD 25A 
NMOC (as Carbon) 

NMOC Detection Limit (as carbon (ppm): 1 0 1.0 1.0 1.0 
NMOC Detection Limit (as carbon (Ib/hr)): 0.018 U 0020 0.020 0.013 

NMOC Emission Concentration (as methane (dry-ppm»: 1.0 U 0.3 U 1.0 U 0.8 U 

NMOC Emission Concentration (as carbon (dry-ppm» : 1.0 U 0.3 U 1.0 U 0.8 U 
NMOC Emission Rate (Iblhr): 0.01 B U 0.007 U 0.020 U 0.015 U 

U =Undetected at specified reporting limit 
J =Approximate value. This is assigned when one or more of multipfe runs is under the detection lim:l. but alleasl one of the alller runs is above the de:echon limil 

and zero IS usee! tOf' those values under the detection limit in calculating lhe average. 
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2.4 Destruction Efficiency - Non-Methane Organic Compounds (NMOC) 

To calculate the non-methane organic compound destruction efficiency (DE) of the flare, 

NMOC emission rates at the flare inlet were compared to the NMOC emission rates at the 

flare outlet. The destruction efficiency is the amount of VOC destroyed through 

incineration, expressed on a percentage basis. Destruction efficiencies were calculated 

based on the average emission rate ofNMOC in pounds per hour (Ib/hr) at the inlet (using 

EPA Method 25C) compared to the outlet (as measured using EPA Method 25A). 

Results are summarized on the following computer printout titled, "VOC Destruction 

Efficiency - EPA Methods 25C and 25A." 



Client: 
Location: 
Date: 
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AIR DUALIT Y, LL C 

VOC DESTRUCTION EFFICIENCY (DE) 

EPA METHODS 25C AND 25A 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-0011PX@CTL GASSUM-INLET 
Parametrix @ City of Tacoma Landfill 
7/19/07 

Perennial #1 Landfill Gas Com buster Inlet 

Run 1 Run 2 RUn 3 Average 

NMOC Emission Rate (Iblhr): 1.46 1.43 0,B60 1.25 

Perennial #1 Landfill Gas Combuster Outlet 

Run 1 Run2 Run 3 Average 

NMOC Emission Rale (Ib/hr): 0.D18 u 0.007 u 0.020 u 0.015 

VOC DESTRUCTION EFFICIENCY (DE) 

>99.99% >99.99% >99.99% >99.99% 

Example Calculations: VOC Destruction Efficiency (DE) 

VOG Destruction Efficiency (DE) = (Inlet (Iblhr) - Oullet (Iblhr)) / Inlet (Iblhr) * 100 % 

VOGDE = ( ) 1 * 100 % 

= >99.99% 

Nate - If the inlet is U then DE = --- ; if the inlet is detected and the outlet is U then DE = >99.99%. 

u 
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2.5 	 EPA Method 26A - Gaseous Chloride (flCl) and Gaseous Fluoride (HF), 
Flare Outlet 

Three 120-minute EPA Method I, 2, 3A, 4, and 26A samples were collected at the #1 

Perennial Flare Outlet on July 19-20, 2007. The Method 26A sample train utilizes 0.1 N 

sulfuric acid (H2S04) solution in a series of impingers which scrub hydrogen chloride 

(HCI) and hydrogen fluoride (HF) from the gas stream. The sulfuric acid solution from 

each train was recovered and analyzed for hydrogen chloride and hydrogen fluoride using 

ion chromatography (Ie). The data was presented by the laboratory as chloride and 

fluoride, which was converted to HCI and HF using a ratio of molecular weights. The 

HCI and HF emission results are summarized on the following computer printout titled 

"Summary of Results - Methods 1, 2, 3A, 4, and 26A." 

Copies of the laboratory analysis results in units of micrograms (Ilg) per sample are 

presented in Appendix B ofthis report. The laboratory results were converted to emission 

concentrations of milligrams per dry standard cubic meter (mg/dscm) and parts per million 

(ppm). Emission rates were calculated in pounds per hour (Ib/hr). Blank correcting the 

results was unnecessary because the blank results were less than the detection limit. 
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AI R QUA L ITY. LLC 

SUMMARY OF RESULTS· EPA METHODS 1. 2. 3,4, AND 26A • HYDROGEN CHLORIDE (HCI) 
AMTEST AIR QUALITY. A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: B752·001\PX@CTl M26A· SUM 
Client: Parametrix@ City of Tacoma landfill 
Location: Tacoma, Washington 

lab#: 
Date' 


SIar1 Time: 


Stop Time: 


Sample Length (mmutes): 


Volume Sampled (n'): 


Volume SamP'ed (dscf): 


Volume Sampled (dscm): 


SlaCK Gas Moisture (0/0)" 


Barometric Pressure rHg): 

StallC Pressure ("H2O): 

SlaCK Pressure ("Hg): 

SlaCK Temperature (·F): 

Slack Temperature (OR): 

Average Concentration O2 (o/a): 

Average Concentration CO2 (%): 

Molecular Weight (dry, g/g·mole): 

Molecular Weight (wet, glg·moIe): 

Average Velocity Head (~H20): 

Pilot Tube Cpo 


Stack Gas Velocity (lVsec) : 


Slack Alea (ft2): 


Stack Gas Airnow (dscf/min) : 


Nozzle Diameter (inches): 


IsokinetJcs (%): 


Hydrogen Chloride (HeI) 

Emission Concentration Results 


Hel EmiSSion Concentration (mg/dscm): 


HCI EmISSIon ConcentrallOn (ppm): 


HCI Emission Rate (Iblhr): 


Hydrogen Fluoride (HF) 

Emission Concentration Results 


HF Emission Concentration (mg/dsan): 


HF Emission Concentration (ppm): 


HF Emission Rate (lblhr): 


Run 1 

4504 

7/19/07 

1510 
1745 

120 

Perennial #1 landfill Gas Com buster Outlet 

Run 2 Run 3 

4505 4506 

7120/07 7/20/07 

0831 1136 

10.2 1351 

120 120 

Averaae Blank 

64 358 

82.052 

2324 

8.17 

95.598 

94.142 
2666 
756 

sa .20B 

85.260 

2415 

8.67 

89388 

87.154 
2.468 

8.14 

2.468 

29.70 
-a.01 

29.70 
13974 

18574 

29.65 
-0.01 

29.65 
12879 
17479 

2965 
-0.01 

29.65 

1411.1 

1871.1 

29.67 
-0.01 

29.67 
1365.5 

1"25.5 

11.7 

7.80 

29.72 
28.76 

13.6 
6.30 

29.55 

28.68 

11 6 

7.70 

2970 

28.69 

12.4 

727 

29.66 

2871 

124 

0.006 

0.84 

8.29 

75.9 

9792.7 

0.007 
oB4 

667 

759 

10933 

0.007 

0.84 

9.07 

75.9 

10551 

0.007 

666 

10425 10<125 

0.974 

103 

0974 
105 

0.974 

99 

0.974 

0.642 

0.036 

0694 

0458 

0.028 

0.894 

0590 

0035 

0.854 

0.563 

0.033 

0.008 

0006 

00003 

U 

U 

U 

0770 

0926 

0.028 

0.514 

0.617 

0021 

0523 

0.629 

0021 

0.602 

0724 

0023 

0009 

0010 

00003 

U 
U 

U 

Results are blank corrected. tf the blank is U, :hen a is 5ublnlcted from the sample result! If the sample minus the blank IS U, then lhe result is the detection limit 

U =Unde:ected al speCified reporting limit. 

J =Estimated value. This is assigned when one or more of mullipte runs is under the detection limit, but at teast one of the other runs Is above the detecuon limit. 


Zelo IS used ror \hose values under lhe delection limit in calcutating lhe average. 
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2.6 EPA Method TO-14A - Volatile Organic Compounds (VOC), Flare Inlet 

Three 120-minute EPA Method TO-14A samples were collected at the flare inlet on June 

19-20, 2007 to quantify volatile organic compound (VOC) emissions. During run 3, a 

duplicate SlTMMA® canister was collected simultaneously. The samples were labeled 

runs 3A and 38. VOC emission rates were calculated in units of pounds per hour (lb/hr). 

VOC emission rate calculations were performed using the laboratory analysis data 

provided by Atmospheric Analysis and Consulting, Inc., and from airflow data collected 

concurrently. The VOC results are summarized on the following computer printouts titled 

"Summary of Average Results - TO-14A Volatile Organic Compounds," "Summary of 

Emission Concentration Results - TO-14A Volatile Organic Compounds," and "Summary 

of Emission Rate Results - TO-14A Volatile Organic Compounds." The emission results 

compared to the detection limits for each individual run are presented on the computer 

printouts included in Appendix A of this report. Copies of the VOC laboratory analysis 

results in emission concentration units of micrograms per cubic meter (J.lg/m3
) are included 

in Appendix B of this report. 
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A I R QUALITY, LLC 

SUMMARY OF AVERAGe RESULTS 
TO·141A VOLATlLE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A otVlSION OF HOEFLER CONSULTING GROUP 

File Name: 
Client: 
Lo~.lion: 

Sampl!! Dala: 

8752..oo1\PX@CTL TO·1 5· OVERALL SUM 
ParamelnK@ City of Tacoma land'fm 
Tacoma, WBllhnglon 
7119·20107 

.1 Perennial Combualer Inl't 
A ... .,.aga Avoraga 

ANALYTE ~m3 I""" 
ChJotoddlJoromethane 1.975 57E-OJ p- 41 ,7<45 141E.02 
OlChlorodtkJarometharle 1,115 U 3 2E.(JJ U 
Chloromethane 0., U 1 6E.oJ U 
1,2-0ichloro-l, 1.2.2-Telranuoroalhane 1,852 U 5 3E-OJ U 
Vinyl Chioride 1,100 32E·OJ 
Methanol 1,735 U 50E.(J3 U 
1,3·Butadi8fl8 50SU 1 7E-OJ U 

Bromomelhane 1,029 U 3 OE-03 U 
c_ 699 U :2 OE-03 U 
Oid1\ofo/lUoromltlhat\e 1,1'5 U 3.2E.(JJ U 
Ethanol 990U 2 9E-OJ U 
VlI'l)'lBl(xnlde 1,159 U J 3E-03 U -.. 398 J 12E-OJ J 
Trd\loro1kJoromethMe 1,381 U 4 OE"()3 U 
Isopropyl Alcohol 1,JCI2 U 3 7E'()J U 

AayIonilrillI 575 U 1 7E.Q3 U 

1,1-DichJoroelhylene 1,040 U 30E-oJ U 
Methylene ChJonde 921 U 2 BE'(]3 U 

Allyl Chloride (Chloroprene) 829 U :2 4E-03 U 
Carbon Disulfide 825 U 2.4£-03 U 
l,l,2-Tnchloro-1 .2.2·TrdkJorO&lhane 2.030 U 5 8E-03 U 
1-1 ,2·Did1ucelhylene 1,050 U 3 OE-03 U 
1,1.QictIIor08\hano 1,062 U 31E-03 U 
MT8E 955 U 2 7E.Q3 U 
VI'l)'I N.ala!e 933 U 2 7E.Q3 U 

2·Butenontl (MEKJ ' 81 U 2 2E-OJ U 
1:.15·1,2· Did1\oroethena 1.040 U 3 OE-03 U 
Hexane 2.765 eOE-03 

Chlorororm 1.295 U 3 7E-03 U 

Elhyl Acetale 955 U 2 7E-03 U 
Tetrahydrofuran 993 29E-03 

1.2-Dldlloroalhane 1,062 U 31£.03 U 

1.l,l·Tnc::hloroelhane 1.446 U .. 2£·03 U 
Be<u~ ' .325 3 BE,03 

Carbon Tellachiorlde 1,668 U 4 BE-03 U 

CycIohexAOe 1.523 44E.()3 

1,2·0u:tllotopropane 1.224 U 35E.Q3 U 
Bromochdliotomalhal'Wl 1.775 U 5 lE.o3 U 
l,.4·0ioxane 955 U :2 7E-OJ U 
T rlChloroelhene 1,419 U 41£-03 U 
2.2,4·Trimelhylpenlane 1,238 U 3 6 £-03 U 

Heptane 3,890 11E·02 
cis-1 ,3·Dichloropropenl i.181 U 3 4E'()3 U 

4·Methyl·2-Penlanonl [MIBK) 1.085 U 31E-03 U 

\-1.3·Otchloropropene l,tlSl U 3 4£-oJ U 

" t .2-Tnch\oroelhane 1.441 U 4 lE-OJ U 

Toluene 6,243 18E.(J2 

2-Hexanona 1,085 U 31£-03 U 
Oibfomod1loromell'lane 2.256 U 6 5E-OO U 
1.2-Oibromoeth .... 2,004 U 5 BE-03 U 
T etrachloroelhylone 1,798 U 52£-03 U 

Chlorobenzene 1.219 U 35£-03 U 

Elhylbenz!!ne 17.050 49E-02 

m- & p·Xy]anll 14 .750 42E-02 

Bromoform B.213 U 24£-02 U 

Slynme 1.128 U 3 2E-03 U 

1.1.2.2-Telrac/'lloroelnane 1.820 U 52£-03 U 

o-Xylooa 3,683 11E-02 

4-Ethyllolulne 1,302 U 3 7E.o3 U 

1,3.5-Trmelhy~nzena 1.068 J 31E.()3 J 
1.2,4·Trmelhylbenzene 3,840 1 1£· !)2 

Benzyl Chloride 6,656 U 2 0E-Q2 U 

1.3·DichIorobenzene 1.592 U '" 6E·03 U 
1.4-Dichlorobenzene 1,592 U 46£-03 U 

1.2-Dichlorobanzene 1.592 U .4 6E-03 U 

1.2.4-Tnchlorobenzene 1,'" U 5 6E,03 U 

Haxachlorobuladione 2825 U 81E·03 U 

u. undtlletle~ 111~tlhCl ~Iec ~gn .rm (OLf 
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AIR QUA LI TY, LLC 

SUMMARY OF EMISSION CONCENTRATION RESULTS 
TO.14A VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A DIVISION Of HOEFLER CONSULTING GROUP 

File Name: 
Client: 
Lac.lion; 
S .. mple Dale: 

ANALYTE 

Chiorod,ftuoromilihanll 
Propylene 
OlChforochlltJoromelhane 
Chloromethane 

8152-001\PX@CTL To-15 
Pl rllmlllnx@ City or Tat:Omlii Landfin 
Tacoma, Washington 
mS-20107 

1.2· 0Ic.hlorD-l.1.2.2· TetralkJoroethane 
Vinyl Chtoride 
Melhanol 
1.3·Buledlena 
Bmmomethane 
Chloroelhane 
D.chloronuoromelhllne 

EIha"'" 
Vinyl Bromide 
Acelone 
TnchlornnuoromelhafIEI 
Isopropyl Alcohol 
ACl)'IOnltnle 
1.1·Dich!oroathylane 
Methylene Chlonde 
Allyl Chlonde (Chforoprenej 
Carbon [)Ilulfidll 
1 .1.2· Tndlloro-l.2.2·Tnftuoroelhane 
l·l.2·Dlc.htoroethyJene 
1 ,1·D,chloroelhane 
MTBE 
Virlyl Acetate 
2·BulallOr1e {MEKl 
Cls-1,2- Dlchloroethene 
Hexane 
Chloroform 
Ethyl Acetale 
Tetrahydrofuran 
1,2·DlchlofOelhane 
1,1,I·Tnchloroethene 
Benzene 
Carbon TetrachlDooe 
Cyclohexane 
1,2·Dichloropropane 
Bromodichloromelhane 
1.4·DKlxane 
TnchlofOt!ihenll 
2.2.4. TrilTllllhyipenlarnl 
Hl!ptane 
ClI.I.J..DlChloropropene 
4,Melhyl·2·Pentanone (MIBKj 
1·13-Dichloropropent! 
1.1.2·Trichloroelhane 
Toluene 
2·Hexenone 
Dlbromochlommelhllne 
1.2·Oibrornoelhane 
TBtracl'1l0r0elhy'.ene 
Chlorooenzene 
Elhylbllnzene 
m- & p-Xylenes 
Bromoform 
Slyrene 
1.1,2,2· Tetrachloroethane 
o-Xylene 
4·Elhyltoluer.e 
1.3.S. Tnmelhy!benzene 
1.2.4· Tnmethylbenzene 
Benzyl Chlor>CIe 
1.J..DIc.hJorobenzene 
1,4-D,chlorobenzene 
1.2·0ichlDroberu:ene 
1 ,2,~·Tnchlorobenzena 
He,;achlorobutadlene 

u • ...,,,,t,~'ed at spadb" r~pon,"" ~1!II11OLt 

1870 
<560 
1178 U 
578 U 

1957 U 
991 

1834 U 
819 U 

lGB7 U 
739 U 

1178 U 
1055 U 
1224 U 
1590 
1460 U 
1376 U 
607U 

1099 U 
973 U 
878 U 
872 U 

2145 U 
1110 U 
1122 U 
1009 U 
986 U 
825 U 

1099 U 
3100 
1368 U 
1009 U 
1010 
1122 U 
1528 U 
1380 
1783 U 
17~0 

1294 U 
1875 U 

1009 " 
1500 U 
1308 U 
<3<0 
1248 U 
11~7 U 
12~B U 
1522 U 
6370 
11~ 7 U 
2384 U 
2118 U 
1900 U 
1288 U 

16900 
1~700 

9880 U 
1192 U 
1923 U 
3760 
1378 U 
1~20 

4030 
7245 U 
1683 U 
1683 U 

"83 U 
2077 U 
2985 U 

Ifl Perennlill Combusler Inlet 
Run 2 Run 30 

2000 
4950 
1082 U 
531 U 

1797 U 
1180 

'''' U 
569U 
999U 
678 U 

1082 U 
969 U 

112<4 U 
1221 U 
1340 U 
129< U 
5sa U 

1009 U 

." U 
805 U 
BOO U 

1970 U 
1019 U 
1030 U 
927 U 
905 U 
7sa U 

1009 U 
2770 
1256 U 
926 U 

1020 
1030 U 
1<403 U 
1330 
1619 U 
1510 
1188 U 
1722 U 
926 U 

1377 U 
1201 U 
3890 
1148 U 
1053 U 
1148 U 
1398 U 
6380 
1053 U 
2190 U 
19<45 U 
1745 U 
1183 U 

17500 
15200 
7971 U 
1095 U 
1766 U 
3750 
1264 U 
1370 

38" 
8654 U 
1545 U 
1545 U 
1545 U 
1908 U 
2741 U 

2070 
<1930 

1131 U 
555 U 

1877 U 
1160 
1760 U 
594 U 

lQ.43 U 
709 U 

'131 U 
1012 U 
1175 U 
1278 U 
1401 U 
1320 U 
583 U 

1055 U 
934 U 
841 U 

'38 U 
2058 U 
1065 U 
1077 U 
968U 

"6U 
192 U 

1055 U 
2690 
1313 U 
968U 

1020 
1077 U 
1466 U 
1360 
1692 U 
1510 
1241 U 
1800 U 
968U 

1439 U 
1255 U 
3890 
1191 U 
1100 U 
1191 U 
1461 U 

64" 
1100 U 
2288 U 
2032 U 
1823 U 
1236 U 

18200 
15700 
8329 U 
1144 U 
1845 U 
3870 
1320 U 
1480 
4150 
6953 U 
1615 U 
1615 U 
1615 LJ 
1993U 

2664U 

J .. A,ppro~"1111" .... lue Oa'a is l.beI" WIIh. J .1" wIItn one Of more 01 the • .sullll i'l. lei 01 iTWJ/topIe IU!W" under ilia o.lo!'Cllon ~rnII. 

blll.' lu" ona ollie otheo ruM" abwe the "election ~JTlIl Rum under III, deltction Iimtlro lel'rnenld a. in 1111 III "-efl"O o;all2lio\ian 

Run 3b 

1900 
<540 
1069 U 
524 U 

1775 U 
1070 
1663 U 
562U 
'86 U 
810 U 

1009 U 
951 U 

1111 U 
1206 U 
1324 U 
12~8 U 
551 U 
997U 
883U 
795 U 
791 U 

1946 U 
1007 U 
1018 U 
915 U 
894 U 
749 U 
997U 

2500 
1241 U 
915 U 
920 

1018 U 
1386 U 
1230 
1599 U 

"30 
1173 U 
1701 U 
915 U 

1380 U 
1186 U 
3440 
1132 U 
1040 U 
1132 U 
1381 U 
5740 
1040 U 
2163 U 
1921 U 
1724 U 
1168 U 

'5600 
13400 
7873 U 
lOBI U 
1744 U 
3320 
1248 U 
1246 U 
3370 
6572U 
1526 U 
1526 U 
1526 U 
1884 U 

2708 U 

Average 

!191m3 

1975 
4745 
1115 U 
547 U 

1852 U 

1100 
1735 U 

586 U 
1029 U 
699 U 

1115 U 
998 U 

1159 U 
398 J 

1381 U 
1302 U 

575 U 
1040 U 
921 U 
829 U 
825 U 

2030 U 
1050 U 
1062 U 
955 U 
933 U 
781 U 

1040 U 
2765 
1295 U 
955 U 
993 

1062 U 
1~46 U 
1325 
1666 U 
1523 
1224 U 
1775 U 
955 U 

1419 U 
1238 U 
3890 
l1Bl U 
IOB5 U 
1181 U 
1441 U 
5243 
IOB5 U 

2256 U 
200< U 
1798 U 
1219 U 

17050 
14750 
B213 U 

1128 U 
1820 U 
3683 
1302 U 
1068 J 
3840 
6858 U 
1592 U 
1592 U 
1592 U 
1966 U 
2825 U 
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SUMMARY OF EMlSSION RATE RESULTS 
TO·1.4A VOLATlLE ORGANIC COMPOUNDS 

n I I ~ 

AMTEST AIR QUAUTY.A DIVISION OF HOEFLER CONSULTING GROUP 

File Nlme: 
Client: 
location: 

67.!S2"()()1IPXGCTl TO·tS 
Paramelnx Cl CIty of Tacoma Landfill 
Tac0rn.8. Washlnglon 

Simple O.t.: 7/19·2007 

R"" 1 
ANALYTE ''''''' 
Chlorodlnuoft)lT1eltulne 554E-03 
PropYlllne 135E-02 
Dtchll)(1)d1nlJl)romelhano 3 49E-03 U 
Chiommelhane 1 71E-03 U 
, .2·DitNorD-1.1 .2,2·TltrafluoroeLhane 5 eoE..Q3 U 
Vinyl ChIoode 294E.{l3 
Methanol 5 44E-OO U 
l ,3·8ulAlhr.e 1.83E-03 U 

iii""""'''''''' 3.22E.(I3 U 
Chlomelhane 2.19E-03 U 
Otchlomnuon::mell'1ane 3 49E-03 U 
Elhanol 313E-03 U 
Vinyl Btnmrde 363E-03U 
AcetOOl!l .II 71E-03 
Tnch\ol'ol'luM)."T1elhane 0II33e-03 U 
lsopropyt AIeohoI 4 08E-03 U 
AGrylorulnle 1 6OE-03 U 
1.1.OIcnlomell'1ylene 3.26E-03 U 
Mcll'1ylono Chlonde 2 88E-03 U 
Allyl Cl\londe (ChlOfoprtlnol 2.60E-03 U 
Carbon OIIul.fide 2 5BE..[)3 U 
1.1 2·Tnchloro.l .2,2.TnnIlOfoolhane 6.36E"[)3 U 
1.1.2.OIchloroethyiena 3.29E-03 U 
1.1.[)II:tlloroelhane 3 33E-03 U 
MT8E 2 99E-03 U 
Vinyl Acetate 2.92E-03 U 
2·8utanonl {MEK) 2.45E-03 U 
CIS·' .2- Dichloroelhene 326E-03 U 
Hexane 919E-03 
C~OIoform 04 05E-03 U 
EItly! Acalale 299E-03 U 
Toltah,drollX1ln 299E-03 
12·Dlchltuoelhane 333E-03 U 
l .l .1·TnchlOtOethane 04 53E-03 U 
BenzlltHil 409£-03 
C&tbon TatracNoride 5 23E-03 U 
CycJohexsrMI 516E-03 
1.2·0c:hlol"opropane 3 64E-03 U 
Bromodlchlor"Ornelt'laM 556£-03 U 
1.4·o.oxane 2 99E-03 U 
T_1h<n<o 4 45E-03 U 
224.Tomelhylponlano 3.66E-03 U 
Heptana 129E-02 
cs·l.3·Dimtoropropena 3 70E-03 U 
4·~ethyl·2 ·P.nlanOf'le (MIBK) 3 o40E-03 U 
1·1.3-Q1chlompropene 3 70E-03 U 
1.1 .2·Tnchloroelhane 4 51E-03 U 
Toluene 1 89E-02 
2·HeKanone 3.40E-03 U 
Ob."omocNoromelhane 7.07E-03 U 
1.2·OIbfomoaLhane 6.28E-03 U 
T elrxn:oroeLhylene 5 63E-03 U 
Ctllornbenzane 3 82E-03 U 
Elh~lberu:ena S.OlE-m 
m· & p·Xylenas 04 36E-02 
Brom:iOfm 2.51E-02 U 
Slytane 353£-03 U 
1.1.2.2·TIllIrac.hloroeL"'afle 5 70E-C3 U 

c·x,rene 1 11E-02 
4·EIhy!lofUIIINI 4 06E-03 U 

1.3.5·Tnmelttylbenz:ene 421E-03 
1.2.4·Tnmetl'1ylb41n:ene 1 19E-02 
Benzyl Chloncla 215E-02 U 
1.3·[jic:hloroben.zene .. 99E-03 U 
1.4·[jicnlorobenzene 4 99E-03 U 
1.2·Dichlorobenzene 4 99E-03 U 
1.204·Trlchlorobenzene 6 16E.o3 U 
Hexachlotobuted,ene B.805E·03 U 

U. unde!eC:led II 5P1C1ned TlIporl.t1g1omll (OL) 

.1 Pen!nnlal CombusllI!r Inh~t 
Run 2 Run la ,- ,bit< 

585E-03 5 eaE..()3 
, ,"E-02 1 40E-02 

3 07E..o3 U 3 21E-03 U 
, ~lE-03 U 1.56E-03 U 

5 10E-03 U 5 33E-OO U 
335E-03 33OE-03 

.. 78E-03 U 5 ooe.oo U 
1,62E-03 U 1.69E-03 U 

2,53E-03 U 2 96E-03 U 
193E-03 U 201E-03 U 
3 07E-03 U 321E-03 U 

2 75E-03 U 2 88E-03 U 
3,9E-03 U 3.34E-03 U 
3 47E-03 U 3 63E-03 U 
381E-03 U 3 98E-03 U 
3 59E-03 U 3.75E-03 U 
1 58E-03 U 1.66E-03 U 
2 B7E-03 U 3 ooE-03 U 
25011E-03 U 2 65E-03 U 
2.29E.o3 U 2 39E-03 U 
2 27E-03 U 238E"[)3 U 

5.&oE.o3 U 5 85E.o3 U 
2.8;E-03 U 3 03E"[)3 U 
2.93E-03 U 3 06E-03 U 
2.153E-03 U 2.75E-03 U 
2.57E-03 U 269E-03 U 
2 15E-03 U 2 25E'{)3 U 
2 87E-03 U 3 OOE-03 U 
7 B7E-OJ 764E'()3 
3 57E-03 U 3 73E-03 U 
2 5JE-03 U 2.75E-03 U 
29OE-03 2.9OE-OJ 
2 93E-03 U 3 06E-OO U 
398E-03U 417E-03 U 
376E-03 386E-03 
4 6OE-03 U 4 81E-03 U 
4.29E.03 , ,..-00 
3 37E-03 U 353£-03 U 
.. 89E-03 U 512E-03 U 
2 53E-03 U 2.75E-03 U 
3 ;tE-03 U 4 09E-03 U 
3 41E-03 U 3 57E-03 U 
1 10E-02 1.11E-02 
325E-03 U 3 40E-03 U 
2 99E-03 U 3 13E·03 U 
32!5E..oJ U 3 40E-03 U 
3 97E-03 U o4.15E-03 U 
, 81E-02 1 B4E-02 
2~E-03U 313E-03 U 
e 22E-03 U 6 5OE-03 U 
5 52E-03 U 5 77E-03 U 
4 98E.o3 U 518E-03 U 
3.36E-03 U 3 51E-03 U 
497E-02 517E-02 
02E-02 0II046E-02 
226£-02 U 2 31E-02 U 
311E-03U 3 25E-03 U 

!5 02E-03 U 52"E-03 U 
107E-02 ',OE-02 
359E-03 U 3 75C-03 U 

389E-OJ .. 21E-03 
1015E-02 I 18E·02 
189£-02 U 19BE-02 U 
4 39E-OJ U 04 59E-OJ U 
4.39E-03 U 4 59E-03 U 

4 39E-03 U 04 59E-03 U 

5.42E-03 U 5 66E-03 U 

7 78E.oJ U B '4E·03 U 

J .. "l'IP"I""~' YI!UO 0'11 IS labtkl With. J nlll when one or m:InI of !h. resulU in. nl of mill.,. Nnl c. under 1M d.lmlXl UnlI. 

I)ut .tItU! on. or tl1e olher MIllS .bow lhe delection ifM. Runs lII1der !MII ~laalCln 1irN .... II'pJ,unted II '" lh. ut .wrage Clleulatoon. 

RunJb Avelllgo 

IOlhi Ibhlr 

5.40E"()3 5 67E-03 
129E-02 136E-02 
3 04E..o3 U 3 20E-OJ U 

1 49E-03 U 1 57E-03 U 

5 04E-03 U 5 32E-03 U 

304E.c3 316E-03 
4 73E.{l3 U 4 99E.Q3 U 
l1SOE.o3 U 1 68E.03 U 

280E-03 U 2 96E-OO U 

1 OOE-03 U 201E-OJ U 
304E.(I3 U 32OE-03 U 
2 72E.03 U 2 87E-03 U 

3 16E43 U 333E-03 U 

3 43E-03 U 1 18E-03 J 
3 76E-OJ U 3 97E-03 U 
3 55E-03 U 3 74E-03 U 

1 57E-03 U 1 65E-03 U 
2 83E-03 U 2 !t9E-'l3 U 
2 51E.oJ U 2.65E-03 U 
2 26E.o3 U 2 38E-03 U 
2 25E-03 U 2 37E..[)3 U 
5 53E..[)3 U 5 B3E"[)3 U 

2 BeE-03 U 3 02E-03 U 
2 B9E-03 U 3.05E"()3 U 

2 6OE-03 U 2 74E"()3 U 

2 504E-03 U 268E"()3 U 
2 13E-03 U 2 204E-03 U 

2.83E-03 U 2 99E-03 U 
71oe.o3 7 95E~3 

3 53E-03 U 3 72E-03 U 
2.60E.o3 U 2 704E-03 U 

281E-03 2 B5E-03 

289E-03 U 30SE-OO U 
394E-03 U 4 15E-03 U 

350E-03 381E-03 

45011E.o3U .II 79E-03 U 
378E.o3 438E.03 
3 33E-03 U 3 52E-03 U 

II 83E·03 U 5 10E--03 U 

2.60E-03 U 2 7.4E-03 U 
3 86E-03 U 4 08E-03 U 
3 37E-03 U 3 56E-OJ U 

976E-03 1 12E-02 
3 22E-03 U 3 39E-03 U 
2.96E-03 U 3 t2E-03 U 

3 22E..(I3 U 3 39E-03 U 
3 92E-03 U 4 I04E-03 U 
163E-02 179E-02 

2 98E-03 U :1 12E·03 U 
515E·03 U 6 48E.Q3 U 

S1I5E·03 U 5 76E-03 U 
4 9OE-03 U 517E-03 U 
3 32E.03 U 3 5OE-OJ U 

4 "3E ·02 .119OE-02 
J 81E.(l2 4204E-02 
2 204E-4J2 U 2 J6E-C2 U 

3 07E-03 U :1 204E-Ol U 
.. 96E-OJ U 523E-03 U 

9<4EoC3 1 05E-02 
3 505E.o3 U 3 14E-03 U 

35-<tE.(I3U 3 OBE-03 J 

95aE.o3 I 10E-0:2 
1 87E.o2 U 1 97E.()2 U 

.. 3o4E-Ol U 4 5BE-03 U 

II 34E.o3 U 4 5BE-03 U 

.. 34E·03 U 4 seE·m U 
5 35E-03 U 565E·03 U 

7 70E-03 U 8 12E-03 U 
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2.7 	 EPA SW-846 Method 0031 - Volatile Organic Compounds (VOC), Flare 
Outlet 

Three I20-minute EPA SW-846 Method 003 I runs were performed at the flare outlet on 

July 19-20, 2007 to quantify volatile organic compounds (VOC) emissions. Each run 

consisted of three (3) 40-minute sampling periods. Each sampling period utilized a tube 

set consisting of a front and back portion of Tenax® sorbent material followed by one 

portion of Anasorb® material. The resulting total of nine analytical data points were added 

together on a weight per sample basis (micrograms «!lg» for a total sample train 

concentration for each compound. These results were then calculated to present emission 

concentrations of micrograms per cubic meter of gas sampled (!lg/m') and emission rates 

of pounds per hour (lb/hr). A field blank sample was collected with every test run. 

The test results are summarized on the following computer printouts entitled "Summary of 

Emission Concentration Results - EPA Method 0031 - Volatile Organic Compounds," and 

"Summary of Emission Rate Results - EPA Method 0031 -Volatile Organic Compounds." 
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AIR QUALITY. LLC 

F_a NilITIe" 
Cbent 
locallOlT 
SBlTlple Datas: 

SUMMARY OF EMISSKJN CONCENTRA110N RESUL 15 
EPA METHOD 0031. VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION Of HOEFLER CONSULTlNG GROUP 

8752-OO1\PX g CTL M0031 
Pafllmelruc ~ C!T.y 01 Tacoma Landfill 
Tacoma, Washington 

7/19107 • 7/20/07 

Perennllli #1 Landfill Gas CombuslerOuUet 

Run 1 Run 2 Run 3 AVlrlU8 

AnarylB "oId.em f,lgldscm uqldscm IJqld.cm 

Acetone 16.2 lO.1I U 30.1! U 5 • .40 J 
Benzene 165.0 E ".1 115.1 101.4 E 

Bromobenz.ena 313 U 308 U 308 U 310 U 
Brorr..odlloromelhana 7,B3 U 7.70 U 771 U 775 U 
Bromodlchloromalhana 313 U 306 U 306 U 3,10 U 
Bromcfonn 7,83 U 770 U 771 U 775 U 
Bromom ....... 157 U 154 U 154 U 155 U 
2·Butanone (MEt<) 31.3 U J08 U '" 8 U 310 U 
n-Butylb6nzOO8 3.13 U 306 U 308 U 3.10 U 
~.....,..,.." .... 3.13 U 308 U 3.08 U 310 U 
1et1-Butyl)enzono 313 U 306 U 308 U 310 U 
Carbon Oisuffide 1.46 3.01 U 3.08 U 0.49 J 
Carbon T elrachlonde 313 U 306 U 308 U 3 to U 
Chlorobenzene 3,13 U 3.08 U 308 U 310 U 
Chlorodibromomalhane 783 U 770 U 771 U 775 U 
Chloroelhane 157 U 15.01 U 15.01 U 155 U 
Chlorororm 313 U 30B U 308 U 310 U 
Chloromethane 3." 3.2B 2,6B l.OO 
2-Chlorololuene 313 U 308 U 308 U 310 U 
4 ·Chlorololuene 313 U 308 U 308 U 310 U 
1,2 Dlbromo·3-d1loropropane 157 U 1504 U 154 U 155 U 
1,2-Dibfomoelhana '83 U 7.70 U 771 U 775 U 
Oibromomelhane 7.83 U 770 U 771 U 775 U 
1.2-0ictllorobenzene 313 U 308 U 308 U 310 U 
1.3-Dichlol'"obenzena 313 U 308 U 308 U 310 U 
1,4-01dllorobenzene 3.13 U 308 U 308 U 310 U 
Dlchlorodlnuorornelhane 4,aO a,52 2.97 4.76 
1.I·Dlchloroelhana 3.13 U 308 U 308 U 310 U 
1.2-01ctl1ofoelhane 313 U 3.08 U 300 U 310 U 
Cls-l ,3-Dich1oroo\hene 313 U 306 U 308 U 3.10 U 
trans·l.3-D1chlcroeiliene 3.13 U 308 U 308 U 310 U 

1. '·DId1Ioroetheoo 313 U 308 U 300 U 310 U 
1.2·0dllortJp"opa"lO 313 U 3.06 U 308 U 3 .10 U 
I .J·OlChloropropane 313 U 3.06 U 308 U 310 U 
2.2 ·DlChloroproparte 313 U 306 U 308 U 310 U 

C/S·l .3·Dichloropropene 313 U 3.06 U 308 U 310 U 
trans-l ,3-DlChlotopropene 313 U 308 U 308 U 310 U 
1.I-DK:hIoropropene 313 U 3.08 U 308 U 3.10 U 

Elhylbenzene 313 U 308 U 306 U 310 U 
He,,;aclliorobutadiene 783 U 770 U 771 U 775U 
2·He,,;an0n8 313 U JO. U J08 U 31 .0 U 
lsopropylbenzene 313 U 308 U 308 U 310 U 

p·lsoptopylloluene 313 U 30S U 308 U 310 U 
Methylene Chloride 13.1 64.6 7.71 U 25.9 J 
4·Melhyl·2·Penlanone (MIBK) 313 U 308 U J08 U 310 U 
Napha[ene 1.10 7.70 U 7.71 U OAll J 
n·Ptopylbenzene 313 U 3.0B U 3.08 U 3.10 U 
Styrene 0.831 1.08 U 1.08 U 0.277 J 
1,1,1,2·Taltachloroelhilne 313 U 3.08 U 308 U 310 U 
1,1,2,2·Teltari1lor091hana 7 B'3 U 770 U 771 U 775 U 
Tslrachloroelhene 313 U 3.08 U 308 U 310 U 
Toillene 4.74 2.58 3.02 3,45 

1 ,2,3· Tnc:hlorobenzene 78'3 U 7.70 U 7.71 U 775 U 

1.2.4· Trid1lorobenzsnG 783 U 770 U 771 U 775 U 

1,', '·TrlChloroethane 783 U 7.70 U 7.71 U 775 U 

1. 1. 2· TrIChloroethane 783 U 7.70 U 771 U 775 U 
TrICh:oroeUlena 313 U 308 U 300 U J 10 U 

Trichloronuoromelhane 87.5 15.4 U 4.36 10.& J 
1,2,3·TrichlotOpropane 2.39 7.70 U 7.71 U 0.796 J 

, .2.04· Tmlelhylbenzena 313 U 30B U 306 U 310 U 

1.3 ,5-Trimathylbenzene 3.13 U 306 U 308 U 3.10 U 
VII1y1 Chloflde 313 U 308 U 306 U 310 U 
m· & p-Xylenes '''' U 

616 U 617 U 620 U 

o-Xylene 3.13 U 308 U 306 U 310 U 

U • Undelected II $pedfi«! reporlJrlg ~l1"IIt /RLJ. 
E <& e.Urn.letl reluR, conc.n.-.tioll nCllled. the ca~!lt11lOn rln~ . /vi E ~~ i, Inigt1ed to. run IVtln If fUll onll f.m i'labeled u E. 
J. ApproxlmlLI .... !Il. Dill Illabllied With. J Alg when one« more gf thl (liulil in I 1111 of multiple run. il uoo., the del~on t_nIl. blltlt 

lUll ane of the other runs Is .boYa th. ~I.t~on ~1"I'Il Rlln. unCIer!he delKbon kmll.,.. tlIprullnled II Ir. Ihl nl Iverage CoI1culaliOl\. 

Zero (a) II ultd u\he vilul ollny u"MI.~ .. d run when "leu/'ilng lIIe ..... f1I~ of Iny run rlMled With. J nlg 
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Fill Namlt" 
Client. 
locatIOn' 
Sample Dalel 

AnI!I:t1e 

Acetone 
Benzene 
Bromoberu:eM 
Bromochlclfomelhane 
BromodlChloromelhane 
Bromo{orrn 
Bromomelhane 
2-Butanane (MEK) 
n·Butylbenzena 
$8C·Bulyilenzen& 
lart·8utyibenzene 
Carbon Dlsulfidl 
Carbon Talrad'llaflde 
Chlafobel\Zel'l8 
Chlafodlbfamamelt\ane 
Chloraethano 
Chloroform 
Chloromethane 
2·Chiorololuene 
4·ChlorolaloenB 
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/\I\li1rESi 
AIr. QUALITY, LLC 

SUMMARY OF EHISSION RATE RESULTS 
EPA METHOD 0031 • VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

8752·Q01\PX ~ eTl MOO31 
Param&!nx @ Crty or Tacoma L.andflll 
Tacoma, WashllOltlfl 

7/19107· 7{20107 

Run 1 
Airflow: 9712.7 dlef/mln 

IbIh, 

5.94E.(I4 
11.05£.(13 E 
1.15E4oI U 
2.87E.Q.4 U 
1 15E44 U 
287E.Q.ot U 
57'1E44 U 
115E'()3 U 
1 15E-04 U 
1.15E-04 U 
115E-04 U 
5.36E-05 
1 15£004 U 
115E..()4 U 
2.87E-04 U 
5.74E-04 U 
1 15E-04 U 
1.12E-G4 
1 15E-04 U 
1 15E-O~ U 

Perennla1.1 Landfill Gas Combuste, Outlet 

Run2 Run J 
10933 d5cffmln 10551 d.c:rfmln 

IbIh, Iblhr 

1.25E..Q3 U 1.22E-03 U 
1.97E..o3 •• 55E..o3 
1.26E-Q4 U 1 22E-04 U 
3.15E.Q.4 U 305E-G4 U 
1.26E.QII U 1 22£-04 U 
3.15£-001 U 3.05E-004 U 
631£-004 U 610E-004 U 
1.26E-03 U 1.22£-03 U 
1 26E-04 U 1 22E-04 U 
126E-04U 122E-04 U 
1 26E-04 U 122E-04 U 
1.26E-04 U 1.Z2E-G4 U 
1 26E.{)4 U 1 22E-04 U 
1 2fiE-04 U 1 22E-04 U 
3 15E-04 U 30SE-04 U 
6 31E-04 U 610E...Q4 U 
1 2SE-0<4 U 1 22E-04 U 
1.14E44 1.06E-04 
126E..Q.4 U t 22E..{}4 U 
126E..Q4 U t 22E..Q.4 U 

1.2 Dlbrama·3-d1loroptcpane 574E..Q.4 U 631E..Q.4 U 610E-04 U 
1.2·Dibromoo!hane 2 B7E.()4 U 315E..Q.4 U 305E"()4 U 
Drbramomelhane 2 87E.()~ U 315E.Q4 U 3.05E-<14 U 
1.2·Dichlorabenzene 1 15Eo04 U 1 26E-04 U 1 22E..()4 U 
1.3·Dichlorobenzene 115E-04 U 1 2SE..Q4 U 1 22E-04 U 
1.4 ·Dldilarobenzene 1.15E411 U 1 26E-04 U 1 22E.()4 U 
Olc:hlorodlfluoromethane 1.76E~ 2.67E44 1.17E.o4 
1.1-01ChIo!oelhane 115E-04 U t.26E..Q4 U 1 22E-04 U 
1.2·QlChIoroelhene 1 15E-04 U 126E-04U 1 22E-04 U 
ClS-' ,3-0ir::hklraethorul 115E..Q.<t U 1.26E-O<C U 1 22E-04 U 
trans-l ,3·0tdIIoroethene 1 15E.{)4 U 1 26E-04 U 122E.{)oII U 
1,1·0lChlafoethene 1 15E-04 U 126E-04 U 1 22E..().4 U 
1,2-Dtth1afopropane 1 15E-G4 U 1 26E-04 U 122E.()4 U 
1.3·Dlc.hIoropropane 115E-04 U 126E-04 U 1.22E·04 U 
2.2·0iChlaropropane 1.15E-04 U 1 26E-04 U 1 22E·04 U 
cis-l .3-0ichloropropane 1 ,5E-04 U 1 26E-04 U 1 22E-&I U 
Irans.l.3.0tc::hIoropropel\8 1 15E-&I U 1 26E-04 U 1 22E-&I U 
1,' -DdUoropropene 115E-04 U 1 26E-04 U 1 22E-O'I U 
Elhybenzene 1.15E-04 U 1 26E-04 U 1 22E-04 U 
H axaa-Jarobulao.,en8 2.8TE-D4 U 3 15E·04 U 305E-04 U 
2·Hexanone 1 1SE-03 U 1 26E-03 U 1 22E-03 U 
IsoprapylbenZllne IISE..()4 U 1 26E-04 U 1 22E.Q4 U 
p· lsoprapyllcluane 11SE-0<4 U 1 26E-G4 U 1 22E-04 U 
Melhylene Chloridll 4,81E-G4 2.65E-G1 3.05E..o.t U 
-l ·Mc lhyl·2·Penlano'ie (Mr8K) 1 15E-03 U 1 26E.Q3 U t 22E-03 U 
Naphalenll 4.76E-G5 1.15E-G4 U 3.05E..o4 U 
n ·Propylbenzllna 1.15E-04 U 1 26E-04 U 1 22E-04 U 
Styrene l.05E-GS 1.26E.o4 U 1.22E-04 U 
'.1 .1.2-Tetrachloroelhane 1 15E-04 U 1 26E-04 U 1 22E-04 U 
1.1.22·Telradlbroethane 287E.04 U 315E-04 U 305E-04 U 
Tetrachloroethane 1 15E-04 U 1 26E-04 U 1 22E"()4 U 
Tolulne 1.74E~4 1.06E-04 1.19E.o4 
1.2.3· Tnchlorobenzene 2 e7E-04 U 3 ISE·04 U 305E.{)oII U 
1.2,4-Tnchlorobenzene 2 B7E-04 U 315e·04 U 305E-04 U 
1,1.1-TrIChloroethane 287E-04 U 3.15E-04 U 305E-04 U 
1,1.2-Tnc.'llaroethane 287E-04 U 3 15E-04 U 30SC-04 U 
T nchloroetheoe 115E..()4t U ~ 26E-04 U 122£·04 U 
TrichlorofluOfamelhane 1.21E-G3 6.31E-04 U 1.72E.o4 
1,2,l. Trichloropropanll 8.76E-05 l.15E-04 U l.05£..o4 U 
1.2.4.Tlmelhylbanzena 1 15E-04 U 1.26E-04 U 1 22E-04 U 

1 . 3.5-Trme1h~1benzene 1 ISE-C4 U 1 26E-04 U 1 22E-04 U 

VInYl Chlofldll 115E-04 U 1 2tiE-04 U 1 22E-04 U 
m· & p-XyJenes 23OE.04 U 252E-04 U 244E.Q4 U 

c·XylM'.a , ,5E-04 U , 25E·04 U 1 22E·04 U 

U· Undeledtd at .~CI~ed reportng hlJlll (RL). 
E .. EslltTllled rnuH: concentration excelldl.1he c:ahbrllb:m ~1I'iI1 All E ftlg II "'1g!\IId III I nm eYfll "'fIlsI one nm IS lal/erld 1.1 E 
J • Appn:lIlirnall VlkJe Dala illabllltld with I J flag when ona PI motl of lh, ruu", ,,1. III 01 mulh~a runa i. lmd~r the delec:loolirnl tloIJl al 

Inllone of Ihl oIMr run. lilloove Ihe tlelecl,GIl ~1l\I1 RUlli uncllr!he delllc:tJon hTtlllfe feprllllnlid IS in llli lit Ivarl~e caICU:lhor­
ZIn:! (0)11 uled n lhl VllLH1 of any undaleclad run ....t1.n calcul.ltng Iht IVllfege or II!)' run labeled Wllh a J •• ;. 

Avaragll 
Ibfhr 

U8E-04 J 
".19E-03 E 
, 21E44 U 
302E.G4 U 
, 21E-0-4 U 
302£44 U 
Ei 05E44 U 
121£.03 U 
121E~ U 
1 21E-04 U 
1 21E-04 U 
1.79E-G5 J 
121E..()4 U 
1,21E-04 U 
302E-04 U 
S 05Eo04 U 
1.21E-04 U 
1.17E'()4 
121E..()4 U 
1 21E. D4 U 
605E--04 U 
302E-04 U 
301E.().4 U 
121E.()4 U 
1 21E.Q4 U 
121E-04 U 
Ul7E-G4 
1 21E-04 U 
, 2'E-04 U 
, 21E·0<\ U 
121E-04 U 
1 .21E-04 U 
1 21E-04 U 
1 21E.c<I U 
, 21E.04 U 
, 21E-04 U 
1 21Eo04 U 
, 21E-04 U 
1 21E.04 U 
302E-04 U 
1 21E.Q3 U 
1 21E· Q4 U 
1 21E.04 U 
1.04E-G1 J 
121E..o3 U 
1.59E·05 J 
1 21E-04 U 
1.02E·OS J 
1 21E-04 U 
:3 02E.o4 U 
1 21E·04 U 
1.3lE·04 
302E-04 U 
3 02E,04 U 
302E-0-4 U 
302E-04 U 
1 21E-0-4 U 
1.1lE-01 J 
2..92E·05 J 
1 21E·04 U 
, 21E·04 U 
1 21E-04 U 
242E-04 U 
1 21E ·04 U 
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2.8 Destl"llction Efficiency - Speciated Volatile Organic Compounds 

To calculate the speciated volatile organic compound (VOC) destruction efficiency (DE) 

of the flare, speciated VOC emission rates at the flare inlet were compared to speciated 

VOC emission rates at the flare outlet. The destruction efficiency is the amount of vapors 

destroyed through incineration, expressed on a percentage basis. The percent destruction 

efficiency for each volatile organic compound analyzed in the gas at the # 1 Perennial Flare 

at the Tacoma Landfill is presented on the following computer printout titled "Volatile 

Organic Compounds Destruction Efficiency Results." Destruction efficiencies were 

calculated based on the average emission rate of each compound detected in pounds per 

hour (Ib/hr) at the inlet compared to the outlet. It should be noted that Method TO-14A 

(inlet) and Method 0031 (outlet) measure different lists of VOCs, so only the VOCs 

common to both lists were compared. If a compound was not analyzed it is noted as N A. 

When a specific VOC compound was undetected at both the inlet and the outIet, the 

destruction efficiency is not calculated and is presented with dashes (---). When the outlet 

is greater than the inlet, the destruction efficiency is not calculated and is presented with 

dashes (---). When a VOC compound is present at the inlet and undetected at the outlet, 

then the destruction efficiency is labeled as greater than (» 99.99%. 



File Name" 
Ghtnt. 
LoealrOf. 
Sample Oalu" 
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AIR QUALITY. LLC 

VOLA TllE ORGANIC COMPOUNDS DESTRUCTION EFFICIENCY RESUl15 
INLET METHOD T014A AND OUTLET METHOD 0031 

AMTEST AIR QUALITY, A OMSION OF HOEFLER CONSULTING GROUP 

8752.()()1'.PX C eTl MOO3~ 
Parametnx@ City of Tacoma Lancr.ill 
Tacoma Washington 

7Jl9JU7 .. 7/20107 

Porennl.1 #1 Landfill Gas Combustor InleUQutlllt Destruction Efficiency 

Inlet Oullet 
A .... r·se Average 

Ana't:!' Iblh, lb"'r 

Actlone 1.11E-OJ J 1.98E-U J 
Benzene 3111E-OJ 4 19E-03 E 
BrGlJ'lObDnZlIna NA 121E-04 U 
BromodlIoromeltlane NA J C2E..o4 U 
8fomodllt1loromelhana 5 10e..oJ U 121E-04 U 
Bromolorm 2 36E-02 U :3 02E-04 U 

"'"""""" ... "" 2 il6E-OJ U 6 C5E-04 U 
2·&Aanone (MEK) 2 24E"()3 U 1 21E-03 U 
n.Buty!benzene NA 1 21E-04 U 
sec-Butylbe.'\ZeJle NA 121E-04 U 
le/1 · BU1~lbenzene NA 121E-04 U 
Carbon Disulfide 237E.m u 1 79E.{)5 J 
Carbon Tel.nlchforlde l,JJE.(J] J 1.21E-Oot U 
Chlorobe1u:ene :3 5OE.()3 U 121E44 U 
ChlOfOClbromomeU1l1nfJ NA 3 02E.{)4 U 
Chloroelrtane 2 01E-OJ U 60SE..().4 U 
Chlorororm 3.72E..Q3 U 1 21E-004 U 
Chloromelhane 1 57E-03 U 117E..().4 
2..chlQrotoluene NA 121E'{)04 U 
04 -ChIorolo1uene NA 121E-O<I U 
1.2 Qbromo-3-chloropropane NA 6 05E.()4 U 
1,2-0Ibromoeltlana 575E-03 U 302E-004 U 
Oibfomomelhane NA 302E-004 U 
1,2·01ct\lorobonzene 4.58E-03 U 1 21E-04 U 
1.3·0Ichlorobenzeno 4 58E-03 U 1 21E-04 U 
1,4·Dlchlorobenzene 4 58E-03 U 1 21E-04 U 
Du:h!()fodlnuoromelhane 3.20E..Q3 U 187E·().4 
',1-OlchlocOllllhane 3 05E-03 U 121E·().4 U 
1.2,0tchI0rceIhane 3 .05E-03 U 121E·().4 U 
~s-1 .3·DlchlofOethene NA 1 21E-04 U 
lranS·l.3-OithJoroethene NA 1 21E-04 U 
1,I ·DIChIoroeihena NA 121E-04 U 
1,2·0Ichloropr"op8na 3 52E-03 U 1 21E..Q4 U 
1 3-Oichloropropene NA 1 21E-04 U 
2.2,Oithloropropane NA 1 21E-04 U 
ClS· l .3·OtchIorOpropefle 339E·03 U 121E-04 U 
usn" 1.3·o.thkJropf0pen6 339E-03 U 1 21E-04 U 
11.QiclllDrtlpfopeoe NA 121E-04 U 
Ethy1~c!MI 4.9OE-02 1.21E44 U 
HoKaChlorcbutadlene 812E..Q3 U 302E-O<I U 
2·H8xSoone 3 12E-03 U 1 21E..Q3 U 
I~opyk)enzene NA t 21E-O<I U 
p.ISPPfopyltoluene NA 121E-04 U 
Met"ylene Chlonde 2 65E-03 U 1 ().4E..o3 J 
4.Molhyl.2.Pentanone (MIBK) 3 12E-03 U 1 21E-03 U 
NaOhalene NA 1 59E-05 J 
n.Propylbenzono NA 1 21E-004 U 
SI),rene 3 2<dE..Q3 U 1 02E-05 J 
1.1.1.2_Tolradlloroelhane NA 1 21E-O<d U 
1.1 .2.2-TelrachlofOQihane 523E-03 U 302E·004 U 
Tettadlloroeltlene NA 1 21E-04 U 
Toluene 1.79E..(I2 1.33£.04 
1.2.3· Tnchlorobonzene NA 3.02E-04 U 
1 .2.<d· Tnthlorobenzefl8 5 6SE-03 U 3 02E-04 U 
1,1." Tnchloroelr.ane 4 15E-03 U 3 02E-04 U 
1,1.2·Tnchloroethane 0414E.o3U 3 02E-04 U 
Tnet"lIorD8!hono 4 08E.()3 U 1 21E-04 U 
Tnc:nk;ro!!uortlm8lhane 3 9TE-03 U I 13E'()3 J 
1.2.3· Tnthloropropane NA 2 92E-05 J 
1,2," ·TJ1melhy1bentene 1.10E·02 1.21E44 U 
1,3,5· T rimethvlbenzene 3.0IlE-03 J 1.21E..(I04 U 
Vlnvt Chloride 1.10E-02 1.21E-04 U 
rn ... p·XylMes 41 .241E-02 2A2E·04 U 
o ·Xylene 1.0IE..(I2 1.21E-04 U 

U . UnddecJed II ~pe::<1ied repOr1ir.g Iml (RL) 
E • E,lomattd (null , conc;ell\nlLlOfl e~tds llie ulibrlLioll tatIgfI An E Ibg II Il1ogl"Md Ie Ihl ;lYlr.jIl toYlltl ~ ~L one run i!l llbe1ed IS E 
J . Apf"IrOXlmI:e VI"e 0<11.'" ~ labeled 'w.!!I I J!Iag wilen or.e or mont ollnll (nulls 1/1 I leI gl m1Iljple runs III und4!rlhe delreMnllrr\ll . but at 

IU III OM el Ihllllli"lef nIIlS IS looYllhe lIeleCloQlllml Runs under 1M dtlectJ:)n IIn'Illnr rlpl"ennled <IS ~ the nll ... rage c;akullloOtl 
._. ThIS it lhe ~bel gl"o'l!n when Iny 01 the rolklwllQ c;.ues OCl:Ur 11\1 IIIIItIIS U. lhe DVLkJI IS 1I" .. ler th~n Ihlillet: lhe ~ .;lS no! <III1!yled 111~e .,lel 

It II compound IS dllicted II lhe Inlet. but tID! detee:ted II \he lIuLlet. IS uS<ilne4' valui 01 >;11.'11'11" DE. 

DE 

" 
83.20% 

>99.99% 

99.28% 

>99.9" 
>M.,,% 
>" .9" 
>t!.99" 
>"."% 

MtU\Od TO· \(A.IS uUld III qUlnt.fJ compounds" lhe ... 1et aM MelllOd 0031 WIS used \0 q:J.nl,11 wmpounds at Ihe outlel Orlly CO/TllOIHlds lluIl werl ~ed 
on lhe MOO31 bl Ire iMJuded in Ihe DE c;a1cu~licll5 Compo.unds lhlt were quullf"lMf II Ihl cutlet but nOlllllhll Inl!!l;lre shown IS !'fA 
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PROJECT OVERVIEWIEXCEPTIONS 

An acceptable leak check of less than 0.02 cubic feet per minute (cfm) at the highest 

vacuum rate (or greater) used during the test preceded and followed each Method 26A 

run. The average percentage isokinetics for each run were within the acceptable limits of 

100:!: 10%. 

During the testing on July 19, 2007 the flare tripped off at 1530; after a 20-minute pause 

testing resumed. The generator being used on site to power the test equipment ran out of 

propane at 1716 so testing was paused while a new fuel tank was connected. 

No condensate was found in any of the Method 0031 traps for any run. 

Both a bubble meter and a dry gas meter calibrated for low flows were used to monitor 

the Method 0031 sample rate. The bubble meter flow rate was used in the calculations, 

because it is a primary standard. 

The Method 0031 Run 1 C Tenax tube was broken in the field prior to shipment, so it was 

carefully wrapped in Teflon tape to seal the contents and was submitted to the lab. The 

Tenax sample tubes had to be analyzed separately versus in tandem as was done for the 

other samples. Sample BLEPlAA corresponds to Tenax tube 1 and sample BLEP2AA 

corres ponds to Tenax tube 2. The only compound detected in Tube I was methylene 

chloride, so the concentration was added to the concentration in tube 2. The results for 

run 1 C could be biased low because the tube was broken. 
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One surrogate recovery for Method 0031 samples Run 3A Tenax tube and Run 38 Tenax 

tube were outside QA limits. Reanalysis of the associated samples was not possible since 

the entire sample was consumed during analysis. Since the recoveries were low, the 

results for run 3A and 38 may be biased low. 

The concentration of benzene was greater than the calibration range for Method 0031 

sample Run lA Tenax tube. Reanalysis of the sample was not possible since the entire 

sample was consumed during analysis. The concentration of benzene for Method 0031 

run 1 may be biased low. 

The voe lab data presented by STL flags some values with the letter J and the letter E. J 

is an estimated result that is lower than the reporting limit; therefore, AT AQ treats values 

flagged as J as non-detected values. E is an estimated result meaning the actual result 

exceeds the calibration range. These results are used in the calculations and are flagged 

with the letter E, but the results may be biased low for data flagged with an E. 

Prior to beginning the testing, a gaseous stratification check was conducted in the flare 

outlet stack per Method 7E. The stratification check was conducted at six (6) Method I 

traverse points in each of the two (2) sample ports. Sampling at each point was petformed 

for three minutes, which was at least twice the system response time. None of the gases at 

any of the sample points displayed concentrations that varied by more than 5% or ± 0.5 

ppmV (whichever is less restrictive) difference from the mean concentration for that gas. 

Therefore, gaseous emission sampling was performed at a single point of average 

concentration in the stack. 

ATAQ used two approved EPA alternative calibration procedures for this project. The 

first procedure is Alternative Method 009 (AL T-009) titled "Alternative Method 5 Post­
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Test Calibration." This procedure uses a calculation to check the meter box calibration 

factor rather than requiring a physical post-test meter box calibration using a standard dry 

gas meter. The average calculated meter box percent (%) error for the tests resulted in a 

percent error of within ±5% as allowed by Alternative Method 009; therefore, a physical 

post-test meter box calibration was not required. The second procedure AT AQ used is 

Alternative Method 011 (ALT-Oll) titled "Alternative Method 2 Thermocouple 

Calibration Procedure." This procedure involves a single-point in-field check using a 

reference thermometer to confirm that the thermocouple used to measure the stack gas 

temperature was operating properly. This check eliminates the need to conduct a two­

point post-test calibration. 
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SOURCE OPERATION 

The City of Tacoma installed a gas extraction system in July of 1986 consisting of 128 

extraction wells and 66 gas monitoring probe stations with a temporary landfill gas 

combustor (flare). The temporary flare was replaced in November of 1986 with two (2) 

Sur-Lite flares with a combined capacity of 2000 standard cubic feet per minute (scfm) of 

methane. Each probe station consists of one to five probes completed at different depths 

to allow measurements of methane concentration and pressure at various depths below the 

ground surface. The landfill gas combustor stack consists of a refractory-lined steel shell 

with a landfill gas burner at the base. A blower/flare station, centrally located at the 

landfill, provides the vacuum for the gas collection. Centrifugal blowers create the 

necessary vacuum in the gas collection wells and trenches to extract the gas and vent it 

through the combustor burners. This facility includes tow (20 40 hp Haulk centrifugal 

blowers, each designed to handle 100 percent of the 2000 scfm landfill gas system 

capacity. The system was designed to provide a minimum residence time of 0.5 seconds 

at 1400°F. 

In 1988, the City installed an additional 82 deep landfill gas extraction wells, II off-site 

landfill gas monitoring probe stations, and 6,000 linear fee of additional collection header 

plPll1g. In 1992, the City upgraded the existing flare station to increase capacity and 

improve system reliability. The Sur-Lite flares were renovated and placed on a newly 

constructed foundation along with (2) new flares manufactured by the Perennial Energy 

Company. Contaminated groundwater at the landfill is remediated with a groundwater 

extraction and treatment system. Two air stripping towers were installed in 1992 with 

space reserved to add a third tower. The system utilized an acid wash unit to periodically 

remove scale deposits on the packing material. One tower is in continuous operation 
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while the second tower is reserved for times during which maintenance or acid washing of 

the operating tower is required. The extraction system consists of a network of 

groundwater extraction wells to contain migration of the plume and remove groundwater 

contaminated with volatile organic compounds (VOCs) and certain inorganic constituents. 

The treatment system employs air stripping technology to remove VOCs from the 

extracted groundwater. Each air stripping tower was designed with a groundwater flow 

capacity of 1100 gallons per minute (gpm) and an airflow capacity of greater than 8000 

cfin. 
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5.0 
SAMPLING AND ANALYSIS PROCEDURES 

5.1 EPA Methods I, lA, and 2 - Velocity, Temperature, and Airflow 

EP A Methods I, I A and 2 were performed to measure the stack gas velocity and 

temperature for calculating the volumetric flow rate. Since the inner diameter (id) of the 

flare inlet duct is approximately 10 inches, the protocol for small duct testing outlined in 

Method IA was employed. This protocol involves measuring the velocity simultaneously 

at a location downstream of the sampling location. The ports and traverse points at the 

velocity location were configured identically with those at the sampling location. Because 

the gas flow was measured at least eight stack diameters downstream of the sampling 

location, the gas flow had the opportunity to resume a laminar flow pattern, and the 

measurements at the velocity location were equivalent to those at the sampling location. 

Stack gas velocity was measured using a pitot tube (either standard pitot or S-type pitot) 

connected to an inclined manometer. The pitot tube lines were leak checked prior to 

sampling and manometer was leveled and zeroed prior to use. Stack gas temperature and 

other necessary temperatures were measured using K-type thermocouple probes attached 

to digital thermocouple indicators. 

EP A Method I procedures were used to assure that representative measurements of 

volumetric flow rate were obtained by dividing the cross-section of the flare outlet into a 

number of equal areas, and then locating a traverse point within each of the equal areas. 

Refer to the "Stack Schematic and Location of Sample Points" data sheet and/or the 

tigure titled, "Location of Sampling Ports and Traverse Points," located in the appendices 

of this report for a schematic of the flare outlet and the point locations selected for testing. 
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EPA Method 2 was performed to measure the stack gas velocity using a type S or a 

standard pitot tube, and the gas temperature using a calibrated thermocouple probe 

connected to a digital thermocouple indicator. Calibration information for each pressure 

and temperature measurement device used is included in the appendices of this report. 

Temperatures were measured using calibrated thermocouple probes connected to Fluke" 

digital thermocouple indicators. A schematic of the ducts and the point locations selected 

for testing is included in the appendices of this report. 

5.2 EPA Method 3A and Fixed Gas Analysis 

The concentration of fixed gases at the inlet sample site (carbon dioxide (C02), carbon 

monoxide (CO), oxygen (02), nitrogen (N2), and methane (CH,)) was quantified by 

Atmospheric Analysis and Consulting, Inc. using the gas collected in SUMMA® canisters 

for TO-14A analysis. A gas chromatograph equipped with a thermal conductivity detector 

(GC-TCD) was used for this analysis, which detects percent levels of these compounds. 

The fixed gas data were used to calculate the molecular weight of the flare inlet gas for 

use in volumetric flow rate calculations. 

EPA Method 3A was performed to determine the molecular weight of the stack gas based 

on percent-level measurements of the concentration of O2 and CO2. EPA Method 3 A uses 

instrumental analyzers to measure O2 and CO2. A paramagnetic analyzer was used to 

measure the percent (%) O2 and a non-dispersive infrared (NDIR) analyzer was used to 

measure the % CO2. The manufacturer and model number for the specific analyzers used 

tor this test were recorded on a form titled "Continuous Analyzer Checklist," which is 

included in the appendices of this report. This form was used to determine which 

specifications to include in the appendices of this report. Several EPA Protocol No. I 

calibration gases were utilized to check the calibration of the analyzers for this test. A 

form titled "Calibration Gas Checklist" is included in the appendices of this report. This 
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form was used to determine which certificates of analysis to include in the appendices of 

this report. 

The Method 3A sample system is illustrated in the figure titled "EPA Method 3A, 6C, 7E, 

10, and 25A Sample Train" in the appendices of this report. Gaseous emission samples 

were collected at a point of average concentration in the stack, unless otherwise noted. 

An effluent gas sample was drawn through a stainless steel sampling probe and out-of­

stack filter, which were sufficiently heated to prevent condensation. A sampling tee was 

connected to the inlet of the probe for the purpose of introducing calibration gas to flood 

the probe. The gas sample passed through a refrigerator-type moisture removal system, 

which continuously removed condensate from the sample gas. A Teflon"" sample line was 

used to transport the gas sample to the continuous monitoring system. A Teflon®-coated 

leak-free pump was utilized to pull the sample gas through the system at a flow rate 

sufficient to minimize the response time of the measurement system. A sample flow rate 

control valve and rotameter were used to maintain a constant sampling rate within 10 

percent. Prior to testing, probes, sample tubing, conditioning equipment, analyzers, and 

pumps were determined to be leak-free. The sampling system was leak checked by 

capping off the end of the sample line and pulling at least 10 inches of mercury (Hg) 

vacuum in the system and observing the rotameter drop to zero. 

After the measurement system was prepared for use, a calibration error check was 

performed by introducing low-level, mid-level, and high-level EPA Protocol No. 

calibration gases to the measurement system upstream of the analyzers. No adjustments 

were made to the system except those necessary to achieve the correct calibration gas 

flow rate to the analyzers. A data acquisition system named STRATA recorded the 

responses and calculated whether the concentration displayed by the analyzers exceeded ± 

2% of the span for any of the calibration gases. If this specification was exceeded, the 
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data was flagged by STRATA and the analyzer calibration error check was repeated until 

acceptable performance was achieved. 

Before the first run, a sampling system bias check was performed by introducing 

calibration gases at the sampling tee installed at the outlet of the sampling probe. The 

low-level gas and either the mid-level or high-level gas, whichever most closely 

approximated the effluent concentration, were used for this check. The measurement 

system response time was determined by observing the times required to achieve a stable 

response for both the low and upscale gases. The longer of the two times was used as the 

response time and was taken into consideration when performing other calibration checks. 

STRATA recorded the responses and calculated whether the concentration displayed by 

the analyzers exceeded ± 5% of the span for either the low or upscale calibration gas. If 

this specification was exceeded, the data was flagged by STRATA, the sampling system 

underwent troubleshooting to discover and correct the problem, and then the sampling 

system bias check was repeated until acceptable performance was achieved. 

Once the · testing commenced, measurements from the instruments were recorded at least 

once per minute using STRATA, which automatically averages the data at the end of each 

run. After each run, low and upscale bias and drift tests were performed to check the drift 

of the analyzer and to collect data to allow STRATA to bias-correct the average result 

based on the amount of drift from the beginning to the end of the run. STRATA recorded 

the responses and calculated whether the concentration displayed by the analyzers 

exceeded ± 3% of the previous average span value for either the low-level or upscale 

calibration gas. If this specification was exceeded, the data was flagged by STRATA, the 

sampling system underwent troubleshooting to discover and correct the problem, and then 

the calibration error check and the sampling system bias check were repeated before 

repeating the run. 
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When both the low-level and upscale calibration values were within the sampling system 

bias specification, the average gas concentration was calculated by STRATA from the 

average gas concentration displayed by the gas analyzer, adjusted for the low-level and 

upscale sampling system bias checks. An example calculation of this bias-correction 

calculation is included in the appendices of this report. 

5.3 EPA Method 4 - Moisture 

The moisture content of the inlet stack gas was calculated using psychrometry equations 

referenced in State of Oregon Department of Environmental Quality (ODEQ) Method 4. 

Wet bulb and dry bulb stack gas temperatures were measured and used for these 

calculations. An example calculation of the psychrometric moisture calculation is included 

in Appendix C of this report. 

EPA Method 4 was performed inclusively with Method 26A at the outlet to quantify 

moisture. The impingers were weighed to 0.1 grams before and after each test on a digital 

top-loading balance. The net weight (final minus initial) was used to calculate the amount 

of moisture condensed from the known volume of stack gas collected . 

5.4 EPA Method 6C - Sulfur Dioxide 

Sulfur dioxide (S02) emissions were measured usmg EPA Method 6C, which is an 

instrumental method. An ultraviolet analyzer was used to measure the parts per million 

(ppm) S02 on a dry basis. The manufacturer and model number lor the specific analyzers 

used for this test were recorded on a form titled "Continuous Analyzer Checklist," which 

is included in the appendices of this report . This form was used to determine which 

specifications to include in the appendices of this report. Several EPA Protocol No . 

calibration gases were utilized to check the calibration of the analyzers for this test. A 
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form titled "Calibration Gas Checklist" is included in the appendices of this report. This 

form was used to determine which certificates of analysis to include in the appendices of 

this report. 

The Method 6C sample train is illustrated in the figure titled "EPA Method 3A, 6C, 7E, 

10, and 25A Sample Train" in the appendices of this report. An effluent gas sample was 

drawn through the same sample conditioning system described for Method JA testing. 

Gaseous emission samples were collected at a point of average concentration in the stack 

unless otherwise noted. After the measurement system was prepared for use, a calibration 

error check was performed by introducing low-level, mid-level, and high-level EPA 

Protocol No. I calibration gases to the measurement system upstream of the analyzers. 

No adjustments were made to the system except those necessary to achieve the correct 

calibration gas flow rate to the analyzers. A data acquisition system named STRATA 

recorded the responses and calculated whether the concentration displayed by the 

analyzers exceeded ± 2% of the span for any of the calibration gases. If this specification 

was exceeded, the data was flagged by STRATA and the analyzer calibration error check 

was repeated until acceptable performance was achieved. 

Before the first run, a sampling system bias check was performed by introducing 

calibration gases at the sampling tee installed at the outlet of the sampling probe. A low­

level gas and either the mid-level or high-level gas, whichever most closely approximated 

the effluent concentration, were used for this check. The measurement system response 

time was determined by observing the times required to achieve a stable response for both 

the low-level and upscale gases. The longer of the two times was used as the response 

time and was taken into consideration when performing other calibration checks. 

STRATA recorded the responses and calculated whether the concentration displayed by 

the analyzers exceeded ± 5% of the span for either the low-level or upscale calibration gas. 
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If this specification was exceeded, the data was flagged by STRATA, the sampling system 

underwent troubleshooting to discover and correct the problem, and then the sampling 

system bias check was repeated until acceptable performance was achieved 

Once the testing commenced, measurements from the instruments were recorded at least 

once per minute using STRATA, which automatically averages the data at the end of each 

run . After each run, a low-level and calibration drift test was performed to check the drift 

of the analyzer and to collect data to allow STRATA to bias-correct the average result 

based on the amount of drift from the beginning to the end of the run. STRATA recorded 

the responses and calculated whether the concentration displayed by the analyzers 

exceeded ± 5% of the previous average span value for either the low-level or upscale 

calibration gas. If this specification was exceeded, the data was flagged by STRATA, the 

sampling system underwent troubleshooting to discover and correct the problem, and then 

the calibration error check and the sampling system bias check were repeated before 

repeating the run. 

When both the low-level and upscale calibration values were within the sampling system 

bias specification, the average gas concentration was calculated by STRATA from the 

average gas concentration displayed by the gas analyzer, adjusted for the low-level and 

upscale sampling system bias checks. An example calculation of this bias-correction 

calculation is included in the appendices of this report. 

5.5 EPA Method 7E - Nitrogen Oxides 

Nitrogen oxides (NOx) data were collected usmg EPA Method 7E, which is an 

instrumental method. A chemiluminescent analyzer was used to measure the parts per 

million (ppm) NO, as nitrogen oxide (NO) on a dry basis. The manufacturer and model 

number for the specific analyzers used for this test were recorded on a form titled 
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"Continuous Analyzer Checklist," which is included in the appendices of this report. This 

torm was used to determine which specifications to include in the appendices of this 

report. Several EPA Protocol No. I calibration gases were utilized to check the 

calibration of the analyzers for this test. A form titled "Calibration Gas Checklist" is 

included in the appendices of this report. This form was used to determine which 

certificates of analysis to include in the appendices of this report. 

The Method 7E sample train is illustrated in the figure titled "EPA Method 3A, 6C, 7E, 

10, and 25A Sample Train" in the appendices of this report. An effluent gas sample was 

drawn through the same sample conditioning system described for Method 3A testing. 

Gaseous emission samples were collected at a point of average concentration in the stack 

unless otherwise noted. After the measurement system was prepared for use, a calibration 

error check was performed by introducing low-level, mid-level, and high-level EPA 

Protocol No. I calibration gases to the measurement system upstream of the analyzers. 

No adjustments were made to the system except those necessary to achieve the correct 

calibration gas flow rate to the analyzers . A data acquisition system named STRATA 

recorded the responses and calculated whether the concentration displayed by the 

analyzers exceeded ± 2% of the span for any of the calibration gases. If this specification 

was exceeded, the data was flagged by STRATA and the analyzer calibration error check 

was repeated until acceptable performance was achieved. 

Before the first run, a sampling system bias check was performed by introducing 

calibration gases at the sampling tee installed at the outlet of the sampling probe. The 

low-level gas and either the mid-level or high-level gas, whichever most closely 

approximated the effluent concentration, were used for this check. The measurement 

system response time was determined by observing the times required to achieve a stable 

response for both the low-level and upscale gases. The longer of the two times was used 
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as the response time and was taken into consideration when performing other calibration 

checks. STRATA recorded the responses and calculated whether the concentration 

displayed by the analyzers exceeded ± 5% of the span for either the low-level or upscale 

calibration gas. If this specification was exceeded, the data was flagged by STRATA, the 

sampling system underwent troubleshooting to discover and correct the problem, and then 

the sampling system bias check was repeated until acceptable performance was achieved. 

Once the testing commenced, measurements from the instruments were recorded at least 

once per minute using STRATA, which automatically averages the data at the end of each 

run. After each run, bias and drift tests were performed to check the drift of the analyzer 

and to collect data to allow STRATA to bias-correct the average result based on the 

amount of drift from the beginning to the end of the run. STRATA recorded the 

responses and calculated whether the concentration displayed by the analyzers exceeded ± 

5% of the previous average span value for either the low-level or upscale calibration gas. 

If this specification was exceeded, the data was flagged by STRATA, the sampling system 

underwent troubleshooting to discover and correct the problem, and then the calibration 

error check and the sampling system bias check were repeated before repeating the run. 

When both the low-level and upscale calibration values were within the sampling system 

bias specification, the average gas concentration was calculated by STRATA from the 

average gas concentration displayed by the gas analyzer, adjusted for the low-level and 

upscale sampling system bias checks. An example calculation of this bias-correction 

calculation is included in the appendices of this report. 

An N02 to NO conversion efficiency test discussed in Paragraph 8.2.4.1 of Method 7E 

was performed on-site for the analyzer used for this project. The analyzer response was 

stable with less than a 2% decrease in NO, analyzer response over a 30-minute period, 
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demonstrating acceptable converter efficiency response. A copy of the N02 to NO 

conversion efficiency test is included in the appendices of this report . 

An interference response test for the NO, and diluent analyzers used on this project has 

been performed in ATAQ's laboratory. For the interference test, approximately 500 ppm 

CO, 200 ppm S02, 10% CO2, and 21 % O2 were introduced to the analyzer and the 

responses were noted to be within the required limits. Documentation of the interference 

check is provided in the appendices of this report. 

5.6 EPA Method 10 - Carbon Monoxide 

Carbon monoxide (CO) emissions were measured using EPA Method 10, which is an 

instrumental method. A gas filter correlation non-dispersive infrared analyzer (GFC­

NDIR) was used to measure the parts per million (ppm) CO on a dry basis. The 

manufacturer and model number for the specific analyzers used for this test were recorded 

on a form titled "Continuous Analyzer Checklist," which is included in the appendices of 

this report. This form was used to determine which specifications to include in the 

appendices of this report. Several EPA Protocol No. I calibration gases were utilized to 

check the calibration of the analyzers for this test. A form titled "Calibration Gas 

Checklist" is included in the appendices of this report. This form was used to determine 

which certificates of analysis to include in the appendices of this report. 

The Method 10 sample train is illustrated in the figure titled "EPA Method 3A, 6C, 7E, 

10, and 25A Sample Train" in the appendices of this report. An effluent gas sample was 

drawn through the same sample conditioning system described for Method 3A testing. 

Gaseous emission samples were collected at a point of average concentration in the stack 

unless otherwise noted. AT AQ conducts EPA Method 10 testing with the same rigorous 

bias and drift requirements as found in EPA Method 6C. After the measurement system 
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was prepared for use, a calibration error check was performed by introducing low-level, 

mid-level, and high-level EPA Protocol No.1 calibration gases to the measurement system 

upstream of the analyzers. No adjustments were made to the system except those 

necessary to achieve the correct calibration gas flow rate to the analyzers. A data 

acquisition system named STRATA recorded the responses and calculated whether the 

concentration displayed by the analyzers exceeded ± 2% of the span for any of the 

calibration gases. If this specification was exceeded, the data was flagged by STRATA 

and the analyzer calibration error check was repeated until acceptable performance was 

achieved. 

Before the first run, a sampling system bias check was performed by introducing 

calibration gases at the sampling tee installed at the outlet of the sampling probe. A low­

level gas and either the mid-level or high-level gas, whichever most closely approximated 

the eflIuent concentration, were used for this check. The measurement system response 

time was determined by observing the times required to achieve a stable response for both 

the low-level and upscale gases. The longer of the two times was used as the response 

time and was taken into consideration when performing other calibration checks. 

STRATA recorded the responses and calculated whether the concentration displayed by 

the analyzers exceeded ± 5% of the span for either the low-level or upscale calibration gas. 

If this specification was exceeded, the data was flagged by STRATA, the sampling system 

underwent troubleshooting to discover and correct the problem, and then the sampling 

system bias check was repeated until acceptable performance was achieved. 

Once the testing commenced, measurements from the instruments were recorded at least 

once per minute using STRATA, which automatically averages the data at the end of each 

run. After each run, bias and calibration drift tests were performed to check the drift of 

the analyzer and to collect data to allow STRATA to bias-correct the average result based 
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on the amount of drift from the beginning to the end of the run. STRATA recorded the 

responses and calculated whether the concentration displayed by the analyzers exceeded ± 

3% of the previous average span value for either the low-level or upscale calibration gas. 

If this specification was exceeded, the data was flagged by STRATA, the sampling system 

underwent troubleshooting to discover and correct the problem, and then the calibration 

elTor check and the sampling system bias check were repeated before repeating the run. 

When both the low-level and upscale calibration values were within the sampling system 

bias specification, the average gas concentration was calculated by STRATA from the 

average gas concentration displayed by the gas analyzer, adjusted for the low-level and 

upscale sampling system bias checks. An example calculation of this bias-correction 

calculation is included in the appendices of this report. 

5.7 EPA Method 25A - Total Hydrocarbons (THC), Methane (CH.), and 
Non-Methane Organic Compounds (NMOC) - Flare Outlet 

To quantify non-methane organic compound (NMOC) emissions, a portion of the stack 

gas was continuously extracted and passed through a J.U.M. Model I09A analyzer which 

is equipped with matched dual hydrogen flame ionization detectors (FID) to separate total 

hydrocarbon (THC) and methane (CH.). The manufacturer and model number for the 

specific analyzer used for this test were recorded on a form titled "Continuous Analyzer 

Checklist," which is included in the appendices of this report. This form was used to 

determine which specificatiuns to include in the appendices of this report. Several EPA 

Protocol No. I calibration gases were utilized to check the calibration of the analyzer for 

this test. A form titled "Calibration Gas Checklist" is included in the appendices of this 

report. This form was used to determine which certificates of analysis to include in the 

appendices of this report. This analyzer is typically calibrated with propane or methane 

and expressed as the appropriate equivalent. 
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The Method 25A sample train is illustrated in the figure titled "EPA Method 3A, 6C, 7E, 

10, and 25A Sample Train" in the appendices of this report. The Method 25A sample 

system is separate from the Method 3A, 6C, 7E, and 10 sample conditioning system 

because the gas is introduced to the Method 25A analyzer 011 a hot, wet basis. Gas being 

sampled using Method 3A, 6C, 7E, and 10 enters a moisture removal system prior to 

being analyzed on a cold, dry basis. 

For this combined hot/wet and cold/dry sampling, an effluent gas sample was drawn 

through a stainless steel sampling probe and out-of-stack filter, which were sufficiently 

heated to prevent condensation. A sampling tee was connected to the inlet of the probe 

for the purpose of introducing calibration gas to flood the probe. The gas was routed to 

the instrument van through a heated Teflon®-lined sample line which was maintained at 

150uC. The hot, wet gas was introduced directly into the Method 25A analyzer into the 

first (#1) detector directly via sample capillary, and into the second (#2) detector via a 

proprietary design non-C~ hydrocarbon cutter. The cutter oxidizes and removes all 

hydrocarbons except CH.. Detector # I detects THC including CH., and detector #2 

detects only CH4 . The outputs of the two (2) detectors are coupled to individual 

electrometers. The dual detector and electrometer designs provide a real-time analysis of 

THC and CH4 . A slipstream of the stack gas was routed to the Method 3A, 6C, 7E, and 

10 sample system hy passing the gas through a refrigerator-type moisture removal system, 

which continuously removed condensate from the sample gas. Once the moisture was 

removed, the gas continued into the other analyzers. A Teflon""-coated leak-free pump 

was utilized to pull the sample gas through the system at a flow rate sufficient to minimize 

the response time of the measurement system. A sample flow rate control valve and 

rotameter were used to maintain a constant sampling rate within 10 percent. Prior to 

testing, probes, sample tubing, conditioning equipment, analyzers, and pumps were 



45 

determined to be leak-free. The sampling system was leak checked by capping off the end 

of the sample line and pulling at least 10 inches of mercury (Hg) vacuum in the system and 

observing the rotameter drop to zero. 

Gaseous emiSSIOn samples were collected at a single point In the stack. After the 

measurement system was prepared for use, a calibration error check was performed by 

introducing low, mid, and high-level EPA Protocol No. I calibration gases to the 

measurement system upstream of the analyzers. No adjustments were made to the system 

except those necessary to achieve the correct calibration gas flow rate to the analyzers. A 

data acquisition system named STRATA recorded the responses and calculated whether 

the concentration displayed by the analyzers exceeded ± 2% of the span for any of the 

calibration gases. If this specification was exceeded, the data was flagged by STRATA 

and the analyzer calibration error check was repeated until acceptable performance was 

achieved. 

Before the first run, a sampling system bias check was performed by introducing 

calibration gases at the sampling tee installed at the outlet of the sampling probe. A low­

level gas and either the mid-level or high-level gas, whichever most closely approximated 

the effluent concentration, were used for this check. The measurement system response 

time was determined by observing the times required to achieve a stable response for both 

the low-level and upscale gases. The longer of the two times was used as the response 

time and was taken into consideration when performing other calibration checks. 

STRATA recorded the responses and calculated whether the concentration displayed by 

the analyzers exceeded ± 5% of the span for either the low-level or upscale calibration gas. 

If this specification was exceeded, the data was flagged by STRATA, the sampling system 

underwent troubleshooting to discover and correct the problem, and then the sampling 

system bias check was repeated until acceptable performance was achieved. 
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Once the testing commenced, measurements from the instruments were recorded at least 

once per minute using STRATA, which automatically averages the data at the end of each 

run. After each run, a low-level and calibration drift test was performed to check the drift 

of the analyzer and to collect data to allow STRATA to bias-correct the average result 

based on the amount of drift from the beginning to the end of the run. STRATA recorded 

the responses and calculated whether the concentration displayed by the analyzers 

exceeded ± 3% of the previous average span value for either the low-level or upscale 

calibration gas. If this specification was exceeded, the data was flagged by STRATA, the 

sampling system underwent troubleshooting to discover and correct the problem, and then 

the calibration error check and the sampling system bias check were repeated before 

repeating the run. 

When both the low-level and upscale calibration values were within the sampling system 

bias specification, the average gas concentration was calculated by STRATA from the 

average gas concentration displayed by the gas analyzer, adjusted for the low-level and 

upscale sampling system bias checks. An example calculation of this bias-correction 

calculation is included in the appendices of this report. 

5.8 EPA Method 2SC - Non-Methane Organic Compounds (NMOC) - Flare Inlet 

Integrated samples of the gas at the inlet to the flare were collected in evacuated 

SUMMA· canisters using Compendium Method TO-14A. The samples were analyzed lor 

non-methane organic compounds (NMOC). Additional information about sample 

collection and handling is detailed in Section 5.10 (EPA Method TO-14A) of this report. 

Non-methane organic compounds (NMOC) were quantified using a gas chromatograph 

equipped with a thermal conductivity detector (GC-TCD). 
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5.9 EPA Method 26A - Hydrogen Chloride (HCI) and Hydrogen Fluoride (HF) 

The sample train used for chloride sampling was an EPA Method 26A design as illustrated 

in the figure titled "Method 26A Sample Train" in the appendices of this report. The 

"Sample Train Information Sheet" (also in the appendices) details the type of nozzle, 

probe, probe liner, and filter used along with the contents of the sample train impingers. 

To quantify hydrogen chloride (Hel) and hydrogen fluoride (HF) emissions, the stack gas 

was withdrawn isokinetically from the stack and passed through a filter. A glass filter 

assembly was enclosed in a temperature-controlled heated sample box. The temperature 

of the probe liner was monitored to assure that condensation did not occur within the 

probe liner. The probe sheath has type S pitot tubes attached, along with a thermocouple 

sensor for monitoring the stack gas temperature. The thermocouple sensors were 

connected to a digital thermocouple indicator to monitor temperature throughout testing. 

The assembly of the nozzle, probe liner, prefilter connective glassware, and filter is often 

referred to as the "front-half' of the sample train. Following the filter was a condenser 

section which, by convention, is referred to as the "back-half." The impinger section was 

maintained at a temperature below 68°F by keeping ice on the impingers. The 

temperature at the outlet of the silica gel bubbler was monitored to verify that it did not 

exceed 68°F during a test. Note: Some subparts or methods specify alternate 

temperatures for the probe liner, filter holder box, and impinger ice bath. The "Sample 

Train Information Sheet" details any exceptions. 

The sample train was connected to a control box by means of an umbilical cord which 

contains a vacuum hose, pitot lines, thermocouple wires and a 4-wire electrical cord. The 

control box (meter box) is used to monitor stack conditions. The control box contains a 

leak-free pump used to pull the stack gas through the sample train, tine, and coarse 

metering valves to control the sampling rate, a vacuum gauge which measures the pressure 

drop from the sampling nozzle to the metering valves and a calibrated dry gas meter 
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readable to 0.00 I cubic feet. The dry gas meter inlet and outlet temperatures were 

monitored by thermocouples which are connected to the multichannel thermocouple 

indicator. The dry gas meter calibration factor, Y, is determined by calibrating the meter 

against a standard laboratory dry gas meter. 

Stack condition measurements were made pnor to collecting a sample, including 

measurements of velocity, temperature and a check for cyclonic flow in the stack. A 

sample nozzle was chosen and isokinetic operating parameters were established utilizing a 

Hewlett-Packard programmable calculator. The sampling nozzle, probe, and prefilter 

connective glassware were cleaned and rinsed prior to use. The sample train was 

assembled and determined to be leak free following the procedures outlined in Method 5. 

Before each test, a final check was made to assure that the process was operating at the 

desired production rate and operating parameters. A final check was made of the sample 

box and probe heat temperatures . Crushed ice was added to the condenser section. The 

sample nozzle was positioned in the stack at the first sample point. The sample pump was 

then turned on and the gas sampling rate was adjusted for isokinetic sampling. lsokinetic 

sampling proceeded at each of the traverse points. Upon completion of the test, the 

sample probe was removed from the stack and a post-test leak check was performed 

according to Method 5 procedures. Care was taken to assure that the nozzle tip did not 

touch the port nipple. 

The bubblers and impingers utilized for the condenser section or "back-half' of the sample 

train were weighed with a readability of 0.1 grams before and after sampling using an 

electronic top loading balance. The difference between the initial and final weights of the 

condenser section constitutes the amount of moisture gain during the run. The contents of 

the first two (2) impingers containing condensate and o. I N H2S04 were quantitatively 

transferred to a sample bottle. The impingers and connecting glassware were rinsed with 
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deionized water and these rinses were added to the impinger solution in the sample bottle. 

The solutions in the third and fourth impingers containing 0.1 N NaOH (used to scrub 

chlorine) were discarded. The sulfuric acid solution from each run was analyzed for 

chlorides and fluorides using ion chromatography by EPA Method 300.0. The laboratory 

reported the data as chloride (CI") and fluoride (F). 

S.10 EPA Method TO-14A - Volatile Organic Compounds 

Integrated samples were collected at the flare inlet using Compendium Method TO-14A 

for analysis. The TO-14A sample train is illustrated in the figure titled "TO-14A Sample 

System Schematic" in the appendices of this report. This ambient air testing method was 

used for this source testing project to collect integrated samples of gas in evacuated 

SUMMA® electro polished stainless steel canisters. The integrated samples were analyzed 

using EPA Method TO-14A, which utilizes a gas chromatograph equipped with a mass 

spectrometer (GC-MS) to quantifY a standard list ofvolatile organic compounds. 

The TO-14A sampling apparatus included a stainless steel probe, a mechanical critical 

orifice flow regulator or metering valve, and a 0-30 inch vacuum gauge to monitor 

canister vacuum. The system is specifically designed to collect uniformly integrated air 

samples over a predetermined time period. A stainless steel probe was inserted into the 

port to pull a gas sample through the flow controller and into the evacuated canister. The 

Telfon'" sample line was attached to a stainless steel "T" connection, with the side branch 

connected to a vacuum gauge atop the SUMMA" canister; the other end of the "T" was 

connected to a valve with a sample pump attached. The sample train was evacuated to 

approximately one inch above absolute pressure. A leak check was performed by 

observing the vacuum gauge for one (1) minute. The SUMMA" canister valve was 

opened aild the initial vacuum was recorded. The sample line valve was then opened until 

the canister vacuum was zero. 



50 


AAC, Inc., the outside contract laboratory used to analyze these samples, own and 

maintain the integrity of the SUMMA ® passivated canisters and perform leak tests to 

assure that they can contain a gas sample over time. To prepare the canisters, the contract 

laboratory heated them in an isothermal oven to !Ooce. Once heated, the canisters were 

evacuated and maintained under vacuum for several hours. At the end of the 

heated/evacuation cycle, the canisters were pressurized with humid zero air and were 

quality assurance checked with a gas chromatograph equipped with a flame ionization 

detector. Once certified clean, the canisters were reevacuated and remained in the 

evacuated state until they were used. 

Each canister was labeled with an identification tag before it was returned to the contract 

laboratory for analysis. Upon return receipt ofthe canisters by the contract laboratory, the 

pressure of each canister was checked by attaching a pressure gauge to the canister inlet 

and opening the valve briefly to note the pressure. The sample canister was connected to 

the inlet of the GC-MS-SCAN analytical system. A mass flow controller was placed on 

the canister and the canister valve was opened. Following preliminary flushing, the 

canister flow was vented past a tee inlet to the analytical system. The sample was 

preconcentrated in a cryogenic trap, and then the trapped analytes were thermally 

desorbed onto the head of the column to be separated and scanned. Primary identification 

is based on retention time and relative abundance of eluting ions as compared to the 

spectral library stored on the hard disk of the GC-MS data system The concentration of 

each compound was calculated using the previously established response factors. Analysis 

of the gas contained in the canisters was accomplished using GC-MS as described in 

Method TO-14A. 
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S.lI EPA Method 0031 - Volatile Organic Compounds 

A sampling method for volatile organic compounds (VOC) is detailed in Method 003 I of 

SW-846. VOC sampling was performed by absorbing and concentrating samples in 

sorbent modules packed with Tenax®-GCITenax®-GC/Anasorb®-747 resins. Liquid 

condensate was collected in an impinger placed between the 2 Tenax-GC traps and the 

Anasorb-747 trap. The first and second traps contained 1.6 grams (g) of Tenax-GC each, 

and the third trap (back trap) contained 5.0 g of Anasorb-747. The tubes were prepared 

and conditioned by the subcontract analytical laboratory. The tubes were capped until 

they were used, and were capped immediately after sample collection and refrigerated until 

they were analyzed. A set of field blanks were exposed to ambient air for the time it took 

to switch tubes during a run. A set of trip blanks, which did not have the end caps 

removed, accompanied the tubes to and from the laboratory to assure that no 

contamination of the samples occurred during shipment. A set of laboratory blanks 

remained in the laboratory and would be analyzed in the case where high levels of VOC 

were found on either of the trip or field blanks. 

The glassware which is used in the VOC was sonicated for one hour in a solution of 

laboratory detergent, rinsed thoroughly with hot water, rinsed three times with HPLC 

grade water, and baked at a high temperature in a solvent-free oven. The ends were 

capped with glass plugs and stoppers or stainless steel fittings (or pre-cleaned foil) prior to 

use. A heated glass-lined probe was used to extract a sample from the stack. The probe 

was connected to an isolation valve and charcoal trap. Once the gas passed through the 

probe, it entered an ice water-cooled glass coil condenser to cool the gas to below 20 0 C, 

through two sorbent tubes packed with Tenax-GC resin, through an empty knock-out trap 

for condensate removal, through a second water-cooled glass condenser, through a third 

sorbent tube containing Anasorb-747, through a silica gel drying tube, through a calibrated 

rotameter, through the sample pump, and through a dry gas meter. 
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The sample train was assembled and leak checked prior to the start of each run. The 

probe was positioned at a point of average velocity in the duct. Sampling was started and 

the sampling rate was adjusted to a rate of 0.5 liters per minute (Lpm) for 40 minutes. 

Before a set of tubes was switched, the dry gas meter reading was recorded and a post­

test leak check was performed according to VOC procedures. After using a set of tubes, 

the sorbent modules were sealed and packed in a cooler with ice packs for shipment to the 

analytical laboratory. The tubes were switched three (3) times during each test run for 

three (3) sets of tubes . A field blank sample train and a set of tubes was assembled, leak 

tested, and recovered on-site for analysis to check the integrity of the glassware and 

preparation of the sample tubes for each run. The ends of the sorbent modules were 

sealed and labeled as field blanks. One set of field blank tubes was collected during each 

run. One set of unopened tubes remained in the container, which was used to store and 

transport the samples. The unexposed set of tubes was labeled as the trip (or transport) 

blank. A set of media check tubes (laboratory blanks) was also analyzed. The tubes were 

analyzed by purge and trap GCMS. The tubes were desorbed using SW-846 Method 

5041 A., "Analysis for Desorption of Sorbent Cartridges from Volatile Organic Sampling 

Train (VaST)." Analysis of the sorbent traps for volatile organic compounds was 

performed using SW-846 Method 8260B, "Volatile Organic Compounds by Gas 

ChromatographylMass Spectrometry (GCIMS)." 
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6.0 
QUALITY ASSURANCE PLAN 

The purpose of the quality assurance plan is to provide guidelines for achieving quality 

control in air pollution measurements. The detailed procedures, which are utilized, are 

included in the Environmental Protection Agency's (EPA's) reference manual titled 

Quality Assurance Handbook for Air Pollution Measurement Systems, Volume 3, EPA­

600/4-77-027b. These procedures are followed throughout equipment preparation, field 

sampling, sample recovery, analysis, and data reduction. ATAQ's quality assurance 

procedures are discussed below. 

6.1 Calibmtion Procedures and Frequency 

Field equipment utilized for on-site measurements IS calibrated at a frequency 

recommended by the equipment manufacturer or industry practice. Prior to field use, each 

instrument due for calibration is calibrated and the calibration value is recorded. If any 

measuring or test device requiring calibration cannot immediately be removed from 

service, the Project Manager may extend the calibration cycle providing a review of the 

equipment's history warrants the issuance of an extension. Equipment is not extended 

more than twice a calibration cycle, nor will the extension exceed one-half the prescribed 

calibration cycle. Test equipment consistently found to be out of calibration is repaired or 

replaced. 

• 	 The sample nozzles used to collect isokinetic samples were calibrated on-site before 
sampling using dial or digital inside calipers (micrometer) readable to 0.001 inch. 
Three (3) measurements were taken at varying points around the inside of the nozzle 
tip and averaged together. The tester verified that the difference between the high and 
low measurements did not exceed 0.004 inches. If nozzles are nicked, dented, or 
corroded they are replaced. Since AT AQ performs an in-field nozzle calibration; the 
sample nozzles are not marked with a unique identifier as discussed in Section 10.1 of 
Method 5. 
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• 	 The dry gas meters (mounted inside of the meter boxes) used to accurately measure 
sample volumes are calibrated at 6-month intelVals using a standardized laboratory dry 
gas meter. A copy of the current calibration for each dry gas meter used on this 
project is included in the appendices of this report. ATAQ typically follows the EPA's 
Emission Measurement Center Alternative Method 5 Post-Test Calibration (ALT-009) 
procedure to check the meter box calibration for each project. If the calculations in 
AL T -009 do not meet the ±5% criterion, a post-test meter box calibration is 
performed. If a post-test calibration of the meter was performed, a copy of the 
calibration is included in the appendices of this report. 

• 	 The standard dry gas meters used for the periodic recalibrations discussed above 
remain in the AT AQ laboratory and are sent to Homer R. Dulin Company for 
recalibration against an N.l.S.T. traceable spirometer annually as discussed in Section 
16.1 of Method 5. A copy of the standard dry gas meter used to calibrate the meter 

. box dry gas meter is included in the appendices of the report. 

• 	 The type S pitot tubes utilized for velocity determination are calibrated using Method 
2, Section 10.1, and are inspected regularly for wear. Each type S pitot tube is 
marked with a unique identification number. A copy of the current calibration for each 
type S pitot tube used on this project is included in the appendices of this report. If a 
standard pitot tube was used, the Cp is 0.99 and no calibration information is included 
in the report. 

• 	 The magnehelic gauges used for differential pressure measurements are calibrated 
against an oil-filled manometer. These gauges are permanently mounted in a meter 
box or in a separate magnehelic box. They are recalibrated when they are put into 
selVice, when they fail, or when the control boxes are overhauled. 

• 	 The digital thermocouple indicators used to provide a digital readout of temperatures 
from the sample train have a readability of I degree Fahrenheit. These temperature 
indicators are permanently mounted in the meter boxes, so they are identified by the 
meter box ID number. They are sent to the manufacturer for recalibration when they 
fail or the meter box is overhauled. 

• 	 Each thermocouple probe used to monitor stack gas temperature is calibrated when it 
is put into selVice at three (3) temperature settings (ice bath, boiling water, and boiling 
oil). An in-field check was performed for the stack temperature thermocouple at 
ambient temperature as allowed by the EPA's Emission Measurement Center 
Alternative Method 2 Thermocouple Calibration Procedure (ALT-Oll). The stack gas 
temperature thermocouple was compared to a thermometer that has been calibrated 
against an ASTM reference thermometer at ambient temperature. The temperatures 
must agree within ±2"F. The in-field thermometers are periodically checked against 
the ASTM reference thermometer and the difference is recorded on a log that is kept 
in the AT AQ laboratory. 
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Thermocouple probes used to monitor the temperature at the inlet and outlet of the 
dry gas meters are calibrated against a mercury-in-glass thermometer when a meter 
box is built or overhauled or when the dry gas meter is recalibrated. Copies of the 
calibrations for these thermocouples are included with the dry gas meter calibration in 
the appendices of this report. 

A barometer readable to 0.01 inches of mercury was used in the field to obtain 
barometric pressure readings. The in-field barometers are periodically checked against 
a NOVA mercury-filled barometer (primary standard, ill #0439) that is mounted in 
the ATAQ laboratory in Preston, Washington. The difference is recorded on a log that 
is kept next to the barometer. 

Top loading analytical balances readable to 0.1 grams were used to weigh the 
impingers before and after each run where a moisture determination was made. These 
balances have an internal calibration procedure that is performed prior to each 
weighing session. The calibration of the top-loading balances is checked on a yearly 
basis using an outside contractor. 

The Mettler AE 163 electronic balance used to obtain particulate matter weights is set 
to a time integrating mode (100,000 readings per minute) with a readability of 0.01 
milligrams. This balance is kept in a temperature and humidity controlled weighing 
laboratory and sits on a high-density composite table to reduce weighing errors. The 
balance. is calibrated using an internal calibration procedure and audited with class S 
weights prior to every weighing session. The calibration and audit results are recorded 
in a bound laboratory notebook that is kept in the ATAQ laboratory. The calibration 
of the analytical balances is checked on a yearly basis using an outside contractor. 

Copies of calibration information for each measurement device used are included in the 

appendices of this report. All reagents used for this project conform to the specifications 

established by the Committee on Analytical Reagents of the American Chemical Society, 

or the best available grade. 

The gaseous measurement systems are capable of meeting the system performance 

specifications detailed in 40 CFR 60, Appendix A, Method 6C, Section 4. For meeting 

these specifications, the analyzer's calibration error must be less than ± 2% of span for the 

low-level, mid-level, and high-level calibration gases. The sampling system bias must be 

less than ± 5% of span for the low-level and mid- or high-level calibration gases. The low­

level and calibration drift must be less than ± 3% of the span over the period of each run. 
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Copies of certificates of analysis for each tank of calibration gas used are included in the 

appendices of this report. The calibration gases were analyzed following the EPA 

Traceability Protocol No.1, or next best available. Purified nitrogen was utilized as zero 

gas. 

Support equipment is defined as all equipment, not previously discussed, that is required 

for completing an environmental monitoring or measurement task. This equipment may 

include storage and transportation containers, sample recovery glassware, and 

communications gear. Support equipment is periodically inspected to maintain the 

performance standards necessary for proper and efficient execution of all tasks and 

respo nsib ilities. 

During a project, a systems audit is performed, consisting of an on-site qualitative 

inspection and review of the total measurement system. The Project Leader conducts this 

inspection on a daily basis. During the systems audit, the auditor observes the procedures 

and techniques of the field team in the following general areas: 

• Setting up and leak testing the sample train 
• Isokinetic sampling check (if applicable) 
• Final leak check of the sample train 
• Sample recovery 

Visual inspections of pitot tubes, glassware, and other equipment are also made. The main 

purpose of a systems audit is to ensure that the measurement system will generate valid 

data, if operated properly. 
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6.2 Sample Recovery and Field Documentation 


Data collected during each test, were immediately inspected for completeness and placed 


under the custody of the Project Leader until custody was transferred when the samples 


were returned to the Air Quality laboratory. Sample recovery was carried out in a suitable 


area free from particulate matter and other outside contamination. Each sample was 


assigned an identifYing lab number to assist the chemists in tracking the sample. 


6.3 Chain of Custody 


The history of each sample was documented from collection through all transfers of 


custody until it was transferred to the analytical laboratory. Copies of the chain of 


custody forms are included in the appendices of this report. Internal laboratory records 


document the custody of the samples through their final disposition. Care was taken to 


record precisely the sample type, sample time, and sample location and to help ensure that 


the sample number on the label exactly matches those numbers on the sample log sheet 


and the chain-of-custody record. The persons undertaking the actual sampling in the field 


were responsible for the care and custody of the samples collected until they were 


properly transferred or dispatched. Sample labels were completed for each sample bottle 


using waterproof ink. 


6.4 Transfer of Custody and Shipment 


All sample-shipping containers were accompanied by an analysis request or chain-of­


custody record form when they left the site. When transferring the possession of samples, 


the individuals relinquishing and receiving the samples signed, dated, and noted the time 


on the record . This record documents sample custody transfer from the sampler, often 


through another person, to the analyst in the laboratory. 
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The laboratory representative who accepted the incoming sample shipment signed and 

dated the chain-of-custody record, completing the sample transfer process. It is the 

laboratory's responsibility to maintain internal logbooks and custody records throughout 

sample preparation and analysis in accordance with the laboratory's written QA Plan . 

It is important to maintain the integrity of the samples from the time of collection until the 

analyses are performed . The samples were preserved during transportation and storage to 

prevent or retard degradation or modification of chemicals in samples . The samples were 

kept coo I with blue ice packets placed in the coolers the sample were shipped in. Empty 

space in the box or cooler was filled with bubble pack and Styrofoam to prevent damage 

during shipment. The samples were shipped via courier for next day delivery. 

6.5 Data Reduction, Validation, and Reporting 

Raw data are handled according to strict guidelines when being transposed into computer 

files or to other logs. The guidelines include document receipt control procedures, file 

review, and sign-off by a project assistant. Raw data were entered into the appropriate 

computer spreadsheet by a "processor," then the entered figures were checked for 

accuracy by a "checker," different from the "processor. " Any mistakes were corrected, 

and figures were rechecked and signed off by the "checker." In addition, a by-hand 

calculation check of each spreadsheet was made using a hand-held calculator to validate 

the comp\lter output. The "senior reviewer" reviewed all of the data generated by each 

phase of the laboratory or field-sampling program. The "senior reviewer" signed off on 

the data package prior to releasing the data for report preparation. 

The test results were calculated according to EPA 40 CFR 60 criteria. Copies of the 

pertinent equations used to obtain these results are included in the appendices of this 

report. Standard conditions are 68'F and 29.92 inches of mercury. The average values 
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from instrumental analyzer readings were computed and bias-corrected for each test 

period. The average gas effluent concentration was determined from the average gas 

concentration displayed by the analyzer, adjusted for the low-level and upscale sample 

system bias checks. Calculations are on a dry basis (except THC and CH4) using the 

fo llowing equation: 

Cg.. ~ (C - Co) * (Cm./(Cm- Co)) 

where: 

~Cgos 	 Effluent gas concentration, dry basis 
~C 	 Average gas concentration indicated by analyzer, dry basis 
~Cn 	 Average of initial and final sample system bias check responses for the 

low-level gas 
~C ... 	 Actual concentration of the upscale calibration gas 
~Co. 	 Average of initial and final sample system bias check responses for the 

upscale calibration gas 
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EPA METHODS 1, 2, 3C, ANO 4 

PSYCHROMETRIC MOISTURE 

AMTEST AIR aUALlTY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001IPX@CTL-M1-4 INLET 

Client: Paramelrix @ City or Tacoma Landfill 
Location: Tacoma, Washington 
Sample Site: Perennial #1 Landfill Gas Com buster Inlet 
Sample Date: 7/19/07 
Run ,: 1A - Method 2 

Operators: WIG 

Wet Bulb Temperature (Tw): 
Dry Bulb Temperature (Td): 

Vapor Pressure (VP): 
Saturated Vapor Pressure (SVP): 
MoIsture: 

Bws: 

Pilot Tube Cp: 

Stack Width: 
Slack Length: 
Stack Diameter: 
Slack Area: 

Barometric Pressure: 
SIalic Pressure: 

Stack Pressure: 

Average Conc. 02: 
Average Conc. CO2: 

Average Cone. CH4: 

Molecular Weight: 
Molecular Weighl: 

Sample Velocity Temperature 
PoinL (" oIH,o) 

6 0.10 
5 015 
4 0.16 
3 0.17 

2 0.16 

0.16 

Stack Gas Temperature: 
Average Velocily Head: 

Stack Gas Velocity: 
Stack Gas Airflow: 

' F 

104 6 

104.5 

104.8 
104.9 

104.7 
104.3 

104.6 ~F 

0149 "of H20 

867.4 acUmin 

Lab#: 
Start Time: 
Stop Time: 

78.0 

96.4 

0.7683 

0.9671 

2.55 

0.0255 

099 

10.0 

0.545 

29.70 
5.8 

30.13 

3.4 

22.3 

24.7 

28.74 
26.47 

Sample 
Point 

1510 hours 
1520 hours 

OF 
OF 

inches Hg 

inches Hg 

% 

inches 
inches 
inches 

fI' 

inches Hg 
inches H2O 

inches Hg 

percent 
percent 
percent 

gfg·mole-<try 
gIg-mole-wet 

Velocity Temperature 
(" 01 H,O) OF 

564 .6 'R 

26.5 ftlsecond 
795.9 dscF/min 



EPA METHODS 1, 2, 3C, AND 4 
PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001IPX@CTL-MI-4 INLET 
Client: Parametrix @ City of Tacoma Landfill 
Location: Tacoma, Washington 
Sample Site: Perennial #1 Landfill Gas Combusler Inlet 
Sample Date: 7/19/07 
Run #: 19 - Melhod 2 
Operators: lWG 

Wet Bulb Temperature (Tw): 
Dry Bulb Temperature (Td): 

Vapor Pressure (VP): 
Saturated Vapor Pressure (SVP): 
Moisture: 
Bws: 

Pilot Tube Cp: 

Stack Width: 
Slack Length: 
Slack Diameter. 
Slack Area: 

Barometric Pressure: 
Stalic Pressure: 

Stack Pressure: 

Average Conc. 02: 
Average Conc. CO2: 

Average Conc. CH4: 

Molecular Weight: 
Molecular Weight: 

Sample Velocity Temperature 
Point (" 01 H,O) of 

6 0.12 100.6 
5 0.14 100.9 
4 0.15 101.6 
3 0.15 101.7 

2 0.16 101.7 
0.14 101.3 

Slack Gas Temperature: 101.3 of 
Average VelocHy Head: 0.143 "of H20 

Stack Gas Velocity: 
Slack Gas Airflow: 846.9 acf/min 

Lab #: 
Start Time: 1620 hours 
Stop Time: 1630 hours 

78.0 of 
96.4 of 

0.7680 inches Hg 
0.9671 inches Hg 

2.55 % 

0.0255 

0.99 

inches 
inches 

10.0 inches 
0.545 II' 

29.70 inches Hg 
6.4 inches H2O 

30.17 inches Hg 

3.4 percent 
22.3 percent 

24.7 percent 

28.74 gfg~mole"dry 

26.47 gIg-mole-wei 

Sample Velocity Temperature 
Point ("01 H20) of 

561.3 oR 

25.9 ft/second 
782.8 dscflmin 



EPA METHODS 1, 2, 3C, AND 4 

PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Fila Name: 8752-001\PX@CTL-Ml-4 INLET lab #: 
Client: Paramelrix@CilyofTacomaLandfili Start Time: 1730 hours 
Location: Tacoma. Washington Slop Time: 1740 hours 
Sample Site: Perennial #1 Landfill Gas Combuslar lnlel 
Sample Date: 7/19/07 

Run#: 1C - Method 2 

Operators: TWG 

Wei Bulb Temperature (T w): 78.0 of 
Dry Bulb Temperature (T dl : 96.4 of 

Vapor Pressure (VP): 0.7681 inches Hg 
Saturated Vapor Pressure (SVP): 0.9671 inches Hg 
Moisture: 2.55 % 
Bws: 0.0255 

Pltot Tube Cp: 0.99 

Stack Widlh: inches 
Stack Lenglh: inches 
Slack. Diameler: 10.0 inches 
Slack Area: 0.545 n' 

Barometric Pressure: 2970 inches Hg 
Static Pressure: 6.2 inches H2O 

Stack Pressure: 30.16 inches Hg 

Average Cone. 02: 3.4 percent 
Average Conc. CO2: 22.3 percent 
Average Conc. CH~: 24.7 percent 
Molecular Weight: 28.74 g/g-moJe-dry 
Molecular Weight: 28.47 gig-mole-wei 

Sample Velocity Temperature Sample Velocity Temperature 
Point (" of HP ) OF Point ('. of H,O) of 

6 0.12 96.1 
5 0. 13 96.2 

4 0.16 96.8 

3 0.15 96.7 

2 0.16 96.3 

1 0.16 95.3 

Slack Gas Temperature: 96.2 OF 556.2 OR 
Average VelOCIty Head: 0.146 • or H~O 
Slack Gas Velocity: 26.1 ft/second 
Slack Gas Airflow: 852.5 acUmin 794.8 dscffmin 
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EPA METHODS 1;2, 3C, AND 4 


PSYCHROMETRIC MOISTURE 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752-001IPX@CTL-M1-4 INLET 
Client: Parametrix @ City of Tacoma Landfill 
Location: Tacoma, Washington 
Sample Sile: Perennial #1 Landfill Gas Combuster Inlel 

Sample Date: 7/20107 

Run#: 2A - Method 2 
Operators: TWG 

Wet Bulb Temperature (Tw): 
Dry Bulb Temperature (Td): 


Vapor Pressure (VP): 


Saturated Vapor Pressure (SVP): 


Moisture: 

Bws: 


Pilot Tube Cp: 

Stack Width: 

Stack Length: 

SLack Diameter: 
Slack Area: 

Barometric Pressure: 
Slatic Pressure: 

Slack Pressure: 

Average Conc. 02: 
Average Conc. CO2: 

Average Conc. CH~: 

Molecular Weight: 
Molecular Weight: 

Sample Velocity Temperature 

Point (" of H2O) OF 


6 0.11 83.9 
5 0.13 84.4 
4 0.15 849 
3 0.15 85.0 

2 0.15 84.5 
0.12 84.0 

Lab#: 
Start Time: 

Stop Time: 

76.0 
87.9 

0.7766 
0.9053 

2.58 
0.0258 

0.99 

10.0 
0.545 

29.65 
6.2 

30.11 

3.1 
22.7 
25.4 

28.71 
28.43 

Sample 

Point 


0831 hours 
0841 hours 

'F 
'F 
inches Hg 

inches Hg 

% 

inches 
inches 

inches 
ft' 

inches Hg 
inches H;aO 

inches Hg 

percent 
percent 
percenl 

gIg-mole-dry 
gIg-mole-wet 

Velocity Temperature 
('. of H2O) OF 

Stack Gas Temperature: 84.5 OF 544.5 OR 
Average Velocity Head: 0.135 "of H2O 

Stack Gas Velocity: 24.8 ftlsecond 

Slack Gas Airflow: 810.1 acflmin 770.1 dscf/min 



EPA METHODS 1,2, 3C, AN04 

PSYCHROMETRIC MOISTURE 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


Fila Name: 
Client: 
Location: 
Sample Site: 
Sample Date: 
Runt: 
Operators:: 

8752·001lPX@CTL·Ml-4INLET 
Parametrix@CityofTacomaLandfill 
Tacoma. Washington 
Perennial #1 Landfill Gas Combuster Inlet 
7120107 
28· Method 2 
TWG 

lab #: 
Start Time: 
Stop Time: 

0931 
0941 

hours 
hours 

Wet Bulb Temperature [fw): 
Dry Bulb Temperature (Tc(): 

vapor Pressure (VP): 
Saturated Vapor Pressure (SVP): 
Moisture: 
Bws: 

76.0 
87.9 

0.7766 
09053 

2.58 
0.0258 

'F 
'F 
inches Hg 
inches Hg 
% 

Pilol Tube Cp: 

Stack Width: 
Stack Lenglh: 
Stack Diameter: 
Slack Area: 

0.99 

10.0 
0.545 

inches 
inches 
inches 
ft' 

Barometric Pressure: 
Static Pressure: 

Stack Pressure: 

29.65 
6.2 

3011 

inches Hg 
inches H~O 

inches Hg 

Average Conc. 02: 
Average Conc. CO2: 

Average Conc. CH,: 

Molecular Weight 
Molecular Weight: 

3.1 
22.7 
25.4 

28.71 
28.43 

percent 
percent 
percent 

g/g.mole-dry 
glg·mole~wet 

Sample 
Point 

VelOCity 
(" 01 H2O) 

Temperature 
'F 

Sample 
Poinl 

Velocity Temperature 
("oIH,O) of 

6 
5 
4 
3 

0.10 
0.12 
0.13 
0.13 

85.2 
85.9 
86.3 
86.4 

2 0.14 
0.13 

86.2 
85.5 

Slack Gas Temperature: 85.9 of 545.9 "R 

Average Velocity Head: 0.125 "of H2O 

Slack Gas Velocity: 23.9 fVsecond 

Stack Gas Airflow: 781 .0 acFlmin 740.4 dscflmin 
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EPA METHODS 1; 2, 3C, AND 4 

PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A OIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752·001IPX@CTL·M1-4 INLET Lab #: 
Client: Paramelrix@ City of Tacoma Landfill Start Time: 1031 hours 
Location: Tacoma. Washington Stop Time: 1041 hours 
Sample Sito: Perennial #1 Landfill Gas Combuster [nlet 
Sample Date: 7/20/07 
Run #: 2C· Melhod 2 
Operators: 1WG 

Wet Bulb Temperature (T ..,,) : 76.0 ' F 
Dry Bulb Temperature (To): 87.9 ' F 
Vapor Pressure (VP): 0.7766 Inches Hg 
Saturated Vapor Pressure (SYP): 0.9053 inches Hg 
Moisture: 2.58 % 
Bws: 0.0258 

Pilot Tube Cp: 0.99 

Stack Width: inches 
Slack Length: inches 
Slack Diameter: 10.0 inches 
Stack Area: 0.545 n' 

Barometric Pressure: 29.65 inches Hg 
Static Pressure: 62 inches H2O 

Slack Pressure: 30.11 inches Hg 

Average Conc. 02: 3.1 percent 
Average Conc. CO2: 227 percent 
Average Conc. CH~: 25.4 percent 
Molecular Weight: 28.71 gIg-mole-dry 
M~ecular Weight: 28,43 gIg-mole-wet 

Sample Velocity Temperature Sample Velocity Temperature 
Point (" of H,O) OF Point ("0(H2O) OF 

6 0.11 104.3 

5 0.16 104.5 
4 0 .14 107.4 
3 0 .14 113.5 

2 0 .14 86.9 
0.13 86.8 

Slack Gas Temperature: 1006 'F 560.6 OR 
Average Velocity Head: 0.136 "of H20 

Slack Gas Velocity: 25.3 fVsecond 
Slack Gas Airflow: 827.3 acf/min 763.9 dscf/min 



EPA METHODS 1,2, 3C, AND 4 

PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001lPX@CTL-M1-4 INLET Lab #: 
Client: Paramelrix @ City of Tacoma Landfill Start Time: 1138 hours 
location: Tacoma, Washington Slop Time: 1148 hours 
Sample Site: Perennial #1 Landfill Gas Combuster Inlet 
Samplo Date: 7/20107 

Run': 3A - Method 2 

Operators: 1WG 

Wei Bulb Temperature (T w): 80.0 'F 
Dry Bulb Temperature (T a): 93.3 'F 

Vapor Pressure (VP): 0.8891 inches Hg 
Saturated Vapor Pressure (SVP): 1.0326 inches Hg 
Moisture: 2.95 % 

Bws: 0.0295 

Pilot Tube ell: 0.99 

Stack Width: inches 
Slack Length: inches 
Slack Diameter: 10.0 inches 
Slack Area: 0.545 ft' 

Barometric Pressure: 29.65 Inches Hg 
Sialic Pressure: 6.4 inches H2O 

Slack Pressure: 30.12 inches Hg 

Average Cone. 02: 3.3 percent 
Average Conc. CO2: 22.0 percent 
Average Conc. CH~: 25.1 percent 

Molecular Weight: 28.74 g/g-mole-dry 

Molecular We~ht: 28.42 g/g-mo~wel 

Sample Velocity Temperature Sample Velocity Temperature 
Point ("ofH,O) 'F Point (" of H2O) 'F 

6 0.12 86.3 
5 0.13 86.8 

4 0.14 87.5 

3 0.14 87.7 

2 0.15 87.3 

0.12 86.4 

Stack Gas Temperature: 87.0 'F 547.0 'R 
Average Velocity Head: 0.133 "of H20 

Stack Gas Velocity: 24.7 ft/second 

Slack Gas Air1low: 807.8 act/min 761 .8 dscf/min 
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EPA METHODS 1, 2, lC, AND 4 


PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Nama: 8752·001IPX@CTL·Ml-4 INLET Lab #: 
Client: Parametrix @ CUy of Tacoma Landfill Start Time: 1238 hours 
Location: Tacoma, Washington Stop Time: 1248 hours 
Sample Site: Perennial #1 Landfill Gas CombusIer Inlel 
Sample Date: 7120107 
Run#: 38· Melhod 2 
Oper3tors: TWG 

Wei Bulb Temperalure (T...... ); 80.0 'F 
Dry Bulb Temperature (Td): 93.3 'F 
Vapor Pressure (VP): 08892 Inches Hg 

Saturaled Vapor Pressure (SVP): 1.0326 inches Hg 

Meislure: 2.95 % 
8ws: 0.0295 

Pilol Tube Cp: 0.99 

Slack Width: inches 
Slack Lenglh: inches 
Slack Oiameter. 10.0 inches 
Slack Area : 0.545 II' 

Barometric Pressure: 2965 inches Hg 
Slatic Pressure: 6.3 inches H2O 

Slack Pressure: 30.11 inches Hg 

Average Conc. 02: 3.3 percent 
Average Conc. CO2: 22.0 percent 
Average Conc. CH4 : 25.1 percent 
Molecular Weight: 28.74 g/g ~more-dry 

Molecular Weight : 28.42 gfg-mole-wet 

Sample 
Point 

Velocity Temperature 
(0 of H,O) OF 

Sample 
Point 

Velocity Temperalure 
Col H,O) 'F 

6 0.11 85.3 
5 0.13 86.5 
4 0.13 87.9 
3 0.13 88.3 

2 0.14 88.1 
1 0.12 86.9 

Stack Gas Temperature: 87.2 ' F 547.2 OR 
Average Velocity Head: 0.126 ~ of H2 O 

Stack Gas Velocity: 24.1 fVsecond 
Slack Gas Airflow: 787.6 acC/min 742.4 dscflmin 



EPA METHODS 1, 2, 3C, AND 4 

PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Namo: 

Client: 
Location: 

8752-001\PX@CTL-Ml-4INLET 

Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 

Sample Site: 

Sample Date: 

Perennial #1 landfill Gas Combuster Inlet 
7/20/07 

Run #: 
Operators: 

3C · Method 2 

lWG 

Wet Bulb Temperature (Tw): 
Dry Bulb Temperature (T 0'): 

Vapor Pressure (VP): 
Saturated Vapor Pressure (SVP): 
Moisture: 
Bws: 

Pilot Tube Cp: 

Slack Width: 
Slack Length: 
Stack Diameter: 
Slack. Area: 

Barometric Pressure: 
Sialic Pressure: 

Stack Pressure: 

Average Cone. 02: 
Average Cone. CO2: 

Average Cone. CH.: 
Molecular Weight 
Molecular Weigh!: 

Sample Velocity Temperature 
Point e of H,o) OF 

6 0.12 92.5 

5 0.15 92.7 
4 0.13 92.9 

3 0.14 93.0 

2 0.16 92.9 

0.13 92.3 

Slack Gas T emperalure: 92.7 OF 

Average Velocily Head: 0.138 .. of H2O 

Stack Gas Velocity: 
Slack Gas Airflow; 826.7 ad/min 

Lab #: 

Start Time: 1338 hours 
Stop Time: 1348 hours 

80.0 OF 

93.3 OF 

0.6891 inches Hg 
1.0326 inches Hg 

2.95 % 
0.0295 

0.99 

inches 
inches 

10.0 inches 
0.545 fl' 

2965 inches Hg 
6.5 inches H2O 

30.13 inches Hg 

3.3 percent 
22.6 percent 
25.1 percent 

28.74 g/g-mole-dry 
28.42 gIg-mole-wet 

Sample Veloci ty Temperature 
Point (" of H,O) OF 

552.7 OR 

25.3 II/second 
771 .7 dscf/min 



INPUT PAGE: EPA METHOD 3C AND 25C 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Gas Sum File Name: 
Client: 
Location : 

Site Location: 

Sample 
Length 

Run # Date (minutes) 

1 7119107 120 

2 7120107 120 

3A&B 7120107 120 

Start Stop 
Run# Time Time 

1 1510 1730 
2 083 1 1031 

3A 1138 1338 
3B 11 38 1338 

3A&B 11 38 1338 

Run # 
1 Detection Limits 
2 Detection Limits 

3A&B Detection Limits 

Run# 
1 Concentrations 
2 Concentrations 

3A&B Concentrations 

8752-001IPX@CTL GASSUM-INLET 
Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 

Perennial #1 Landfill Gas Com buster Inlet 

Airflow 

(dscf/min) 

791.2 

758.2 

758.6 

O2 N2 CO2 
(%) (%) (%J 
3.4 49.5 22.3 
3.1 48.7 22.7 
3.3 49.0 22.6 
3.3 48.8 22.7 
3.3 48.9 22.7 

O2 N, CO2 
(%J (%J (%J 
0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 

O2 N2 CO2 
(%) (%J (%J 
3.4 49.5 22.3 
3.1 48.7 22.7 
3.3 48.9 22.7 

CO CH. 
(%J (%) 
0.1 24.7 
0.1 25.4 
0.1 25.1 
0.1 25.2 
0.1 25.2 

CO CH. 
(%J (%) 
0.1 0.1 
0.1 0.1 
0.1 0.1 

CO CH. 
(%) (%) 
0.1 24.7 
0.1 25.4 
0.1 25.2 

NMOC 
ppm 
738 
756 
446 
462 
454 

NMOC 
ppm 
1.0 
1.0 
1.0 

NMOC 
ppm 
738 
756 
454 



STRATA BIAS-CORRECTED DATA INPUT PAGE 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Gas Sum File Name: 8752-001IPX@CTL GASSUM-OUT 
Client: Parametrix @ City of Tacoma landfill 
Location: Tacoma, Washington 
Site Location: Perennial #1 Landfill Gas Combuster Outlet 

Sample 0, (%) Moisture Airflow Hours per 

Run# Length Correctior 8 M dseUmln Year 

1 240 NA 0.0817 97927 8760 
2 120 NA 00758 10933 8760 

3 120 NA 0.0867 10551 8760 

Start Stop 
Time Time 

High Range of Span: Run # 1 
High Range of Span: Run # 2 

High Range of Span: Run # 3 

DL % of Span (Normally 0.1 %): 
DL ppm Run # 1 
DL ppm Run # 2 
DL PPI11 Run # 3 

1000 
1000 

1000 

0.1% 
1.0 
1.0 
1.0 

CO 
(ppm) 

45.9 
43.9 
59.4 

100 
100 

100 

0.1% 
0.1 
0.1 
0.1 

S02 
(ppm) 

0.23 
3.47 
4.23 

100 
100 

100 

0.1% 
0.1 
0.1 

01 


NOx I 

(ppm) 

10.63 
9.83 

12.96 

--.l 
For NMOC Calculations ONLY \" 

From M25A (JUM) Analyzer 

THC as CH. 
(wet- ppm) 

10.2 
12.8 
12.4 

1000 
1000 

1000 

0.1% 
1.0 
1.0 
1.0 

THC as CH. 
(wet - ppm) 

10.2 
12.8 
12.4 

METHANE 
(wet - ppm) 

112 
12.5 
16.1 

1000 
1000 

1000 

0.1% 
1.0 
1.0 
1.0 

METHANE 
(wet - ppm) 

11.2 
12.5 
16.1 
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EPA METHODS 1, Z, 3, <ii, AHD z6A 
AMTEST AIR QUALITY, A OMSKlN OF HOEFLER CONSULl1NG GROUP 

File Name: 8752.Q01\PXCCTL M26A Lib ,,: .... H~d~l!n Chloride !HCII Em[ulona 
CIIl!nt: Pacemelrix CD City cflecoma Lan::1fl1l Sllrt Tlm.: 1e:10 hoon C."1londe Delecllon llmi! (lI/llmL): 005 

Location: Tecoma, Washington Stop Tltne: 17~5 ""'" Tolal VoIOO1e of Semple (mL) ' 475 

SlmpllI Length: 120 minutes Tolal VoIl.nlB of Blarlk (mi.) <C" 
Sample Slta: Pel1lrnlll'1 Landfill Gas Combustar DuUe! Dilution Fador 1 
Sampl. Date: 7/18107 ChlO1'lde Sample Delectlon Lunll (iii) 2' 
Run II: 1 • Melhod 26A Chlonda Blank Deler:bon Limit (s) 20 
Operltora: Flllrwell Jr • Radonslu 

Chlonda ConcenlraUon In Sample (g) 2200 

Im2inger Weights Chlonde COnCl!!nlIBlltln In Sample Img): 220 
Final [nllIa! NO! Pilol Tube c;: 084 Chlonde Concenlratlon In Blank (g) 20 U 

grams grams grams Nozzle DiarNllar 0974 ..., .. ChJondIl ConeenI.ralton In Blank (rng) 0020 U .. " 54' . OB' NoZZle Area' 00052 n' 
6750 6<13<1 ". Sladt IMdlh· """', BlInk COITe<:ted RuuKs 

583. 5764 " Stadt Lqlh: '"",", Ctlloride Cone8nLnltJon In Sample (mgj. 220 
9727 9532 195 Stack DUlmeLer. 1180 ",,"', HO C~llan in Sample (m;)· '2. 

Total H:O G8Ir •. 154.8 SUIdI;Aru. 759 n' HCl COoGenlralJon in Aw (mgldscm): 0974 

T~al Volume (sd). 7.30 MeIer Tampetllt.n· 82' 'F HCI EmisSIOn Concenlr8bon (ppm~ 004' 
Meuu.'lId MoistlJ:ll (%] 8.17 Bammetnc PnlUtn. 2070 inchel Hg 
Muaured aws· 00817 Sletlc Pr8slUnl: "().Ol ind\a$ HP 
Psyt.hrornelric MOIsture (%J. NA Stack Pn!ssuu· 29.70 in:hes Hg !!td~l!n fluoride jHFI EmlulGtls 

AQ.ual Moisture (%). 8.17 Qrr(u Prau..n: 1570 ""","" FIuonde Delectlon Lunl1 (8frnl) 005 
Actual Bw!· 00617 Meter PrlllllA: 21182 inches Hg Tolal Volume 01 Sample (ml] 475 

Tolal Volume 01 Bllri: (mi. ] '00 
tnillal 'Aeler Volume (n~ · 28476 Average Cone. 0,,: 117 """"" DilulJon Fedor 1 

Final Matar Volume (n1)" 112834 Average Cone.. CO:!· 78 percent Fluonde Semple Del&d!an LllTUt til; 2' 

Volume Sampled (n~: 84358 Mo/eaJ!ar Welght 29.72 gfg-mol"eo.(jry Fluolide Blank OaleC\Jon LlIJlIt (0) 20 
Stane'an:! Voluma (dsef): 82062 MoiBOJiar Weight. 2878 gfg-mol"e-weL 

Staodan:! Volume (daan) 2324 Auoride Conceolretlon In Sample (A) 1700 
V Fador 100' Y Factor Cal. Chad<. 0963 Auoride Conceolrallon 10 Sample (mg). 170 

DeliaH C. 1941 Pert:llnt Emr: ~, % Fluoride ConcenlraUon in Blank (0): 20 U 
Fluoride ConcentraUon In Blank (mg) 0020 U 

Semple VeloClty TempefillullI 5""". VeloClly Temperalure 
Poml ('. of K,O) 'F Poml (" 01 H,o) 'F Blank COm!ded Ruull. 

Fluonde Concentration In Sampla (mg). 170 

A4 0005 1<l40 e, 0000 1410 HF Concel\lnlllcn In Sample (mg) 179 , 0.1109 1<l27 , 0008 1375 HF Coocenlrill~on In Air (mg/dsanl · 0770 , 0.009 '474 , 0007 1349 HF Errulion ConcanltaUoo (ppm] 0925 
0006 '461 , 0.006 1390 

a, 0002 1451 O. 0.003 1382 , 0.007 1438 , OOOS 1450 
2 0007 ''''' 2 0003 1~01 

0010 1238 0009 1338 

Percent [loklneliC!· 103 % 

StaCk Gas Temperatura· 1397.4 'F lSS74 'R 
Average VelOCity Head 0006 ·ofl-l,O 
Stack Gas Veloot) 8.2" ",second 
Stack Gas AlrIIow. 37792 acflrmn 97"2.7 'oct'mm 
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EPA METHODS 1, 2, 3, 4, AND 26A 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

File Name: a7S2.oo1\pX~TL M26A Lab III: 'SO' H~droge n Chloride ('"'Gil Emllillons 
Cllenl: Parametnx C City of Tacoma Lanc:ffiU Start 11me: .. " ","" Chkm:se DeleCIJOfI Llml' (#ml! lO' 
LonUoo: Te:oma. Wamngton Stop Time: 1('" ""',. To!al Volume d. $ampll (ml: ". 

S'mple Length: '20 lrinules '00 
Simple SUe: Perenn:allli landfjlJ Gas Combuslar QuUet , 
Sample Olh~: mOlO? Ch/oooe Sample Detection Llmll (9; 23 

Run": 2 • MeLhod 26A ChroMe Shmk Detection LIM (9)" 20 

Operiillors: Farwell Jr , Radonski 
Chlonde Concentr8ltonln Sample (g] '000 

Imelnliler Weights Chi:mde COllCenlr'a~on In Sample (mg). 180 
Fmal Iml/al Nel Pilot Tube <;. 0.84 Chlonde Concon lr.lton In 81ar.k (g). 20 U 

grams grams !lams Noull O.ameler 0974 """, C~ ConcanlraU~ In Blank (mg) 0020 U 

9721 6750 .71 Noule Mila: 00052 " 7680 7254 3'6 Stadt Wdlt.. """", Blink Conecle<! Reaults 

5764 572 4 .0 Sl8d!. Length· H"lCtlea Chlondll Coocan\1a\Jon m Smnv.1I (mg~ 180 

913 9 '!lO , 2JD SlIek [)dJmlltar "80 irC/'l81 HCI Canc:.anlrallon In Sample (mg). 18' 
Tola11110Gelll. 1637 StaCkA/aa. 759 n' HCI Concen\1allon In AIr (mgfdsem): 0694 

Tolal Volume (sd)· 772 Matar Tampsllllure· 750 OF HCI Errvsslon Concan\1auon (ppm;. 0458 
~easured MOisture (%1 75. Baromelnc Pressure· 29 tiS incJlelHg 
Measured 8ws· 0.0758 SlaUc Prenurn· -00' lncl1ea HP 
Psyetvomelnc MOisture (%i . NA Sladt Prauura. 29.65 lnctIel Hg 4:tdr~en Fluoride (!-IF) Emliliona 

Actual MOisture (%; 758 Onfica Prenul"!. 2026 I!1d\es,",O FlUOride [)election limit (I&'mL). 005 

Aclual Bw! 00758 Mel ... PtuSU'f.. 29.80 inches Hg TO\a1 Volume of Sample (mL)· '" 400 
lrul ,al Me!er VokIme (rf) 113278 Averaga Cone. 0,: "6 .-0"' 

, 
Fmal MellM" Veluma {n"· 208 675 AY8nIga Co."oC. 00,: 6' "'""" Fluonde SlImplll Detection Lln'll (g). " 
Volume Sampled (n~ 9559. MoIeaiar Weigh!· 29 55 gIg.moll-dry F1ua1de Blank Delec\)Ol'l Llmll (9). 20 

Slandard Volume (dsd)· 94142 MOleaJlarwelght " .. g1g-moll-wel 

Standard Volume (dsem, 2 .... F1uDllda ConcentraUon In Sample (g) "00 
Y Factor , 00' 'f FadorCal. Check· 0962 Fluondl Concentr.llron 10 Simple (mg) 130 

Della H~. 1 941 Plrt:8nt Error -<, " FlUOfide Coocentra~on In Blank (s) 20 U 
FIUOf1de Conc.enlraIJon In Blank (mgt 0020 U 

Sample VelOCIty TemperalW"B S""". VelOCity Temp8rBlura 
Poinl rofH;.OJ 0' Poml ("" ofH1O) 0' Blank Correc ted Results 

Fluoride Concentral/Clllln Samp)e (mg~ 130 

A< 0007 1270 C. 0010 In' HF Concentra~on 11"1 Sa~1 (mg) 137 , 000' mo 3 0000 ,,50 HF Concen!ra~on In AJr (m~san) 0514 

2 00'0 1373 2 0007 13nl HF Emission COllcenlrallOn (ppm1 0617 , 0006 1282 0009 '362 

•• 0008 1165 D. 0006 1182 
3 0007 1251 3 0000 1491 
2 0007 116-'1 2 000' '445 

0006 1307 00'0 1:223 

Percllnl lsolo;lnelia:· '05 % 
Stack Gas Temperature· 12879 "F 17479 OR 
Average VelOCIty HOlc 0007 "or~o 
SlaeJ< Gas VelOCIty .67 ",second 

Slack Gas Au110w 39519 ad/mIn 10933 """"" 
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EPA METHODS 1, 2.1, C, ANO 2GA 

AMTEST AIR aUAUTY, A DMstON OF HOEFLER CONSULTING GROUP 

Fill! Nlme; 8752-OO1\PXCCTl M26A lib II: '506 H~dr09:l!n Chloride IHC11 Emissions 
eUlnt: Pacamaltlx = City ot Tacoma Landr~1 Start TIme: 1138 "oun Chlondll Det&Cllon limit (lUfmL). OOS 
LOI:.llon: 18::0/1"03. Washington Slop Tlme: 1351 houn Talal Volume of Sample (mLi 'SO 

Simple length: 120 mil1Ula! '00 
Simple Site: Peferrial"1 Landrll Gas Combust., Queel 1 
Sample Dlle: 7f20107 Chloride Samp!Q OeledKln Limll (01). 23 
Run": 3· MI!hod 2eA Chloride Blank Oelect.on limit (9; 20 
0pullorl: Farwell Jr . Rad:mskl 

Chlonclll Conc.tntraUoo In Sample (g). 2~OO 

Im~rnger WI!!ghl" Chlom" Ccnctl"llr1lUon in Sample (mg; "0 
Fll'lal Il'IIbal No' ""01 Tibe c:;: 094 Chlande Cclncerr.JUon in Blank (8) 20 U 

mam1 ~ms !lams Nowe OWme\er: 0974 inchn Chlonde Concenlfa~on If) 81aM: (mgl 0020 u 
8130 71H; 101 " NozzleAru 00052 " .... 638' 305 Slack'Mdth" inches Blink Comtcled R .. uKs 

500' 4956 52 51110: length: inches Chlonde ConeenlratJon)fl Sample (mg] 2.10 

9575 9230 ,,, Stadt Diameter 1180 inches HCI Concenlra~on In Sample (mg): "5 
Tolal 1-1,0 Glln" 1717 Stadt Area. 759 ft' HO Concenlra~on In Air (mgldsClT\) 0894 

Total VOUne (seQ 810 Meter TempereILII'Ii. 855 OF HCI EmiSSIOn Conc&ntralion (ppm). 0'90 
Meuured Mol5lute I"')" 8.e7 Barometric PnlUlft ".5 inches H/jI 

Measured Bws 00067 Stolle PreSSUIlll: -001 Inchu 1-\0 
Psychtol'MlJ\c MoIsture (%1' NA Stack PreSStJnl: 2965 inches Hg H;r:drogen fluoride jHF) Emlnlons 

Actual M0I5ture (%1 '57 Ontlce PmssUff, 18" inches 1110 Auonde Detection llmll (,l9lmL) aas 
Actuel Bw! 00867 Meter PllIIssure 20" Inches Hg TaIBI Volume of Sample [mll "0 

'00 
Initial MeIer Volume (It'}. 209 227 Averuge Com:. 0; 118 J'O'U"I 1 

Fmal MelerVolurne 1ft': 297 "35 AYI!mge Cone. CD,: 77 P"<"" Auoode Sample De(8CI/On lunIl fO ; 23 

Voh.me SiiJmpled (It'). "208 Molecular weighl 2970 WII-mo/e-dry AuoridfI Blank Detection LlI1lit (8)" 20 
SUindard VoI~e (dsc.f, 

" 25!1 
Molecular Weigh! 2859 gl'g-mo!e·wet 

Standard Volume (dson) 2415 Fluoode Concentration In Sample (.IIi 1200 
Y Factor 100' Y Fador Cal CheCk. 1015 Fluonde Concenlriillon In Sample (mg) ' 120 

Della H G' "" Percent Error 12 " FIUOfide Concentration If'I Blank (g~ 20 U 
Fh.Jorida Ccnc.anlnIlIon In Blank (mg) 0020 U 

Sampla VeloCIty T emperalU"e 
SO_ 

Velodly Tempere\unt 
POInt ("" oI H)O) OF ""'" rof~) OF Blank Corrected Results 

Fluoride CO!'I(:entral,on In Sample (mgl 120 
A4 0005 1400 e, oao, 1373 HF Concentrallcin If'I Sample (mg: 126 , 0.000 1508 , 0004 "'5 HF Concentration In Air (mgldsQn). 0523 

2 0.010 1444 2 0008 1419 HF EmiSJlon Concentration (ppm): 0629 
1 0007 1361 1 0008 133' 

9, 0007 1400 0' 0011 1393 , 0005 1376 , 0010 1322 
2 0010 '.0103 2 0005 ,," 

0010 1385 0006 1410 

Percenltsokineltc!'. " " Stack Gas Temperalure 1411.1 OF 18711 OR 

Awrage Ve!OQty Heat' 0007 ·olH:.0 
Stack Gas VelOCIty' 907 ~."""" 
~1V".k G,,~ A,rllt)W 41314 .dIn>" 10551 '''"= 



File Name: 

EMISSION CONCENTRA nON RESULTS 
TO-1.4A VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Lab Number(s): 4507 
Client: 

8752-OOHPx@cn TO-15 
Parametrix@CltyolTecomaLandrlll 
Tacoma, WashillQlon 

)70784·27273 
LacllUon: 
Sample Dales: 
Sample Times: 

ANALYTE 

Chlorodifluoromethane 
Propylene 

Oichlorocllfluoromethane 
Chloromethane 

7/19107 
1510 1730 

1,2-01C:.hloro-1, 1,2,2-Telrafluoroethane 
Vinyl Chloride 

Methanol 
1,3-Butadlene 

Brornomethane 
Chloroethane 
Oichlorofluoromethane 

Ethanol 
Vinyl Bromide 
Acetone 

Trichlorofluorornethane 
Isopropyl Alcohol 
Acrylonitrile 
1,I-Dichloroethylene 
Methylene Chloride 
Allyl Chloride (Chloroprene) 
Carbon Disulfide 
1,1,2-Trichloro-t,2,2· Tnfluoroeihane 
l.l,2.DIC:hloroethylene 

1,l·Didlloroethane 
MTBE 
Vinyl Acetale 

2·Butanone (MEK) 
cls·1,2· Dichloroethene 

Hexane 
Chloroform 
Ethyl Acelate 
Tetrahydmruran 
1,2·Didlloroelhane 
1, t,1·Trichloroethane 
Benzene 
Carbon Tetrachloride 
Cyclohexane 
1,2.Dichloropropane 
Bromodichlorornelhane 
1,4-Dloxane 

Trichloroethene 
2,2,4·Trimethylpentane 
Heplane 
cls-1,3-0ichloropropene 
4.MeihyI-2·Penlanone (MiBK) 
l·l,3-Dichloropropene 
1,1,2-Trichloroethane 

Toluene 
2-Hexanone 
Dlbrornochlorornethane 
1,2·Dlbromoethane 
Tetrachloroethylene 
Chlorobenzene 
Elhylbenzene 
m- & p·Xylenes 
Bromofonn 
Slyrene 
1,1,2,2·TeLrachloroelhane 
o.Xylene 

.<·Ethyltoluene 
1 ,3,5-Trimelhylbenzene 
1,2,4-Tnmethylbenzene 
Benzyl Chloride 

1,3-DiChlorobenzene 
1,4-Didllorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

Airflow: 7912 

~1 PerennIal Combuster Inlet 
Sample DL 
Run 1 Run 1 

fJQ1m3 u9:{mJ 

1670 990 
4560 "2 
1176 U 1178 
578 U 578 

1957 U 1957 
991 715 

1834 U 1834 
619 U 619 

IOB7 U IOB7 
738 U 738 

1178 U 1178 
1055 U 1055 
1224 U 1224 
1590 1330 
1460 U 1460 
1376 U 1376 
607 U 607 

1099 U 1099 
973 U 973 
876 U 676 
B72 U 872 

2145 U 2145 
1110 U '110 
1122 U 1122 
1009 U 1009 
986 U 986 
825 U 825 

1099 U 1099 
3100 987 
1368 U 1368 
1009 U 1009 
1010 825 
1122 U 1122 
1528 U 1528 
1380 893 
1763 U 1763 
1740 963 
1294 U 1294 
1875 U 1875 
1009 U 100' 
1500 U 1500 
1308 U 1308 
4340 1147 
1248 U 1248 
1147 U 1147 
1248 U 1248 
1522 U 1522 
6370 1053 
1147 U 1147 
2384 U 2384 
2118 U 2118 
1900 U 1900 
1288 U 12B6 

16900 1213 
14700 2427 
86SO U 8660 
1192 U 1192 
1923 U 1923 
3760 1213 
1376 U 1376 
1420 1374 
4030 1374 
7245 U 7245 
1683 U '683 
1683 U 1683 
1683 U 1683 
2077 U 2077 
2985 U 2985 

ATAQ 

AN; 

dscCfmin 



17 
EMISSION CONCENTRATION RESULTS 

TO·14A VOLA11LE ORGANIC COMPOUNDS 
AMlEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 
Client: 
Location: 
Sample Dales: 
Sample Times; 

ANALYTE 

ChlorodlnUoromelhane 
Propylene 
DichlorodinuoromeLhane 
Chloromethane 

B752-OO1\PX@CTl TO·15 
Paramelrix@CllyofTacomalandfili 
Tacoma, Washmgton 
7120107 
0831 1031 

1,2-Dichloro-l,l,2,2-Tetrafluoroelhane 
Vinyl Chloride 
Methanol 
l,3-Buladiene 
8romometnane 
Chloroelhane 
Dichloronuoromelhane 
Ethanol 
Vinyl Bromide 
Acetone 
Trichloronuoromelhane 
Isopropyl Alcohol 
Acrylonitrile 
1,1.Dichloroelhylene 
Methylene Chloride 
Allyl Chloride (Chloroprene) 
Carbon Disulfide 
1,1 ,2-Trichloro-l,2,2· Trifluoroethane 
t-l,2-Dichloroethylene 
1,1·Dlchloroethane 
MTBE 
Vinyl Acetate 
2-Butanone (MEK) 
cis-1,2- Dichloroethene 
Hexane 
Chloroform 
Ethyl Acetale 
Telrahydrofuran 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Benzene 
Carbon TetrachlOride 
Cyclohexane 
1,2-Dichloropropane 
Bromodichloromethane 
1 A-Dioxane 
TnchlOfoelhene 
2,2,4-Trimethylpentane 
Heplane 
cls-1,3·Dlchloropropene 
4·Methyl·2·Penlanone (MiBK) 
l-l,3-Dichloropropene 
1,1,2' Trichloroethane 
Toluene 
2-Hexanone 
Dibromochloromethane 
1,2-Dibromoethane 
T eirach ioroethylene 
Chlorobenzene 
Ethylbenzene 
m- & p-Xylenes 
Bromoform 
Styrene 
1,1.2.2-Telrachloroelhane 
o-Xylene 
4.Ethylloluene 
1,3,5-Trimethylbenzene 
1,2,4· Trimelhylbenzene 
Benzyl ChlOl"ide 
1,3·Dichlorobenzene 
1 A·Dichlorobenzene 
1,2-Dlchlorobenzene 
1 ,2A-Trichlorobenzene 
Hexachlorobutadlene 

u .. uml$l$ct~d 1I1Ipt1C16!d d!l&C~on 1111111 (Ol) 

Lab Number(sJ: 4506 ATAC 
070785-27274 Me 

Airflow: 758 2 dsct'fmln 

*1 Pe(l!nnlai Combusler Iniel 
Sample 
Run 2 

!J?/ml 

,-
<950 
1082 

531 
1797 
1160 
1684 

56' 
998 

U 
U 
U 

U 
U 
U 

678 U 
1082 U 
969 U 

1124 U 
1221 U 
1340 u 
1264 U 
558 U 

1009 U 
894 U 
805 U 
800 U 

1970 U 
1019 U 
1030 U 
927 U 
90S U 
758 U 

1009 U 
2770 
1256 U 
926 U 

1020 
1030 U 
1403 U 
1330 
1619 U 
1510 
1188 U 
1722 U 
926 U 

1377 U 
'201 U 
3B90 
1146 U 
1053 U 
1146 U 
139B U 
6380 
1053 U 
2190 U 
1945 U 
1745 U 
1183 U 

17500 
15200 
7971 U 
1095 U 
1766 U 
3780 
1264 U 
1370 
3810 
6854 U 
1545 U 
1545 U 
1545 U 
1908 U 
2741 U 

OL 
Run2 

pg/m3 

909 

'" 1082 
531 

1797 
657 

168. 
569 
998 
678 

108' 
969 

1124 

1221 

'''0 
1264 
558 

1009 
894 
80S 
800 

1970 
1019 
1030 
927 
905 
758 

1009 
906 

1256 
926 
758 

1030 
1403 
820 

1619 
885 

11BB 
1722 
926 

1377 
1201 
1053 
1146 
1053 
1146 
139B 
967 

1053 
2190 
~945 

1745 
1183 
1114 
2229 
7971 
1095 
1766 
,',4 
126' 
126' 
1262 
6654 
1545 
1545 
1545 
1908 
2741 



eMISSION CONCENTRATION RESULTS 
TO·14A VOlAT1LE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

Fill Name! 
CUant: 
Locallon! 
Sampla Dates; 
Sample TImu: 

ANALYTE 

ChlorooifJuoromelhane 

Propylene 
Dlchlorod!nUOlOmelhane 

Chloromethane 

8752.QQ1\P~CTl TO·15 
Parametm: @ City of Tacoma landfill 
Tacoma. Washlr'lglon 
7/20107 
1138 • 1338 

1,2·Dichloro-1,1.2,2·Tetrafluoroethane 
Vinyl Chloride 
Methanol 
1.3-Buladiene 

Bromomelhana 
ChlOroethiM'lB 
Dlchloronuoromethane 

Ethanol 
Vinyl Bromide 
Acetone 
Trlchloronuoromelhane 

Isopropyl Alcohol 
Acry}onitrile 

1,1·0ichIoroelhytene 
Methylene Chkxide 

Allyl Chloride (Chloroprene) 
Carbon DIsulfide 
1.1.2· Trichloro-l,2,2· Tnfluoroethane 
!·1.2·Dichloroelhylene 
1. ,-Dichloroelhane 

MTBE 
Vtnyi Acetate 
2·BulanonB (MEK) 

cis·l ,2· Oichklfoetheoe 
Heune 
Chloroform 

Ethyi Acetate 
Telrahydrofuran 
1,2·01chIoroethane 
1.1.1-Trichloroethane 
Benzene 
Carbon Tetrachloride 
Cyclohe;(ane 
l,2·Olchloropropaoe 
Bromodidlloromelhane 
1.4·0IOxane 
Tnchloroelhene 
2.2,4· TrimeLhylpenlane 
Heptane 
cjS.1.J.-Dichloropropene 

4·MeLhy!-2·Pentanone (MiBK) 
t·1.3-0Ichloropropene 
1,1.2-Tnchloroelhane 
Toluene 
2·He;(8none 
Qlbfomoc.hloromelhane 
1.2·Oibromoelhane 
Tetrachloroelhytene 
Chlorobenzene 
Ethylbenzene 
m- 8. p-Xylenes 
Bromoform 
Styrene 
1,I,2,2·Tetrachloroethane 
o-Xylene 
4.Ethyllcluene 
1.3.5-Trimethylbenzene 

1,2 • .4· Trimelhybenzene 
Benzyl Chloride 
!,3-Dichlorobenzene 
1,4·Dlchlorobenzene 

1,2-Dichlorobenzene 
1.2,4 -Trlchlorobenzene 
He;(achlorobutadiene 

u. W'Ck1~C!~d al lpe:,r .. d dlllc~Qn ~ml lOt.: 

lab Number{s): ~509 ATAQ 
7078.4·21275 Me 

Airflow: 7586 dscf/mn 

.1 Perennial CombuSler Inlet 
SamplB 
Run3a 

I:!e'm' 
2070 
4930 

1131 U 
555 U 

1877 U 
1160 
1760 U 
59. U 

10<3 U 
709 U 

1131 U 
1012 U 
1175 U 
1276 U 
1401 U 
1320 U 
583 U 

1055 U 
93<1U . ., U 
83. U 

2058 U 
1065 U 
1077 U ,.. 

U 

". U 
792 U 

1055 U 
2690 

1313 U 
968 U 

1020 
1077 U 
1< .. U 
,,.0 
1692 U 
1510 
12.41 U 

'600 U 
968 U 

1.43g U 
1255 U 
3890 

1197 U 
1100 U 
1197 U 
1.461 U 
6.80 

1100 U 
2288 U 
2032 U 
1623 U 
1236 U 

18200 
15700 
6329 U 
114.01 U 
1845 U 
3870 
1320 U 
1.0180 

"50 
6953 U 
1615 U 
1615 U 
1615 U 
1993 U 
2 .. , U 

Ol 

950 

'.2 
1131 

555 
1877 
sa7 

1760 

594 
10<3 
709 

1131 
1012 
1175 

1276 
1401 
1320 
503 

'055 

'" ... , .,. 
20sa 

'065 
1077 

968 
946 

792 

1055 

9<7 
1313 
968 

792 
1077 
1< .. 

.57 
1692 
.24 

1241 
1000 
968 

1439 
1255 
1101 

"97 
1100 
1197 

1461 
1011 
1100 

"as 
2{)32 

1823 
12,. 
1164 

2329 
8329 
1144 
18.45 

"6< 
1320 

1315 
1318 

6953 
1615 
1615 

1615 
1993 
2 .... 



EMISSION CONCENTRATlON RESULTS 

TO·14A VOLA TllE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY. A DIVISION OF HOEFLER CONSUL TlNG GROUP 

File Nlml: 
Clilml: 
Locillon: 
Sampll 0.115: 
Sample TImn: 

ANALYTE 

Chlorodlfluoromelhane 
Propylene 
DichlorodlfluoromeLhane 
Chloromethane 

8752~I\Pxacn TO·15 
Paramlillix @C!lyol'TacotruI landfdl 
Tacoma, W.utlloQlon 
Tr1.0/07 
1138 - 1338 

1,2·Dlchloro-l,1 ,2,2· Tetrafluoroethane 
Vinyl Chloride 
Methanol 
1,3-Butadiene 
Bromomethane 
Chlofoethane 
Oic.hkltoftloromethane 
Ethanol 
Vinyl Bromide 
Acetone 
Trichloronuoromelhane 
lsopropyt Alcohol 
Acrylonitrile 
1,l-Dlchloroelhylene 
Methylene Chloride 
Allyl ChJorfde (Chloroprene) 
Carbon DisulfIde 
1,1,2· T richloro-1 ,2,2· T rif]uoroethane 
I· t ,2·Dlchloroelhylene 
1,l·0ichloroelhane 
MTBE 
Vinyl Acetate 
2·Butanone (MEK) 
Cls-l,2- OichlOroethene 
Hexane 
Chloroform 
Ethyl Acetate 
Telrahydrol'uran 
1,2-Dlchloroethane 
1,I,I-Trichkltoethane 
Benzene 
Carbon Tetrachloride 
CycJohexane 
1,2·Dmloropropane 
Bromodichloromelhane 
l,4·Dioxane 
Trichloroelhene 
2,2,4-Trimethylpenlane 
Heptane 
cls-l,3-Dichloropropene 
4-Methyl-2-Pentanone (MIBK) 
1- t ,3-Dichloropc'opene 
l,l,2-Trichlof'oethane 
Toluene 
2-Hexanooe 
Dlbromochloromelhane 
l ,2-Dlbromoelhane 
Tetrachloroelhylene 
Chlorobenzene 
Ethylbenzene 
m- & p-Xy)enes 
Bromofonn 
Styrene 
l ,l ,2,2-TelJachloroelhane 
a-Xylene 
4-EthyllokJene 
1,3,5-Trimethylbenzene 
1,2,4-Trimelhylbenzene 
Benzyl Chloride 
t ,3·Dichlorobenzene 
1,4-0lchlorobenzene 
t ,2-Dlchlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobuladlene 

u • ~nde~eled 11 !pK.ihd dele~M lImIi (Dl). 

Lib Numbet1s): 4510 ATAO 
7076oi·27276 Me 

Airflow: 758 G dscf/min 

., Perennial Combuater Inlel 
Sample DL 
Rl.W13b Run 3b 

uglm
3 !Jffml 

1900 898 

"40 <37 
1069 U 1059 
52< U :24 

1775 U 1775 
1070 64' 
1883 U 1663 
562 U .. 2 
,..; U 986 

670 U 670 
1069 U 106. 

957 U 957 

1111 U 1111 
1206 U 12(" 

132' U 1324 
124S U 124S 
551 U 551 

997 U 997 

683 U 883 

795 U 795 
791 U 791 

19<6 U 194. 

1007 U 1007 
lOIS U lOIS 
915 U '" .94 U 894 

749 U 749 

997 U 997 

2500 895 
1241 U '2~1 
915 U 915 

920 749 
1016 U 1016 

1386 U 1368 

1230 810 

1599 U 1599 
1330 ." 
1173 U "73 
1701 U 1701 
915 U 91. 

1360 U 1360 

"86 U "68 
".0 1041 
1132 U 1132 
1040 U 1040 
1132 U 1132 
1381 U 1381 
5740 955 

100\0 U 1040 

2163 U 2163 
1921 U 1921 
1724 U 172~ 

1168 U "68 
15600 1101 

13400 2201 
7873 U 7873 

1081 U 1001 

17<4 U 174~ 

3320 1101 
1246 U 1249 
1246 U 120115 

3370 '2~6 
6572 U 6572 
1529 U 1529 
1529 U 1529 
1529 U ,,,. 
"84 U 1884 

2700 U 2700 



'to 
EMISSION RATE RESULTS 

TO·14A VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

File Name: 
Client: 
L.oc,lIon: 
Sample Diles: 
Sampl. Times: 

ANAlYTE 
ChI:lfOdoftuoromeLhano 

Propylene 
D.chJorodlfluoromet'1ane 

Chlofomel.hane 

87S2 ·Q01\PX(gJCTL '0·t5 
Parametnx 1m Cily ot Tacoma LandM 
Tacoma, Washington 
7J19fU7 
1510 - 1730 

1.2-DltlIIoro-1.1.2 2· T elranuoroelhaoe 

Vinyl Chl00d1l 

Methanol 

1.J·Butadlene 
Bromamethane 
ChJoroel.hane 

DIcI1'oronuoromethano 
EO""'" 
Vinyl Bromide 

Acetone 
TnchlOftlnuorometnane 
lsopfopyl Alcohol 

Aay10111tnla 
1,l·Dtchloroelhylene 

Mell1ylene Chlonde 

Any! Chloride (Chloropntnt) 

Cartlon OIsUlftde 

1, t .2·Tnchloro-l .2.2·Tnl:uoroelhane 

t-1.2-OIGh1oroelhyJene 

l,I-DlchJoroe!hane 

MTSE 

Vinyl Acetalll 

2·BuIanON (MEK) 

Cl5·1,2· DtdtIoroetl1en9 

Hexane 

Chl()fofnrm 

Elhy! A~l.ale 

Tetrahy(Sroturan 

1.2·[)u;.hlOI'OI!IlhiIne 

1.1.1· Tnel\loroelnana 

Benzene 

Carbon Telrachlonde 

Cydohexane 

1 ;Z·DlChloropropar.a 

BromodlctllorDmalhane 

1.4·Dloxane 

Tnchloroetherle 

2.2, .. • Tnmelhylpenlane 

Heptane 

CIS,' .3·OICh10r0propene 
... MlIlhyl.2.Penl9.none (MIBK) 

1·1.3-DIC-nloropropene 

1,1 .2·Tnch!oroelhane 

Toluono 

2-Hsll.ul'\OfI8 

OIbromocNornmelhane 

1.2·0IbromoethallII 

T elrachlorOlllh~lene 

Chlor:lbenzene 

Elhylbenzene 

m· & p.XylantS 

Bromo!onn 

Styrene 

1.1.22·Teltachloroe\hano 

D-Xylene 

4·Ethylloluena 

135-Tnmethy!benz_ 

1.2,4·Tnmelhylbenzene 

Bllnzy! Chlcnde 

1.3·Oichlol'llbar.zene 

1."·OIehlorobenzene 
, 2·DicJ'I)Orobanzena 

1 2.-4·Tnc:hlorobenzllntl 

Hexachl010buiadiene 

u. ~~ .. Spe:t.ied 6et,dJDn'nIt (OLJ 

Lab Nl.lmber(s): 

Airflow: 

., Perennial Combull tr Inlet 
Samp~ Ol 
Run 1 Run 1 

'''''' """ 
554E-03 293E'{)3 

135E·02 , 43E-03 

3 49E-03 U 349E-03 

1.71E-03 U 1 71E-03 

5 8OE-OJ U 580E-OO 

294E-03 212E.ro 

5 44E-03 U 544E-03 

1 83E-03 U 1.B3E'()3 

3.22E-03 U 322E-03 

2 19E-03 U 219E-03 
3.49E.oo U :I 49E.()J 

J 13E-03 U 313E'{)3 

3 63E-03 U :3 63E-03 

471E-03 :I 94E-03 

4 33E-03 U .4 33E-03 

4 08E-03 U " 06E-03 
1.80E-03 U 18OE·03 

3 26E-03 U 326E-03 

2 88E-03 U 288E-03 

26OE-03 U 2 SOE..Q3 

2 5IIE-03 U 25eE-03 

6 36E-03 U 636E-OJ 

3 29E-03 U 329E-03 

3 33E-03 U 333E-03 

299E-03 U 299E-03 

2 92E-03 U 2.92E-03 

2 45E-03 U 24!iE-OJ 

3.26E-03 U 326E-03 

g 19E-OJ 293E-03 

4.05E-03 U .. 05E-03 

2 99E·03 U 299E-03 

299E.oJ 2.o15E-03 

J 33E-03 U 3 J3E.QJ 

-4 53E-03 U -453E.Q3 

.01 09E-03 265E-03 

5.23E-03 U 523E-03 

5.16E-03 285E-03 

3 B4E.QJ U 38.o1E.(J3 

5 56E-03 U 556E..Q3 

2 99E·03 U 299E-03 

.. -45E-03 U 4 -45E-03 

3 88E-03 U 388E-03 

1.29E-02 3.010:-03 

3 7OE-03 U 37OE-03 

J -4OE-03 U 340E-03 

3 70E-03 U 370E-03 

.. 51E-03 U -451E-03 

189E-02 J 12E-OJ 

3 .40E-03 U 3.o10E·03 

7.07E-03 U 707E-03 

6 28E-OJ U 628E.Q3 

5 63E-03 U 563E·03 

3 B2E..Q3 U 382E-OJ 

501E-02 360E.OJ 

-4 J6E-02 719E-03 

2 57E-02 U 257E·02 

3 53E·03 U 353E·03 

5 70E·03 U 570E-03 

l11E·02 36DE·OJ 

4 oef·D3 U 408E-OJ 

-421E·03 407E-03 

119E-02 .. 07E-03 

2.15E·02 U 215E-C2 

.01 99E-03 U -499E-03 

-4 99'!:..Q3 U -499E.OJ 

4 99E..Q3 U 499E-03 

15 16E-C3 U 6161:-03 

e 85E·03 U B B5E-03 

791 2 

ATAO 
Me 



'ii I 
EMISSION RATE RESULTS 

TO·14A VOLA TILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A OMStON OF HOEFLER COHSULTlNG GROUP 

File Name; 
Client: 
lac::.Uon: 
Simple Oltel: 
Simple Tlmes: 

ANAlYTE 

ChIorocl.nuoromelhane 
Propylene 

DIchIocodlftl.JOromelhaNl 
ChlofomttNfMI 

8752-OO1\PXCCTL TO·15 
Paramalr'.x G C,ly of Tacoma LBmlHlI 
Tlilll:oma, Washington 
1a0l07 
0831 - 1031 

1.2-DK:hIoro·I,I.2.2-T etranuoroelhane 
Vinyl Chlonde 
M.1I1aMI 
1.3·ButadJene 
Bromomell'l8ne 
Chloroethane 

OId1loronuoromelhane 
E,",""" 

Vlfly! Bromide 
Acalone 

Tnchlofonuoromalhana 
Isopropyl Aleohol 

AaytonIlnla 

1.1.DJd'lIoroelhylena 

Melhylane Chlonde 

Allyl ChIonde (Chloroprene) 

Cerbon Dt!Ulf,~ 

1.1 .2·Tl'lChloro· 1 .2.2·TnftlJOl'tMllhane 

I·' ,2.Dlchloroelhylene 

1,1·OtchIornelhane 

MTSE 
VIO)'I Aeetalt 

2·Butanont (MEK) 

as·1.2· Dld'll0r0ethenfl 

I~-

Chlorofotm 

Ethyl Acetate 

Tellahydrofuran 

1.2-Didioroethlloo 

1,I,l·TllCtWor'oethane 

Se""'" 
Carbon Tetrachlonde 

CydoheKIMt 

l .2·O!ct'IIotopropane 

Bromodl~lhane 

1,4·Dlo)(8ne 

Tnchloroetnane 

2,2.o4·Trrnlllhylpenlloo 

Heptane 

Cls·I,3·iJlch/oropropenl 

4·Methy'·2.Pentanooe (MIBK) 

1_1.3 .. [)u:hlo('opropene 

1.1,2·Tnchltltnelhana 

Toluene 

2·Hexanone 

Dibromochloromelhane 

1.2·Oibromoelhall8 

T el'ach\o(oelhylene 

ChlOfooonzel1lll 

Ethylben.Zll"8 

m· & p-Xyllnes 

"""""'~ 
Sl)'rene 

1,1.2.2-Telr8chlorolihane 

o·XylarMI 

of·ethyl!Oluene 

1.3.5-Trimfllhylbenzeoe 

1.2.4-Tnmelhylbenze:la 

Benzyt Chlond8 

1.3-OIch1OlobeoZens 

l.of·[)rchlorobenZene 

1.2·[)rchloro!)enzene 

1 ,2.-4-T ne.'l\ornben2:enl 

Hexad1\oroOulildlflna 

oJ. undeleclld II Jpel:lfild d,IKIIco ~mlt tOl: 

LIb Nurnber(I): 

Airflow: 

It Perennial Combuater Inlet 
Simple OL 
Run 2 Run2 

IbIIY '''''', 
5.85E-OJ 251!E·03 
141E-02 126E-03 
307E.ro u 307E-03 
1.51E.oJ U 151E.oo 
5,1QE.Q3 U S.IOE·OJ 
335E'()3 1 B7E-Cl3 
478E-03 U ./I 7BE-OJ 
'62E-03 U 162E.03 
2.6:lE-03 U 263E.(I3 
1 SiJE-OJ U 1 93E-OJ 

307E-03 U 3 07E.oJ 
2 75E.()3 U 2 75E.(I3 
3 19E.()3 U 3 19E.()3 

3.47E-03 U 347E.(I3 

3 81E-03 U 381E-OJ 

3S9E-03 U 359E"()3 

1 56E.o3 U 158E-03 

287E.o3 U 267E..Q3 

2 S4E-03 U 2 s.4E..Q3 

2251E-03 U 229E·03 

227E-03 U 2.27E.03 

5 6OE-03 U 560E-03 

289E-03 U 289E·03 

293E-03 U 293E-03 

26JC"()3 U 263E'{')3 

257E.Q3 U 257E"()3 

2 15E-03 U 215£-03 

287E-03 U 2 B7E-03 

787E..Q3 257E'{)3 

3.57E-03 U 3 57E-03 

253E-03 U 2 63E-03 

2.90E'{')3 2 15E'{')3 

29JE-03 U 293E-03 

J .98E-OO U 398E-03 

3 18f'{')3 23JE-03 

"60E.{.)3 U " 6OE-03 
o4 .2i1E..Q3 251E-03 

3 37E-03 U 337E-03 

o489E.03 U o489E-03 

263E-03 U 263E.(I3 

391E.(I3 U 391f'{')3 

341E"()3 U 3041E-03 

1.1OE-02 2 99£:-03 

325E·03 U 3 25E.(I3 

299E-03 U 2 99E·03 

3 25E-03 U 325E'{')3 

3 9TE-Ol U 3 97E-03 

181E-02 2 75E·03 

299E"()3 U 2 GGE-03 

B 22E-03 U S 22E.(I3 

552E-OO U 552E'{)3 

o496E-03 U 496E-(l3 

3 ltiE-03 U 336E-03 

4 97E·02 31SE'()3 

o432E-02 633E-03 

2 26E-C2 U 226E~ 

311E-03 U 311E"()3 

:I 02E'()3 U 502E-03 

107E-02 3.16E-03 

359E-03 U 359E'{')3 

3~E-03 358E-03 

1.09E-02 358E·03 

1,89E-02 U 1.69E·02 

4 39E.cJ U o4 .39E-C3 

<439£-03 U d 39E-03 

-439E-03 U " 39E"()3 

S 412E-03 U 5042E.(I3 

7.78E"()3 U 778E-03 

<so. 
0785·27274 

75B 2 dsdlmm 



EMISSION RA TE RESULTS 
TO·14A VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Nilme: B752-OO1\PXrmCTL TO-15 lab Number(s): '509 ATAQ 
Client: Paramelrix tm City of Tacoma landflJ[ 0764·27275 Me 
lociltlon: Tacoma. Washmgton 
Sample Diles: m007 
Sample TImu: 11,. • 1338 AirfloW: 7586 dsctfmm 

1li1 Perennial Combuliter Inlet 
Sample Dl 
Run 3a Run 3a 

Ibll1r ''''' ANAlYTE 

Chlorodlnuoromethane 5 BSE-03 270E-03 
PropylerKI l40E-02 l31E-03 
DlcnlorndlnlJOromethane 321E·03 U 321E-03 
Chloromethane 1 5BE-03 U 158E-03 
1.2-0iehlo:-c-l.1.2.2-Tetra~uoroelhana 5 33E.o3 U 533E·03 
Vinyl Chlonda 330E·03 1 95E-03 
Methanol 500E-03 U 500E-03 
1.3-Butadlene 1 S9E-03 U lS9E-03 
BromomethBne 296E·03 U 296E-03 
ChloroeLhaJl8 2 OtE·03 U 2.01E·03 
Olchloronuoromelhane 3 21E·03 U 321E·03 
Ethanol 2 BBE-03 U 2 BBE·03 
Vinyl Bromide 334E-03 U 334E-03 
Acelooe 363E-03 U 363E-03 
Tnchloronuoromelhane 39SE-03 U 39BE-03 
Isopropyl Alcohol 375E.o3 U 375E-03 
Acrylonllnle 1 SSE-03 U l66E-03 

1,1·Dlchloroelhylene 3 DOE-03 U 300E-03 
Methylena Chlonde 265E-03 U 265E-03 
Allyl Chlonde (Chloroprene) 2.39E.o3 U 23!iE.lJ3 
Carbon Disulfide 238E-03 U 23BE.Q3 
1,1.2·Tnchloro·l.2.2·Tnfluoroelhane 5 B5E.lJ3 U 565E-03 

t·12·0IchloroelhyteJl8 303E·03 U 303E-03 
1, '·[)ichloroethane 306E-03 U 3 06E-03 
MTBE 2.75E-03 U 275E.lJJ 
Vinyl Acetala 269E.lJ3 U 2 69E..Q3 
2·Butanone (MEK) 225E-03 U 225E-03 
Cls-l,2- DlchloroeLhene 300E-03 U 3 DOE·OJ 
Hexane 764E-03 269E-03 
Chloroform 3.73E-03 U 373E-03 

Elhy! Acetate 2.75E-03 U 275E-03 
Te\nl.hydrofuran 290E-03 225E-03 
, .2-DlchIOfoolhane 306E-03 U 306E'()3 

1,1,I·Tnchloroelhane 04 17E-03 U 4 17E-03 

Benzene 366E..o3 244E·03 
Carbon Tetrachlonde 4 B1E-03 U 4 B1E-03 

Cyclohexane 429E-03 263E-03 

1,2·Dlchloropropane 3.53E.o3 U 353E-03 
Bromodlchioromelhana 5 12E-03 U 512E-03 

lA-Dioxane 2.75E-03 U 275E-03 
Tnchtoroethar\6 4 09E-03 U 409E-03 

2.2.4-Tnmethylpentane 357E·03 U 357E-03 

Heptane 1 l1E-02 313E·03 
CiS-I ,3·0Icnloropmpena 340E-03 U 340E-03 

4.Methyl,2·Penlanona (MIBK) 313E-03 U 313E-OJ 

!.1.3·OIchloropropene 3 40E...o3 U J 4DE-OJ 
,. I .2-Trichioroethane 4 15E-03 U 415E-03 

Toluene , B4E-02 2 a7E-03 

2·HeJI:anone 31JE-03 U 313E-03 

Dtbromoc.hloromethane 650E.o3 U S 50E-OJ 

1,2-D1btomoetharoe 577E-03 U 577E-03 

Telract'Joroelhylene 51BE·03 U 5l6E-03 

Chlorobenzene 351E-03 U J 51E·03 

Elhyibenzene 517E-02 331E-03 

m· & p·Xylenes 446E-02 562E-03 

Bromolonn 237E·02 U 237E-02 

Styrene 325E-OJ U J 25E-OJ 

1.1.2.2-Telrach!oroothanl 524E-03 U 524E·03 
o.Xylene 110E-02 33tE·OJ 

4-Elhylloluene J {SE-OJ U J 75E-OJ 

1.J.5·Tnmethytbenzena 4.21E·03 375E-OJ 

1,2,4·Tnmethylbanzene I l6E-02 375E-03 

Benzyl Chlon:::le I 96E-02 U 198E·02 

1.3·OIchlorobanzana 459E..o3 U 459E-03 

1.4·()chlombanzene 4 59E-OJ U 459E-03 

1.2·()chlorobenzene 4 59E-OJ U 04 59E-03 

1.2,4 -Tnchlorobenzene 566E-OJ U 5 SSE·03 

Hexechlorobuladlene B 14E·03 U a 14E-OJ 

u "' und~le~l~d aL speclrllld detectIOn IIml (Ol) 



EMISSION RATE RESULTS 

TO.14A VOLATILE ORGANIC COMPOUNDS 


AMTEST AIR QUAUTY, A DMSION OF HOEFLER CONSULTING GROUP 


File Name: 8752-(lOl\PX~TL TO·tS Lib Number{s): 4510 -'TAQ 
Client: Paramelrtx@CllyofTacoma Landfill 0784·27276 Me 

LocaUon: Tac:oma, Washington 
Sample Dltes: 7120107 
Sample TImea: 113. • lJ18 Airflow: 7586 dsdfrrun 

., PerennIal Combusler Inlet 
Sample DL 
Run Jb Run Jb 

Iblhr Iblt" 

ANALYTE 

ChlorodlnuOIomelhane 504CE.oJ 255E-03 

Propylene 129E-02 1 204E-OJ 

Otct\lomdlnuornmelhane 304E-03 U 304E-03 

ChlO«lmelhane 1 49E-03 U 1 49E-03 

1 ,2·Dlchlortl-l , 1.2 ,2· T elralluoroelhane 5.04E-03 U 504E-03 

Vinyl Chlonde 304E-03 184E-03 

Methanol 4.73E-03 U 473E-03 

1,3_Butadiene 1 6OE-03 U 160E-03 

Bromomethane 260E-03 U 2 aOE-03 

Chloroelhane 1 9OE-03 U 190E-03 

Dich/oronuoromethane 3 04E-03 U 304E-03 

Ethanol 2 72E-03 U 272E-03 

Vinyl Bromide 3 16E-03 U 316E-OJ 

Acetone 3 043E-03 U 34JE-OJ 

Tnchlornnuoromelhene J.76E-03 U J 76E-03 

Isopropyl Alcohol 3.55E-03 U 355E-03 

Acrylonitnle 1 57E-03 U 1 57E-03 

1.I-Didlloroelhylene 283E-OJ U 2 BJE-03 

Methylene Chloride 2 51E-OJ U 251E-OJ 

Allyl Chlonde (Chlortlprene) 226E-03 U 226E-03 

Carbon Dlsu!fll:la 225E-03 U 225E-03 

1.1 ,2-Tridllorc-l ,2,2-Tnnuoroathane 553E-03 U S 53E-03 

t·l.2-Dlchloroelhylane 266E-03 U 2 B6E-03 

1,I-OIchlO«Ielhane 2 B9E-03 U 2 B9E-03 

MTBE 2.60E-OJ U 260E-03 

Vinyl Acetate 2 54E-03 U 254E-03 

2_Butanone (MEK) 2 13E-03 U 213E-03 

I:Is·l,2· Dichtornathene 2 B3E-03 U 2 B3E-03 

Hexane 7.10E-OJ 254E-03 

Ch!orofonn 3.53E-03 U 353E-03 

Ethyl AcelBte 2.60E-03 U 260E-03 

T e\nlhydrofuran 261E-03 21JE-03 

1,2·DlchlOIoethane 2 B9E-03 U 2 B9E-03 

1,1,I-TndlloroelhanlJ J 94E-OJ U J 94E-03 

Benzene J SOE-03 230E-03 

Carbon Telrachlonda 4 54E-03 U 454E..Q3 

Cydohaxane 3.7BE-03 24BE..Q3 

1.2-Dichloropropane 33JE-03 U 333E_03 

Bromod'ichtoromelhanll -4 BJE.Q3 U 483E-03 

1.4_Dioxane 260E-03 U 260E-OJ 

Tnchloroathene 3.86E-03 U J 86E-03 

2.2,4-T nmethy1penlene 3.37E-03 U 337E-OJ 

Heptane 9.7BE-OJ 296E-03 

ds·l.3-Dlchlotopfopene J 22E-03 U 322E-03 

4_Melhyl_2_Pentanone (MIBK) 296E-03 U 296E-03 

1-1 ,3_Dld-iloropropene 322E-03 U 322E-03 

1,1.2·Trl::hloroethana 392E-OJ U 392E-03 

To!ullne 163E-02 271E-OJ 

2_Hexanone 2 96E-03 U 296E-03 

OIbmmodllorometllane 6 15E-03 U 615E-03 

1,2-OIbromoelhane 5 -46E-03 U 546E-03 

Tetrachloroethylene 4 9OE-03 U -490E·03 

Chlorobenzena 3 32E-03 U 332E-03 

Elhylbenzene 04 43E-02 313E-03 

m- & p·Xy!enes 361E-02 626E-C3 

Bromolonn 2 24E-02 U 224E-02 

Styrene 3 07E-03 U 307E-OJ 

1,1,2,2-T etrachloroelhane 04 96E-03 U 496E-03 

o_Xylllne 944E-03 313E-OJ 

04-Elhyltoluene 3 55E-03 U 355E-03 

1,3,5-Tnmelhylbenzene 3 54E-03 U 354E-03 

1 2,4-Tnmelhylbenzene 9 seE-03 354E-03 

Bllnzyl Chlonae 1 B7E-02 U 187E-02 

1,3·Dlchlorobenzene 04 34E-03 U 434E-03 

lA-DIchlorobenzene 04 34E-03 U 434E-OJ 

1,2-OIchIOlob8nzene 04 34E-03 U 434E-03 

1,2,4_Tnchlorobenzene 535E-03 U 535E-03 

Hexac:hlorobutadlana 770E-03 U 770E-03 

u. und"lee1e~ .t'pIIClfilld detl!c~on hml (Ot.) 



SUMMARY OF SW-B46 METHOD 0031 SAMPLE VOLUMES 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: B752-001\PX @ CTL M0031 
Client: Paramelrix @ Cily of Tacoma Landfill 
Location: Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Outlet 

Run lA Run lB Run 1C Average 

Lab#: 

Date: 

Start Time: 

Stop Time: 

Sample Length (minutes): 

4511 

7/19/07 

1510 

1610 

40 

4512 

7/19/07 

1620 

1700 
40 

4513 
7/19/07 

1719 

1759 
40 

Volume Sampled (dscm): 

Stack Gas Moisture (%): 

Barometric Pressure ("Hg): 

0.0193 

B.17 

29.70 

0.0191 

B.17 

29.70 

0.0191 

B.17 
29.70 

0.0192 

B.17 

29.70 

Stack Gas Airilow (dscf/min): 9792.7 9792.7 9792.7 9792.7 



File Name: 
Client: 
Location: 

SUMMARY OF SW-846 METHOD 0031 SAMPLE VOLUMES 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-0011PX @ CTl M0031 
Parametrix @ City of Tacoma landfill 
Tacoma, Washington 

Perennial #1 Landfill Gas Com buster Outlet 

Run 2A 

lab#: 4514 
Date: 7120107 
Start Time: 0831 
Stop Time: 0911 
Sample length (minutes): 40 

Volume Sampled (dscm): 0.0195 
Stack Gas Moisture (%): 7.58 
Barometric Pressure ("Hg): 29.65 

Slack Gas Airfiow (dscf/min): 10933 

Run 2B 

4515 
7120/07 

0926 

1006 
40 

0.0193 

7.58 

29.65 

10933 

Run 2C 

4516 
7/20107 

1028 

1108 
40 

0.0197 

7.58 

29.65 

10933 

Average 

0.0195 
7.58 

29.65 

10933 



File Name: 
Client: 
Location: 

SUMMARY OF SW-B46 METHOD 0031 SAMPLE VOLUMES 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-001 \PX @ CTl M0031 
Parametr;x @ City of Tacoma Landfill 
Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Outlet 

Run 3A 

Lab#: 4517 
Dale: 7/20107 

Slart Time: 1138 
Stop Time: 1218 
Sample Length (minules): 40 

Volume Sampled (dscm): 0.0199 
Slack Gas Moisture (%): 8.67 
Barometric Pressure ("Hg): 29.65 

Slack Gas Airflow (dscf/min): 10551 

Run 3B 

4518 
7/20107 

1232 
1312 

40 

0.0191 
8.67 

29.65 

10551 

Run 3C 

4519 
7/20107 

1325 
1405 

40 

0.0194 
8.67 

29.65 

10551 

Average 

0.0195 
8.67 

29.65 

10551 



SW-846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001IPX @ CTL M0031 Lab#: 4511 
Client: ParameLrix @ City ofTacoma Landfill Start Time: 1510 hours 

Location: Tacoma, Washinglon Stop Time: 1610 hours 
Sample Site: Perennial #1 Landfill Gas Combusler Oullet Sample Length: 40 minutes 

Sam pie Date: 7/19/07 

Run #: 1A 

Operators: RDR/KJR 

Airflow: 9792.7 dscflmin Vapor Pressure: 0.6675 inches Hg 

Moisture (%): 8.17 percent Volume Sampled: 19.8 Liters 

Barometric Pressure: 29.70 inches Hg Volume Sampled : 0.0198 
, 

m 

Ambient Temperature: 67.0 OF Std. Volume Sampled: 0.0193 dscm 

Average Flow Rale: 495.1 ccJmin Bws: 0.0817 



SW-846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752-0011PX @ CTl M0031 lab#: 4512 

Client: Parametrix @ City of Tacoma landfill Start Time: 1620 hours 

location: Tacoma, Washinglon Stop Time: 1700 hours 
Sample Site: Perennial #1 landfill Gas Combuster Outlet Sample length: 40 minutes 
Sample Date: 7/19/07 

Run #: 1B 
Operators: ROR/KJR 

Airflow: 9792.7 dscf/min Vapor Pressure: 0.6909 inches Hg 

Moisture (%): 8.17 percent Volume Sampled: 19.7 Liters 

Barometric Pressure: 29.70 inches Hg Volume Sampled: 0.0197 
3 m 

Ambient Temperature: 68.0 of Std. Volume Sampled: 0.0191 dscm 

Average Flow Rate: 491.9 cclmin Bws: 0.0817 



1/1 

SW·846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752·0011PX @ CTl MOO31 lab#: 4513 

Client: Parametrix @ City of Tacoma landfill Start Time: 1719 hours 

Location: Tacoma, Washington Stop Time: 1759 hours 
Sample Site: Perennial #1 Landfill Gas Combuster Outlet Sample Length: 40 minutes 
Sam pie Date: 7/19/07 

Run #: 1C 

Operators: RDR/KJR 

Airilow: 9792.7 dscf/min Vapor Pressure: 0.7150 

Moisture (%): 8.17 percent Volume Sampled: 19.8 Liters 

Barometric Pressure: 29.70 inches Hg Volume Sampled: 0.0198 m
3 

Ambient Temperature: 69.0 of Std . Volume Sampled: 0.0191 dscm 

Average Flow Rate: 495.1 cclmin Bws: 0.0817 



SW-S46 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-0011PX @ CTl MOO31 Lab#: 4514 
Client: Parametrix @ City ofTacoma landfill Start Time: 0831 hours 
Location: Tacoma, Washington Stop Time: 0911 hours 
Sample Site: Perennial #1 landfill Gas Combuster Outlet Sample Length: 40 minutes 

Sample Date: 7/20107 
Run#: 2A 
Operators: RDR/KJR 

Airflow: 10933 dscf/min Vapor Pressure: 0.4688 inches Hg 

Moisture (%): 7.58 percent Volume Sampled: 19.6 Liters 

Barometric Pressure: 29.65 inches Hg Volume Sampled: 0.0196 m3 

Ambient Temperature: 57.0 OF Std. Volume Sampled: 0.0195 dscm 

Average Flow Rate: 489.8 cr1min Bws: 0.0758 



tll 

SW-846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-0011PX @ eTl M0031 lab #: 4515 

Client: Paramelrix @ City of Tacoma landfill Start Time: 0926 hours 
Location: Tacoma, Washington Stop Time: 1006 hours 
Sample Site: Perennial #1 Landfill Gas Combusler Oullet Sample length: 40 minutes 
Sample Date: 7/20/07 

Run#: 26 

Operators: RDR/KJR 

Airflow: 10933 dscf/min Vapor Pressure: 0.5222 inches Hg 

Moisture (%): 7.58 percent Volume Sampled: 19.5 Lilers 

BaromeLric Pressure: 29.65 inches Hg Volume Sampled: 0.0195 m' 

Ambient Temperature: 60.0 of Std. Volume Sampled: 0.0193 dscm 

Average Flow Rate: 487.0 crimin 6ws: 0.0758 



SW-846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001lPX @ CTL M0031 Lab #: 4516 
Client: Parametrix @ City of Tacoma Landfill Start Time: 1028 hours 

Location: Tacoma, Washington Stop Time: 1108 hours 

Sample Site: Perennial #1 Landfill Gas Combuster OuUet Sample Length: 40 minutes 
Sample Date: 7/20/07 

Run #: 2C 

Operators: RDR/KJR 

Airflow: 10933 dscflmin Vapor Pressure: 0.5411 

Moisture (%): 7.58 percent Volume Sampled: 19.9 Uters 

Barometric Pressure: 29.65 inches Hg Volume Sampled: 0.0199 m' 

Ambient Temperature: 61 .0 'F Std. Volume Sampled : 0.0197 dscm 

Average Flow Rate: 498.4 ccJmin Bws: 0.0758 

I 



SW-846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-0011PX @ CTL M0031 Lab#: 4517 
Client: Parametrix @ City of Tacoma Landfill Start Time: 1138 hours 
Location: Tacoma, Washing Ion Stop Time: 1218 hours 

Sample Site: Perennial #1 Landfill Gas Combuster Outlet Sample Length: 40 minutes 
Sample Date : 7/20/07 

Run#: 3A 
Operators: RDR/KJR 

Airflow: 10551 dscf/min Vapor Pressure: 0.5411 inches Hg 

Moisture (%): B.67 percent Volume Sampled: 20.2 Liters 

Barometric Pressure: 29.65 inches Hg Volume Sampled: 0.0202 m
3 

Ambient Temperature: 61 .0 'F Std. Volume Sampled: 0.0199 dscm 

Average Flow Rate: 505.5 cclmin Bws: 0.0867 



SW-846 METHOD 0031 SAMPLE VOLUMES 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752-0011PX @ CTL M0031 Lab#: 4518 
Client: Parametrix @ Cily of Tacoma Landfill Start Time: 1232 hours 
Location: Tacoma, Washington Stop Time: 1312 hours 
Sample Site: Perennial #1 Landfill Gas Combuster Outlet Sample Length: 40 minutes 
Sample Date: 7/20/07 

Run #: 38 

Operators: RDR/KJR 

Airflow: 10551 dscf/min Vapor Pressure: 0.5411 inches Hg 
Moisture (%): 8.67 percent Volume Sampled: 19.3 Liters 

Barometric Pressure: 29.65 inches Hg Volume Sampled: 0.0193 m' 

Ambient Temperature: 61.0 OF Std. Volume Sampled: 0.0191 dscm 

Average Flow Rate: 483.4 cclmin Bws: 0.0867 



SW-846 METHOD 0031 SAMPLE VOLUMES 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-0011PX @ CTL M0031 Lab#: 4519 
Client: Parametrix @ City ofTacoma Landfill Start Time: 1325 hours 
Location: Tacoma, Washington Stop Time: 1405 hours 
Sample Site: Perennial #1 Landfill Gas Combuster Outlet Sample Length: 40 minutes 
Sample Date: 7/20107 
Run #: 3C 

Operators : RDR/KJR 

Airflow: 10551 dsd/min Vapor Pressure: 0.5411 
Moisture (%): 8.67 percent Volume Sampled: 19.7 Liters 

Barometric Pressure: 29.65 inches Hg Volume Sampled : 0.0197 m
J 

Ambient Temperature: 61.0 OF Sid. Volume Sampled: 0.0194 dscm 

Average Flow Rale: 491.4 cclmin Bws: 0.0867 



II C, 


EMISSIONS RESULTS 
VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 5752-001\PX @CTLMOO31 Sample Dale: 
Chent: ParameLrix@CityofTacomaLandfill 
Localion" Tacoma, Washington 
RUn Number: ,FB Volume Sampled 
Sample location: Perennial #1 Landfill Gas Combuster Outlet 

7/19/07 

00192 dscm 

Reponing 

Limit 


TOTAL 

FB 


I:!gfdscm 


IDA 
1.04 
'0< 
2.61 
, 0' 
26' 
5.22 

'0' 
'.0< 
'.04 

, 
1.04 .., 04 

1.04 
26' 
522 
1.04 
5.22 
1.04 
'04 
5.22 
26' 
2.61 
'.0< 
, 04 

'.0< 
2.61 

'04 
1.04 
'04 
1.04 

'0' 
'0< 
, 0' 
'.04 
'0' 
1.04 
1.04 
'04 
26' 
'0 , 
'0' 
'04 
26' 
'0 , 
26' 
'0' 
'0' 
'0' 
26' 
'0' 
'09 
26' 
26' 
2.61 
26' 
'0' 
522 
26' 
'0' 
'0' 
'0' 
209 
10' 

Anal;r:te 

Acelone 
Benzene 
Brnmoben2;Bne 
Bromochloromelhane 
Bromodli:hloromelhane 
Bromororm 
Bromomelhanll 
2·Bulanone (MEK) 
n·Butylbenzene 
!!ec-Butylbenzene 
tert·8utylbenzene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chlorodibromomelhane 
Chloroelhane 
Chloroform 
Chloromethene 
2·Chlorololuene 
4·Chlorotoluene 
1.2 DlbrofllO.3.chloropropane 
1.2-Dibromoelhane 
Dlbromomelhane 
1.2-Dichlorobenzene 
1,3·Dichlorobenzene 
l.4-Dichlorobenzene 
Dldtloroditluoromelhane 
1,1·Dichloroelhane 
1,2·Dichloroelhane 
cis-I ,3-Dlchloroelhene 
tran!!-' ,3-Dichloroelhene 
1.1-Dichloroelhene 
l,2-Dichloropropane 
1.3·Dichloropropane 
2.2·Dichloropropane 
cls-l,3-Dichloropropene 
trans-l.3-Dichloropropene 
1.1-Dichloropropene 
Ethylbenzene 
Hexachlorobutadiene 
2·Hexanone 
Isopropyl benzene 
p-Isopropyltoluene 
Methylene Chloride 
4-Melhyl-2-Pentanone (MIBK) 
Naphalen!! 
n·Propylbenzene 
Styrene 
l.1,1.2-Tetrachloroethane 
1,1.2.2-Tetrachloro!!lhane 
1 etrachloroelhene 
Toluene 
1.2,3-Trichlorobenzene 
1.2,4-Trichlorobenzen!! 
1,1,1-Trichloroethane 
1,1.2-Trichloroelhan!! 
Trichloroethene 
Trlchloronuoromethane 
1.2,3· TrichlornpropBn!! 
1,2,4·Trimethylbenzen!! 
1.3.5-Trimelhyibenzene 
Vinyl Chloride 
m- & p.Xylenes 
o-Xylene 

U '" Not delected al speClned reporting bmlt~; Jr the result IS reportld by the leboratory II J (ISllmeted res~t leu than tt1e IlIporting kmltlltll p-esent!ld n U 
E'" ESllmetld result, concentrltlon Blteaedl th!l cahm\lon rIng_ 

Run 1 • FllIJd Blank 
Tenax Tube Anasorb Tubll TOTAL 

FB FB FB 
l!9/dscm I:!s'dscm 1:!9/dscm 

5.22 U 522 U lOA U 
0522 U 0.522 U 1.04 U 
0.522 U 0522 U 1.Q.4 U 

1.30 U 1.30 U 261 U 
0522 U 0522 U , 0< U 

1.30 U 1.30 U 261 U 
2.61 U 2.61 U 522 U 
5.22 U 5.22 U 10.4 U 

0.522 U 0.522 U , 0< U 
0.522 U 0.522 U 1.04 U 
0522 U 0.522 U , 0< U 
0.522 U 0.522 U , 0< U 
0.522 U 0522 U , 0< U 
0.522 U 0.522 U , 0< U 

1.30 U 1.30 U 2.61 U 
2.61 U 2.61 U 5.22 U 

0.522 U 0522 U 1.04 U 
2.61 U 261 U 5.22 U 

0.522 U 0.522 U 1.04 U 
0.522 U 	 0.522 U , 0< U 

261 U 2.61 U 5.22 U 
1.30 U 1.30 U 261 U 
1.30 U 1.30 U 261 U 

0.522 U 0.522 U 1.04 U 
0.522 U 0.522 U 104 U 
0.522 U 	 0.522 U '04 U 
'30 U '30 U 261 U 

0.522 U 0.522 U , 0< U 
0.522 U 0522 U , 0< U 

, 0< U0.522 U 0.522 U 
0.522 U 0.522 U 104 U 
0.522 U 0.522 U 104 U 
0.522 U 0522 U 1.04 U 
0.522 U 0.522 U 104 U 
0.522 U 0.522 U 104 U 
0.522 U 0.522 U , 0< U 
0.522 U 0.522 U '04 U 

, 0< U0.522 U 0.522 U 
0.522 U 0522 U 1.04 U 
'30 U '30 U 261 U 
522 U 5.22 U 104 U 

0.522 U 0.522 U 104 U 
0.522 U 	 0.522 U 104 U 
130 U 1.30 U 261 U 
5.22 U 5.22 U 104 U 
1.30 U 1.30 U 2.61 U 

0522 U 0.522 U 104 U 
0.522 U 0.522 U 104 U 
0.522 U 0.522 U 104 U 
130 U '30 U 2.61 U 

0522 U 0.522 U '04 U 
0543 U 0.543 U '09 U 

1.30 U 1.30 U 2.61 U 
130 U 130 U 261 U 

'30 U 1.30 U 261 U 
130 U 130 U 261 U 

0522 U 0.522 U 104 U 
2.61 U 2.61 U 5.22 U 
1.30 U 1.30 U 2.61 U 

0.522 U 0.522 U 104 U 
0522 U 0.522 U 104 U 
0.522 U 0522 U 104 U 

1.04 U 1.04 U 209 U 
0522 U 0522 U 104 U 

MOL 
TOTAL 

FB 
IJg/dscm 

10.4 
1.04 

'0' 
26' 
, .0< 
2.61 
5.22 
10.'1 

'.0<, 
,0< .. 
1.04 
'04 
'0' 
2.61 
522 
'04 
522 
, 0' 
'.04 
522 
26' 
2.61 

'0' 
'04 
,0< 

26' 
'04 
'0' 
'04 
'0' 
,0< 
1.04 
'04 
1.04 
'04 
,0< 
1.04 
1.04 
2.61 
'0 , 
1.04 

'0' 
26' 
10.'1 
2.61 

, 
'.0< ..'0' 

, 6' 
1.04 
'09 
26' 
2.61 
26' 
26' 
'0' 
522 
26' 
, 0' 
'0' 
'0' 
209 
1.04 



EMISSION RESULTS 
VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY. A DIVISION OF HOEFLER CONSULTING GROUP 

File Namp' 6752-OO~\PX g CTL M0031 Sample DBle 7/19107 
Chent Parametru(@2 City of Tacoma landfill 
locahor,. Tacoma, Washington lab Numbers. 4511-4513 
Run NLn",ber , 
Sample loca\lor .. PersmialIW1 landllll Gas Combus!er 0vtJe1 

RUN' TOTAL TOTAL 
TOTAL TOTAL TOTAL TOTAL FIELD Repor1ing o.l&<:/{on ,. ,. ,e RUN 1 BLANK LImit LimU 

Anal:r:Le I:!~dscm I:!~d.cm I:!sfdscm I:!s/dscm I:!sfdscm I:!a!dscm I:!s/dscm 
AcetOOI5 104 U ~05 U '62 '62 104 U 313 ". Benzene ~24 6 E 315 aaa 165.0 E , '" U 313 13. 
Bromobanzane 1.04 U 1.05 U 11)' U 313 U 

'''' U 
3 13 172 

Bromod1loromethane 260 U 262 U 261 U 783 U 'l61 U 783 172 
Bromoolchloromethane , '" U 105 U , '" U 313 U 104 U 3. 13 13' 
Bromofoon 2.60 U 262 U 261 U 783 U 261 U 7.83 20. 
Bromome'J1ane 5.19 U 524 U 522 U 15.7 U 522 U 157 '" 2-BuLanone (MEK) 104 U 10.5 U 10<4 U 313 U 1O<4U 31.3 100 
n-But~lbenzene 104 U 1.05 U 1 '" U 313 U 

'''' U 
313 24f 

sec-Bulylbenzeoo 11)' U 1,05 U 1 '" U 313 U 
'''' U 

313 301 
IItrt-Bulylbenzene 

''''' U 
105 U , '" U 313 U 104 U 3.13 279 

Carbon Dlsulftde 
'''' U 

105 U 146 1<6 10< U 3.13 132 
Carbon Tetrildllonde , '" U 105 U 1 '" U 313 U 1 <>I U 3.13 105 
ChlorobenZ&ne , '" U , 05 U 104 U 313 U 10<4 U 3.13 1,. 
Chlorodlbromomethana 260 U 2,62 U 261 U 783 U 261 U 7.83 ". 
Chloroolhane 519 U 524\ U 522 U 157 U 522 U 157 122 
Chloroform 1.04 U 105 U 

'''' U 
313 U 104 U 3 13 144 

Chloromelhane 519 U 304 522 U 30< 5Z2 U 157 lB. 
2-Chlorcloluene 1 '" U 105 U I'" U 313 U 104 U 313 1 •• 
4·Chlorolo[uene I '" U 105 U 1.04 U 3.13 U 104 U 313 17. 
1.2 DJbromo·3-ch101'opropa1llt 5.19 U 5241 U 522 U 157 U 522 U 157 501 
1.2·0lbromoethlne 260 U 262 U 261 U 783 U 261 U 7" 122 
Dibromome\hane 260 U 2.62 U 261 U 783 U 261 U 783 200 
1,2·DlChiotoben1;ena I '" U 105 U I '" U 313 U 10<4 U 313 185 
1.3·0Ichlorobenzene 1.04 U 105 U I '" U 313 U 1 '" U 313 200 
1.4\·DlChlorobel1lene 1.04 U 105 U 1 '" U 313 U I '" U 3.13 23. 
OlChlorod!lluoromethane 1<0 157 183 .80 261 U 7" 163 
1,l-Dichioroelhane I '" U 1.05 U 104 U 313 U 104 U 313 '" 1.2-01ChIoroelhane I '" U 105 U 1 '" U 313 U 104 U 313 150 

cIs-1.3·01ChIoroeth_ 1 '" U 105 U 1 '" U 313 U 104 U 3.13 157 
lrans-l .3·DtehIoroelhene 1 '" U 105 U 104 U 313 U 104 U 313 ". 
1. '·Or.::hlOloethene I'" U lOS U I'" U 313 U I'" U 313 1 79 

1.2·0IChloroproponi 104\ U 1.05 U 1 '" U 313 U 104 U 313 141 

I 3-01l:hloropropane 1.04 U 105 U 104 U 3.13 U 104 U 313 2ZZ 
2,2.0lchlomprcpana 104 U 105 U 104 U 313 U 104 U 313 10. 
CI$-I ,3.DlChloropropene 

'''' U 
lOS U , '" U 313 U I '" U 313 122 

"an$-I ,3·0r~ I'" U 105 U I '" U 313 U I"" U 3.13 122 

1.I.OlChloropopene , '" U lOS U 1 '" U 313 U I'" U 313 132 

Elhylbenzene 1 '" U lOS U 104 U 313 U '04 U 313 100 

Hexachiofobulilldlena 2.60 U 262 U 261 U 783 U 261 U 783 128 
2·Hltxanone 104\ U 105 U 10-4 U 313 U 104 U 313 50< 
lsopropybenzene I'" U 105 U 104 U 313 U I'" U 3.13 182 

p-lsopropytLoIuene , '" U lOS U I '" U 313 U I'" U 313 "5 
MeLhylltne Chloride 260 U 325 9.87 131 2 61 U 783 376 

-4-Mslhyt-2·Penlanona (MIBK) 104 U 105 U 104 U 313 U 10 -4 U 31.3 9O. 
NaphaJene 130 262 U 261 U 130 2 61 U 783 207 
n-Propylbenzene I'" U 1.05 U I II< U 313U 1 '" U 3.13 '" SL~rene a B31 lOS U 1 '" U 083 

'''' U 
313 153 

1.1,1,2· Tetrachloroelhane 1 '" U 105 U 1 '" U 313 U 
' ''' U 

313 144 

1,1,2 2-TOlrechloroethane 260 U 262 U 261 U 783 U 261 U 783 210 

TeLrachloroelheoe 104 U 105 U 10 ... U 313 U '04 U 313 13. 

Toluene 343 \31 109 U '" 1 09 U 32' 0845 

1 2 3·T'rc.~lorobenZene 2.60 U 262 U 2&1 U 7 e3 U 2.61 U 783 17. 

1.2A·Trlchlorobeozene 260 U 262 U 261 U 783 U 261 U 783 207 
1. I .1-Tnchloroethane 260 U 262 U 261 U 783 U 261 U 783 160 

1,I,2·TrlChloroelhane 260 U 262 U 261 U 783 U 261 U 783 175 

Trdl!croelt1ene I'" U 105 U I'" U 313 U 
''''' U 

313 310 

TnchlOfcfluoromelhanti 519 U 398 836 875 522 U 157 251 

12,3.Tnchloropl"opane 2.39 262 U 261 U 239 261 U 783 310 

12.4-Tnmethylbonzene 1 '" U 105 U 104 U 3.13 U 104 U 313 197 

1.3.S-T rJTIalhylbenzane 104 U ~ 05 U 104 U 313 U I'" U 313 232 

Vtnyl Cr,lonCle ,"" U 105 U 1.0<4 U 313 U , '" U 313 100 

m· & p·Xy\ef'les 206 U 210 U 209 U 626 U 209 U 6.26 225 

o·Xylene 1.04 U 105 U 104 U 313 U 
'''' U 

3.13 ". 
U. No' !le1.Clld., Jp.Qhd reportmg Iimt,. 



EMISSION RESULTS 
VOLAlllE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DtvlSION OF HOEFLER CONSUL nNG GROUP 

File Namr 87SNlo1\PX@CTlMOO3, Sample Oalr 7120107 
CI'e"ll Paramelroc @ Cily of Tacoma l8ndli~ 
LocallOt'1 Tacoma. Washington Lab Number! ' <151<1 -4516 
Run NJfJlbei 2 
Sample: Locahcn PllfemJ31"1 Landfill Ges Combuster Oullrl 

RUN2 TOTAL TOTAL 
TOTAL TOTAL TOTAL TOTAL AELO Rrpol1fng D II IKI;cJn 

2A 2. 2C RUN2 BLANK LImit Limil 

Anal~te l!s/dscm I:!s/dacm 1:!£I/dscm I:!a/dscm I:!!lfdscm 1:!!l/dscm 1:!£I/dscm 

Acelone 102 U 10<1 U 10.2 U 30. U 103 U 30' ' .5 
Benzene 102 U <00 ." '" 1 03 U 3 A. " 2 
8romobenze.'18 102 U HI< U 1.02 U 308 U 103 U 3 0' ". 
Bromo::tJloromelhlne 256 U 260 U 2.5-01 U 7.70 U 257 U 770 ". 
8rornodlChlofomelhaO"l8 102 U 1 '" U 1.02 U 308 U '03 U 30' '" BromofOfm 256 U 2.60 U 254 U 770 U 257 U 770 '00 
Bromomelhane 512 U 519 U 509 U 154 U 513 U 154 240 

2-8ulanone (MEK) 102 U 104 U 102 U 30. U 103 U 30' '" n·8uLylbenzenu 1.02 U 
'''' U 

102 U 308 U 103 U 308 ' " 
see·8ulylbenzana 102 U 1 '" U 102 U 306 U 103 U 308 '" lert·Buly1benZitne 102 U 1 '" U 102 U 308 U 103 U 30' ,r< 
Carbon DIsulfide 102 U 1 '" U 102 U 308 U 103 U 30' ". 
Carbon Te[racl1lotICfe 102 U 1.04 U 102 U 308 U '03 U 30. .05 
Chlorobenzene 102 U 1 '" U 1.02 U 308 U 103 U 30' '" CllIoroolbl"omomalhane 2.56 U 2.60 U 

"" U 
770 U 257 U 770 '17 

ChloroeLhane 512 U 519 U 509 U 154 U 513 U 1S.4 '10 
Chloroform 102 U H)' U 102 U 306 U 103 U 30' "2 
Chloromelhane 32' 519 U 509 U 328 5 13 U ' 54 '.5 
2·Chlorololuene 102 U 1 '" U 102 U 306 U 103 U 30' '" 4·ChlorololL.Klne 102 U 1.04 U 102 U 308 U 103 U 3 A. '75 
1,20,bromo-3·chloropropane 512 U 519 U 509 U 154 U 5 13 U '5' • • 3 

1.2-Olbfomoelhane 2.56 U 260 U 
'" U 

770 U 2!7 U 770 . 10 
DlblOmomelhane 256 U 260 U 2.5-01 U 7 70 U 257 U 770 •• 7 
1,2·01ChIorobenzene 102 U 1C)' U 102 U 308 U 103 U 30' .82 
1.J·Oidllorob9f1Zene 102 U 1 '" U 102 U 308 U 103 U 30' "7 
1 +OlChlorobenzane 102 U 1.0-4 U 102 U 308 U 103 U 3 A. ". 
O'Chlotodd"luoromelhane 318 182 153 '52 257 U 7.10 1. 50 

1.I ·DIChIorCKIlhane 102 U 1 '" U 102 U 308 U 103 U 3 08 105 

1.2·DlctllaroalhiWIe 102 U 
'''' U 

1 02 U 308 U 1 03 U 30' . 48 
cl$· '.3-OlChIoroethene 102 U 1.04 U 102 U 308 U 103 U 30. '54 
lrans·l.3-01ChIoroelhenli 102 U 1 '" U 102 U 308 U 1 OJ U 3.08 117 

1. ' ·OlChloroethene 102 U 1.04 U 102 U 308 U 103 U 30. '" 1 2·01Chloropropane 102 U 1.04 U 102 U 3 08 U 1 OJ U 30' '" , .3·0tchlDroprtlpane 102 U 1 '" U 102 U 308 U 1 OJ U 3 08 2 1' 
2.2·0tChloropropane 102 U 1 '" U 102 U 308 U 103 U 30' . 05 
CJs·l .3·01ChIorop!"opene 102 U 1 '" U 102 U 306 U 1 03 U 30' .10 
IrBons-l.3-0ichlotopcopene 102 U 1 '" U 102 U 308 U 103 U 308 '20 
1,1 ·0Ic.hlofopropeno 102 U 1 '" U 102 U 308 U 103 U 30' '2' 
EttlylbenzenB 102 U 1.04 U 102 U 308 U 1 OJ U 30. 0986 
He:JIachlorobuladtene 256 U 260 U '" U 

770 U 257 U 770 ' 2' 
2·Hexanone 102 U lOA U 102 U "'. U 

103 U ,.. 555 
lsoplopybenzena 1.02 U 1 '" U 102 U 308 U 1 03 U 3 O' ". 
p:-lsopropyUoIuene 102 U 1.04 U 102 U 308 U ' 03 U 3 O' 252 
MBthylene Chlortde 615 '60 U 315 "6 257 U 770 370 

4·MelhyJ·2·Pentanona (MIBK) 10.2 U 104 U 102 U 30.8 U 10J U 30. •• 3 
N<lphalsne 256 U 260 U 254 U 770 U 2 57 U 770 ' 03 
n·PropyJbenzene 102 U I'" U 102 U 308 U 103 U 30. 165 

SI)'fene '02 U 104 U 1 02 U 308 U 103 U , o. 15. 

1 1 1 2-Telrachloroelhane 102 U 1 '" U 102 U 308 U 1 03 U 3 O. .42 
1.1 2.2·Telrachloroolhana 256 U 260 U 25< U 770 U 257 U 770 '0' 
Tetrachloroethane 1.02 U 1 '" U 102 U 308 U 103 U 30. '" Toluene 1 07 U 1.97 0610 256 1 07 U 320 0832 
1 .2. ~-Tn~hlorcobMzene 1 51> II ,m U 154 11 770 U 2 57 U 770 173 

12.4-Tnc.hloroberuene 256 U 260 U '" U 770 U 257 U 770 20J 

1 '.1·Tnchlor08thane 256 U 260 U 25<1 U 770 U 257 U 7.70 '57 
1 1 2-TrIChloroethane 256 U 260 U 254 U 770 U 257 U 770 fl3 
TflchJoroelhene 102 U 104 U 102 U 308 U 103 U 30' 305 

TroGhtorolluOfome\ha.na 512 U 519 U 509 U 154 U 513 U 15' 245 

1,2.3-TrochlOl"opI"opane 2.56 U 260 U 2" U 770 U 257 U 770 '05 
1.2.4· Tn'Oelhylberuene 102 U 

'''' U 
102 U 308 U 103 u 30' '94 

, .3.5· Trmelhylbanzane 102 U 
'''' U 

102 U 308 U , 03 U 30. 228 

Vinyl Chloride 102 U 104 U 102 U 308 U . 03 U 30' 0986 

m. & p·Xylenes 205 U 2 08 U 203 U 616 U 205 U '" '22 
o·Xylene 102 U 104 U 102 U 308 U 103 U 3 A. "3 

U. Net ca t~::ed -' I peClrMl d feportl."'12 j,/MJ 



EMISSION RESULTS 

VOLATILE ORGANIC COMPOUNDS 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTlNG GROUP 


Fie Neme S752-OO1\PX@ CTL M0031 SampIa Dete: 7i20107 
Chent Parametrix @ Cily or Tacoma Landfill 
Location 
Run Number. 

Taeoma, Washington , Lab Numben" 4517 - 4519 

Sample LocatIOn' PenmnTal #1 LandM Ges Combuster Oullet 

RUNJ TOTAL TOTAL 
TOTAL TOTAL TOTAL TOTAL FIELD Reporting Deteel/on 

3' 3. 3C RUNJ BLANK Urn/f Limlf 
Anal~te ~'d.em l:!9!dscm l!:Q/dscm I:!gldsem 1!!J'dscrn l!9!dscm 1!9/dsem 

Acelone 
Benzene 

100 U 
"6 

105 U 
19' 

103 U 
51.1 

30.S U 
115.1 

103 U 
103 U 

JOB 
'OB 

18' 
1 '3 

BromobenZllna 100 U 105 U 1.03 U '08 U 103 U 30B 170 
Bromochloromelhane 251 U 262 U 2.se U 771 U 257 U 771 170 
Bromodlt:hloromethane 100 U 105 U 1.03 U '08 U 103 U 30B 1.36 
Bromororm 2.51 U 262 U 258 U 771 U 257 U 7.71 2.00 
Bromomelhane 502 U 525 U 5.16 U 15.4 U 514 U 15' 2" 
2·Butanone (MEK) 100 U 105 U 10J U 3O.S U 10.3 U JOB 987 
n·Butylbenzene 
sec.Butylbenzene 

100 U 
100 U 

1.05 U 
105 U 

103 U 
1 OJ U 

30S U 
'08 U 

103 U 
1 OJ U 

3.08 
30B 

237 
296 

tert-Sutylbenzene 1.00 U 105 U 1 OJ U '08 U 1 OJ U 3.08 27' 
Carbon DIsulfide 100 U 105 U 103 U 30a U 103 U 30B 130 
Carbon Telrachlor!de 100 U 105 U 103 U ,oa U 103 U 30B 105 
ChlorobenZene 100 U 1.05 U 103 U 'oa U 103 U 30B 133 
ChlorodTbromomelhane 2.51 U 262 U 258 U 771 U 2.57 U 771 117 
Chloroethane 5.02 U 525 U 516 U 154 U 514 U 15.4 1.20 
Chloroform 100 U 1.05 U I OJ U 30a U 103 U 30B 142 
Chloromethane 502 U 268 516 U 2.68 5.14 U 154 1.85 
2-Chlorololuene 100 U 1.05 U 1 OJ U 'oa U 103 U 30B 167 
4·ChlorotokJene 1.00 U 1.05 U 103 U ,oa U 103 U 30B 176 
, ,2 Dibromo-3-chloropropana 502 U 5.25 U 516 U 154 U 514 U 154 "3 
1.2-Dibromoethana 2.51 U 2.62 U 258U 771 U 257 U 771 120 

Dlbromomethane 251 U 2.62 U 258 U 771 U 257 U 7.71 197 
1.2·Dichlorobenzene 100 U 105 U 10J U 30a U 103 U 30B 182 
, .3·Dlchlorobenzene 100 U 1.05 U 103 U 30a U 103 U 30B 197 
1.4·Dlchlorobenzene 100 U 105 U 103 U 30B U 103 U 30B 228 
DlChlorodlnuoromethane 166 131 258 U 297 257 U 771 160 
I, '·DlChloroelhane 100 U 105 U 103 U ,oa U , OJ U 30B 105 

1.2·Dichloroethana 100 U 105 U 1.03 U ,oe U 103 U 30B 14B 

cis·l,3·DlChloroelhane 
Irans-l.3·DichlofoeLhene 

100 U 
100 U 

'05 U 
'05 U 

103 U 
103 U 

,OS U 
30e U 

103 U 
103 U 

30B 
30B 

IS' 
117 

1.1·Didlloroelhene 100 U 105 U 1.03 U 'OS U 103 U 30B 1.76 
1.2-Dichloropropane 
, ,3·Dichloropropane 

100 U 
100 U 

105 U 
105 U 

103 U 
103 U 

,oe U 
,OS U 

1 OJ U 
103 U 

30B 
30B 

1.39 
219 

2.2·Dichloropropane 
ClS·1,3-DlChloropropene 
Irans-l,3·DlchloJopropene 
1.1-Dlchloropropene 
Ethylbenzene 
Hexachlofobuladl8ne 

100 U 
1.00 U 
100 U 
100 U 
100 U 
251 U 

105 U 
105 U 
105 U 
105 U 
105 U 
262 U 

'.03 U 
103 U 
103 U 
103 U 
103 U 
258 U 

,OS U 
,oa U 

'OB U 
,oa U 

'OB U 
771 U 

103 U 
'03 U 
103 U 
103 U 
'03 U 
257 U 

30B 
30B 
, OB 
30B 
30B 
7.71 

10. 
120 
120 
130 

0987 
126 

2·Hexanone 100 U 105 U 103 U JOB U 103 U 30.B 5.5 
lsopropytbenzene 
p·lsopropyllo!uene 
Methylene Chlonde 

100 U 
1.00 U 
251 U 

105 U 
105 U 
262 U 

103 U 
103 U 
258 U 

Joa U 
'08 U 
771 U 

103 U 
103 U 
257 U 

30B 
30B 
771 

1.79 
262 
370 

4·Metnyl·2·Pentanone (MIBK) lOa U 105 U 103 U 30 au 103 U 30 B B 9' 
Naphatene 
rrPropylbeflzene 
Styrene 
1,1,I .2-Tetrachloroethane 

251 U 
1.00 U 
100 U 
100 U 

262 U 
105 U 
1.05 U 
105 U 

258 U 
103 U 
103 U 
103 U 

771 U 
'08 U 
,oe U 
,OS U 

257 U 
103 U 
103 U 
103 U 

771 
30B 
30B 
30B 

20' 
167 
151 
"2 

'.1,2,2·Telrachloroelhane 
Tetrachloroelhene 

251 U 
100 U 

262 U 
1.05 U 

258 U 
103 U 

771 U 
,oe U 

257 U 
103 U 

7.71 
30B 

207 
136 

Tolue:l9 115 0734 114 , 02 107 U 3" 0833 
1.2,3-Tnchlorobanzenc 251 U 2.62 U 258 U 771 U 257 U 771 17' 
1.2,4-Tfichlorobenzene 
I,1,'-Tnc.'lloroethane 
l,l.2·Tf/d1loroolhane 
TrichlCfoothene 

251 U 
251 U 
251 U 
100 U 

262 U 
262 U 
262 U 
105 U 

2 .. U 
25B U 
2 sa U 
103 U 

771 U 
771 U 
771 U 
,oa U 

257 U 
257 U 
257 U 
103 U 

771 
771 
771 
30B 

20' 
157 
173 
305 

Tnchlorof[uoromethane 
1,2,3·Tnchloropropana 
1.2,4-Tnmethylbenzene 
1,3.5-TnmelhylbenzBne 
VInyl Chlof/de 
m· & p-Xylenes 
c-Xylena 

'36 
251 U 
100 U 
100 U 
100 U 
201 U 
100 U 

525 U 
262 U 
105 U 
105 U 
105 U 
210 U 
105 U 

516 U 
2.se U 
103 U 
103 U 
103 U 
206 U 
103 U 

'36 
771 U 
30B U 
3 OB U 
30B U 
617 U 
30B U 

514 U 
257 U 
103 U 
1 OJ U 
103 U 
206 U 
103 U 

1S 4 
771 
30B 
30B 
30B 
617 
30B 

247 
305 
194 
2.28 

0987 
222 
163 

U a Not delected'l $paClfi!!d r.poctJng limll 



IDO 

EMiSSIONS RESUl T5 
VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A DIVISION OF HOEFLER CONSULTING GROUP 

FUe Name: B7S2-00HPX @ CTL MOO31 Sample Dale: 7119/07 
Client: Paramelrix @ CIty or TaeomalBndnll Sample Time: 1510 · 1610 
Location: Tacoma, Washington Lab Numb@r. <1511 
Run Number: 1A Volume Sampled. 00193 dscm 
Sample locauon: Perennial #1 Landnll Gas Combusler QuUel AJrlIow: 9792 7 dscflmln 

Reponing 
RUN1A LlmU MOL 

Tanax. Tube Anasorb Tuba TOTAL TOTAL TOTAL 
1A 1A 1A 1A 1A 

An.l~e I:!SI'dscm I:!afd&cm l:!5Ifdscm I:!s/dscm I-Igldscm 

Acetone 5.19 U 5.19 U 104 U ~O.4 6.23 

Benzene 12-1.6 E 0.52 U 12~ e E 104 0.447 

Bromoberuene 052 U 0.52 U 104 U 104 0.571 

Bromochloromeltlane 1.30 U 1.30 U 260 U 2.60 0571 

Brornodicllloromelhane 0,52 U 0.52 U 104 U 1.04 0457 

Bromororm 130 U 1.30 U 2.BO U 2.60 0675 

Bromomethane 2.60 U 2.60 U 519 U 51" 0.810 

2·Butanone (MEK) 5.19 U 5.19 U 104 U 104 3.324 

n-Sutylbenzeoe 0.52 U 0.52 U 104 U 104 0 .900 

s~·8utyJb6nzene 052 U 0.52 U 1.04 U 104 0997 

lef1·8utylbenzsne 0.52 U 0.52 U 1.04 U 1.04 0924 

Carbon Disulfide 0.52 U 052 U 1.04 U 1.0< 0436 

Carbon Telrechlot1de 0.52 U 0.52 U 104 U 10< 0.353 

Chlorobenzene 0.52 U 0.52 U 1.04 U 104 0.447 

Chlorodibromomethane 1.30 U 1.30 U 2.60 U 260 0.395 

Chl0r0elhane 2.60 U 2.60 U 5.19 U 51. 0405 

Chloroform 0.52 U 0.52 U 1.04 U 104 0478 

Chloromethane 2.60 U 2.60 U 5.19 U 5.19 0.623 

2·Chlorololuene 0.52 U 052 U 1.04 U 104 0.561 

4·Chlorololuena 0.52 U 0.52 U 104 U 104 0.592 

1,2 Qibrnmo-J..dlJoropropane 2.00 U 2.60 U 519 U 5.19 166 

1.2·Dibromoelhane 1.30 U 1.30 U 260 U 2.60 0405 

DibromomeLhllne 1.30 U 1.30 U 2.60 U 260 0.665 

1,2·Dichlorobentene 0.52 U 0.52 U 1.04 U 10< 0.613 

1,3·Dichlorobenzene 0.52 U 0.52 U 1.04 U 104 066' 

1,.·Dichlorobenzene 0.52 U 0.52 U 104 U 104 0.769 

Dichlorodinuoromtthane 1.30 U 1.40 1.40 2.60 0.540 

1.1·0ichlomelhano 0.52 U 0.52 U 1.04 U 104 0353 

1.2·0Ichloroelhane 0.52 U 0,52 U 1.04 U I 04 0499 

CI$+ 1,J.Oichloroelhene 0.52 U 052 U 104 U 104 0519 

I.r.Jns·' ,3·DIchIoroelhene 0.52 U 052 U 104 U '''' 0395 

1,l ·0lchkKoelhene 0.52 U 052 U 1.04 U 104 0592 

l,2·Dlctlloropropane 0.52 U 0.52 U 1,04 U 104 0467 

l,3,OichlOl'llpropane 0.52 U 0.52 U 1.0<4 U 10. 0736 

2,2·0ichloropropane 0.52 U 0.52 U 104 U U)' 0353 

ds·l,J.Dichloropropene 052 U 0.52 U 104 U 1"' 0.405 

tranl·l,J.Dichloropropene 052 U 052 U 104 U 1 04 0405 

1.1·Oichloroprop9f'lB 0 .52 U 052 U 104 U 104 0436 

Elhylbenzene 052 U 0.52 U 104 U 104 0332 

Hexachlorobuledlene 130 U 1.30 U 260 U 260 0426 

2·Hexanone 5.19 U 5.19 U 104 U 10.4 187 

Isopropylbentene 0,52 U 0.52 U 104 U 104 0.602 

p.lsQptopyllo!uene 052 U 0.52 U 104 U 1.04 0.663 

tAeLhylene Chlorlde 130 U 1.30 U 2GO U 260 1.25 

4·Melhyt·2·Penlanone (MiBK) 5.19 U 5.19 U 104 U 10. 301 

Nephelene 130 1,30 U 130 260 0686 

n·Propytbenzene 0.52 U 052 U 1.04 U 104 0561 

Styrene 0.831 052 U Oe31 104 050' 

1,1,1 ,2· Tetr.:l::hloroe\h3ne 0.52 U 052 U 1.0-4 U , .. 0478 

l,l .2,2·Tetredllocoethane 1.30 U 130 U 2,60 U 260 0896 

Tell'ilchloroelhene 052 U 052 U 104 U 10< 0457 

Toluene 3..013 0.54 U 3.<43 1.08 0280 

1.2,3-Trichlorobenzene 1.30 U 1.30 U 260 U 2.60 0.582 

1.2,4· Trichlorobenz.ene 130 U 130 U 2.60 U 2.60 0.686 

1.1.1·lrichloroethane 130 U 130 U 2.60 U 2.60 0'30 

, .1.2·Trichloroelhane I 3{) U 130 U 2.60 U 260 0582 

Tnchloroelhene 052 U 052 U 10<4 U 10< 103 

Tnct'l!oronuorcmelhane 2.60 U 2.S0 U 519 U 51. o B31 

l ,2.3.Trichloropropane 2.39 1.30 U ". 2.60 1.03 

l,2,<4·Trimethylbenzena 0.52 U 0.52 U 104 U ". 0554 

1.3 ,S. Trimelhylbllnzene 0.52 U 052 U 104 U 104 0.769 

Vinyl Chloride 0.52 U 0.52 U 104 U 104 0.332 

m· & p·Xylenes 104 U 104 U 208 U 2 08 0.74B 

o.Xylene 052 U 0.52 U 104 U 104 0551 

u = Not. da!ected at speCifIed repofhng ~IIII:S, 111M result'. reported by \lie taboretof)' as J (e,~mated result reu:han 11'18 leportlng l_ffIlI) It IS peSet'lled as tJ 
E = EStimated result concentration exceeds Ule calibf8~on r8nl3~ 



IDI 

EMISSIONS RESULTS 
VOLA TILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

FIle Name: B752·001\PX @eTlM0031 Sample Dale: 7119107 
Clienl: Parameltix til City gfTacomlllandfitl Sample rlrT'le: 1620 - 1700 
localton : Tacoma, Wasll ingloo lab Number. 4512 
Run Number. ,. Volume Sampled: 0 0191 dscm 
Sample loealion: Perennial til landfill Gas Combusler Oudel Ajr1law: 9792 7 dscfhnin 

R.po(1ing 
RUN 18 Lfmit MOL 

Tllnax Tube Ana.orb Tube TOTAL TOTAL TOTAL ,. ,. ,. 18 18 
Anlll~e 1:!5I/dscm i!s!dlcm I;!gfdscm i!S/dscm !JQ/dlcm 

Acelona 5.24 U 5.24 U 10.5 U 105 6.29 
Benlene 31.5 0.524 U 315 1.05 0.-451 
Bromobenzene 0.524 U 0.524 U 105 U 1 05 0.577 

BromochloromeUlane 1.31 U t .31 U 2.62 U 262 0.577 
8romodlc.h10f0meU\all6 0.524 U 0.524 U 1.05 U lOS 0.461 
.mmoIonn 1.31 U 1.31 U 2.E2 U 2.62 0.681 
Bromomalhanll 2.62 U 2.e2 U 5.2'" U 52. a .BIB 
2·Bulanone (MEKJ 5.24 U 5.24 U 10.5 U 10.5 3.35 

n.Butylbenzone 0.52" U 0.524 U 105 U 1.05 0607 
sec-Butylbenzeno 052" U 0.52" U 105 U 1.05 1.006 

lert·Butylbenlene 0.524 U 0.52" U 105 U 1.05 0 .933 

Carbon Oiaullide 0.524 U 0.524 U 1.05 U 1 05 0.440 

Carbon Tetratllioride 0.524 U 052" U 1.05 U 105 0.356 

ChlorooenZef'le 0.524 U 0.52" U 1.05 U l OS 0."51 

Chtorodibromomethane 1.31 U 1 Jl U 262 U 262 0.398 

CNaroe<h .... 2.62 U 2.62 U 524 U 52' 0.409 

Chtotofonn 0.524 U 0.524 U 105 U 1.e5 0 .482 

Chklfomethane 2.62 U 304 30< S2< 0 .629 

2-Chlorotoluene 0.52.01 U 052 .. U 105 U 1 05 0 .566 
"·Chlomtoluene 0.524 U 0.52" U 105 U 1.05 0 .596 

1.20ibtomo-3·ddoropropane 2.62 U 2.62 U 524 U 5.2.01 166 
1,2-Dibromoelhane 1.31 U 1.31 U 2.62 U 2.62 0.409 

Dlbromomethane 1.31 U 131 U 2.62 U 2.62 0.671 

1,2·Dlchlorobenzene 0.52" U 0.52" U 1.05 U 1 05 0.619 

1.3·Dlchlorobenzene 0.524 U 0.524 U 105 U l OS 0.671 

1.4·Did'ilort>blmzeTl9 0.524 U 0.524 U 1 05 U 105 0.776 

Oichlonldll1UOf'Ortlelhaoo 131 U 1.57 1.57 2.62 0.5-45 

1.1·Otchk>roethane 0.524 U 0.524 U 105 U 1.05 0356 

1.2·Dichk)foctt.ilnc 0 .524 U 0.524 U 105 U 1.05 0503 
cs·l.3·Dtchloroethene 0.524 U 052.01 U 105 U 1.05 0524 

lrant·' ,3-Dtchl0r0etheoe 0.524 U 0.5204 U 105 U 1.05 0 .398 

1.1·0idllomethene 0.524 U 0.52.01 U 105 U lOS 0 .598 

1.2.0ichlompropane 0524 U 0.52.01 U 1.05 U 1.05 0472 

1.3.Dichloropropane 0.524 U 0.52.01 U 105 U lOS 0 .74.01 

2.2·0Ichloropropane 0.524 U 0.5204 U 1.05 U 1.05 0 .356 

cis·l.3·0Ichloropropene 0.524 U 0.524 U 1.05 U 1.05 0 .409 

trans-1,J..Oichlorcpropene 0.524 U 0.52" U 105 U lOS 0..409 

1.1-Did'ilompropene 0.52-4 U 0.52" U 105 U 105 0.4-40 

Elhylbenzene 0.524 U 0.52" U 105 U 1.05 0.335 

Hexachlorobuladiene 1.31 U 131 U 262 U 262 0..430 

2-Hexl!none 52 .. U 524 U 10.5 U 10.5 189 
Isopropylbtnzene 0.52" U 0.524 U 1 05 U 1.05 0.608 
p.Jsopropyll04uene 0.524 U 0.524 U 105 U lOS 0.891 

Methylene Chloode 3.25 131 U 3.25 2.62 126 
4·Melhyl·2·PenJenone (MIBK) 5.2-4 U 5.24 U 1C5 U 10 S 304 
Naphalene 131 U 1.31 U 262 U 262 0 .692 

n·Propytbenzene 0.524 U 0.524 U 105 U 1 as 0 .566 

Slyrene 0.52" U 0.524 U 1.05 U 1.05 0.5104 

1,1,1,2· Tetrachloroethane 0.524 U 0.524 U 105 U 1.05 0.482 

1,1.2,2· Tetrachloroethene 1.31 U 131 U 262 U 262 0.702 

Telrachloroelhene 0 .524 U 052 .. U 105 U 105 0,461 

ToIue.ne 131 0545 U 1.31 109 0 283 

t ,2.3-TrichIOl'obenzene 1.31 U 1.31 U 2.62 U 262 0.587 

1,2.4-Tnchlorobenzene 131 U 1.31 U 262 U 262 0692 

1,1.1-TriChloroelhane 131 U 1.31 U 262 U 262 0.535 

1,1,2-Trichloroelhane 1.31 U 1.31 U 262 U 262 0587 

Tnchloroethene 0.524 U 0.524 U 105 U 105 1(1' 

T richloronuoromelhane 2.62 U 3.6 3.6 5.24 0 .839 

1.2.3· Trit,hloropropane 1.31 U 131 U 262 U 2.62 1 0' 
1.2 .... Trimelhylbenzene 0.52" U 0.524 U 105 U 1.05 0 .660 

1.3,5· Trimelhylbenzene 0.52" U 0.52-4 U 105 U 1 as 0 .776 

Vmyl Chloride 0 .52" U 0 52-4 U 105 U lOS 0.335 

m-" p.Xylenes 1.05 U 1.05 U 210 U 210 0.755 

o-xytene 0524 U 0.52-4 U 105 U lOS 0.556 

U • Not deteet8CI at5pecified reporting 1l1'l1I11; lithe rnuilis raported by the laboratory IS J (esllrmlled resu:t leu than 1M repal't<ng IImlt) It Is pr1lSenled as U 
E = EI~m'lled rnuli. concantrauon excHds 1M catibn!.~on rang" 



IN 

EMISSIONS RESULTS 
VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL liNG GROUP 

File Name: a752·001\PX ~ ell MOQ31 Sample DaLe: 7119107 
Client: Paramelrix!Sl CUy or Tacoma Landfill Sample Time: 1719 ·1759 
location: Tacoma, Washll'\QlOn Lab Number: 4513 
Run f"kJmber: lC Volume Sampled: 00191 dscm 
Samp~ locattoo: PereoNaI 'llendfill Gas Combusler OVUel Airftow: 97927 dsclfmin 

Reponing 
RUNle Limit MOL 

Tenax Tube Anuorb Tube TOTAL TOTAL TOTAL 
lC 1C 1C 1C lC 

Anll:tls 1!9/dscm I:!afdscm I!!lfdscm I:!g/dscm p91dscm 

Acetone 162 522 U 16.2 10' 627 
Benzene ... 0.522 U .BB 104 0.<449 
Bromobenzena 0.522 U 0.522 U 104 U 104 0.574 

Bromod1l0r0malhane 131 U 131 U 261 U 261 0574 
Bromodtcl'lloromelhene 0.522 U 0522 U 1!), U 104 0.460 
Bromofonn 131 U 1.31 U 261 U 261 0.679 
Brumomelhane 2.61 U 261 U 522 U 5.22 0.a1S 
2·Bulanone (MEK) 5.22 U 5.22 U 10.<1 U 10.04 3.34 

n·Butytbenzene 0522 U 0.522 U 104 U 1.04 0.04 
sec-Butylbenzene 0.522 U 0.522 U 104 U 104 1.003 

tert.Butylbenzene 0.522 U 0.522 U 104 U 1.04 0.930 

Carbon Disulfide 1.46 0.522 U 146 1.04 0.439 

Carbon Teltachloride 0.522 U 0.522 U 104 U 1.04 0.355 

Chlorobenzene 0.522 U 0.522 U 104 U 1.04 0.449 

ChlofOdibromomethane 1.31 U 1.31 U 261 U 261 0.397 

Chlexoetnane 2.61 U 2.B1 U 522 U 5.22 0407 

Chlo(Ofonn 0522 U 0522 U 11)' U 1.04 0480 
Chloromethane 261 U 261 U 5.22 U 522 0627 

2-Chlorololuene 0.522 U 0.522 U 11)' U 104 0.564 

4·Chlorololuene 0.522 U 0.522 U 1()' U 104 0.595 

1,2 Olbromo-3-chloropropene 2.61 U 2.61 U 522 U 5.22 1.67 

1,2·Dibromoethane 1.31 U 1.31 U 261 U 261 0.407 

Olbromomelhane 1.31 U 1.31 U 261 U 2.61 0.688 

1,2·Dichlorobenzene 0.522 U 0.522 U 104 U 104 0.B16 

1,3-0Ichlorobentene 0.522 U 0522 U 1.04 U 1.04 0'" 
1,4·Dichlorobenzene 0.522 U 0.522 U 104 U 1.04 0773 

OichlClrodlnuornmethane 1B3 1.31 U 1.83 261 0543 
1.1·Otchlomelhane 0.522 U 0.522 U 104 U 104 0.355 

1,2·01chIoroelhane 0522 U 0.522 U 1.04 U 104 O.SOl 
os·, .3·Dktlloroelheoe 0.522 U 0 .522 U 104 U 104 0522 

Irans-l,3-Dichloroelheoe 0.522 U 0.522 U '04 U 104 0397 

1,1·DichlorDelhene 0.522 U 0522 U 104 U 1.04 0595 

1,2·Dichloropropane 0.522 U 0522 U 104 U 104 0.470 

1,3·Dic;hloropropane 0.522 U 0522 U 104 U 1.04 0742 

2,2·Dlch!oropropaM 0.522 U 0522 U 104 U 1.0 .. 0355 

cis-1,3-0Ichloropropene 0.522 U 0522 U 104 U 1.04 0407 

trans-l,3·Oichloropropene 0522 U 0522 U 104 U 10. 0407 

1.1·0Ichloropropene 0522 U 0522 U 
'" U 

104 0439 

Ethylbenzene 0522 U 0.522 U 104 U 104 033<1 

HexachtoroblJladtene 1.31 U 1.31 U 261 U 261 0<128 

2·Hexanooe 522 U 5.22 U lOA U 10. 1.BB 

Isopropylbenzeoe 0522 U 0522 U 104 U 10' 0.606 

p-lsopropyfloJuene 0522 U 0.522 U 104 U 104 D.See 
Methylene Chlcnde 9.B7 131 U 961 2.61 125 
4-Melhyl·2·Penlancne (MiBK) 5.22 U 522 U 104 U 104 3.03 

Naphalcne 131 U 131 U 261 U 2.61 o B89 
n·Propylbcnzene 0.522 U 0.522 U 104 U 10. 056' 
Styrene 0.522 U 0522 U 10<1 U 1.<>4 0.512 

1.1,1.2-"ietfac.hlorot:Ulifll1! 0522 U 0522 U 1011 U 104 0 .. 0 

1.1.2.2-Tetfac.hloroelhane 1.31 U 1.31 U 251 U 261 0.700 

TelrachlOfoelhene 0.522 U 0522 U 104 U 104 0.<160 

Toluene 0.5-43 U 0543 U 109 U 109 0.282 

1.2.3-Trithlofobenzene 1.31 U 1.31 U 261 U 261 0 .585 

1,2,4-TriChlorobenzene 131 U 1.31 U 261 U 261 0.689 

1,1,1· Trich\oroethane 131 U 131 U 261 U 261 0533 

1,1 .2· TrichlOroethane '31 U 131 U 261 U 261 0.585 

Trichloroetnene 0.522 U 0.522 U 10<1 U 104 103 
TrichloroOuoromelhane 83.6 261 U .36 522 0836 

1.2,3· Triehloropropane 1.31 U 131 U 261 U 261 103 
1,2,<1· Tnmelhylb9flzene 0.522 U 0522 U 104 U 104 0.658 

1,3,5.Trinlelhylbenzene 0.522 U 0522 U 104 U 104 0773 

Vinyl Chlonde 0522 U 0522 U 104 U 104 0.33<1 

m- & p.Xylene.! 104 U 104 U 2.09 U 209 0752 

o-Xylene 0.522 U 0522 U 1.04 U 104 0554 

U ;:: Nol de\ecled .1.1 specrled repochng lllnll5. IIlhe reRAIIS reported by ~ lebofalOty a.s J (eslrnaled rB5ullien thin the r&pQf'J~ hmlt) LIIS prasBfl!itd as U. 
E ;:: ES\lmaled r.s~ concel1!!a~oo excaeds Ih8 calibra~on range 
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EMISSIONS RESULTS 
VOLATILE ORGANIC COMPOUNDS 

ArnEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Fde Name 8752-00t\Px@ellMOO31 Sample Data 7119107 
Cbent Paramelnx @ CI:Y of Tacoma LandlJII 
LocatIOn. Tacoma, Washington 
Run Number 1FB Volume Sampled- 00192 ds=:m 
Sampla location: PerennlBl.1 Landfill Gas Combuslar Outlet 

Reponing 
Run 1 - Field Brank Llmi. MDL 

Tenax Tube An.sorb Tub. TOTAL TOTAL TOTAL 
FB FB FB FB FB 

Anal;ile l:!!Zdacm I:!S/d5cm I:!~dscm l:!!Zdscm ~dscm 

Acetone 5.22 U 522 U to4 U 104 IDA 
Benzene 0.522 U 0522 U 1 04 U 104 104 
Bromobenzena 0.522 U 0522 U 1.04 U 104 1.04 
Bromochloromelhane 130 U 130 U 261 U 261 2.61 
Bromodlchloromelhan8 0522 U 0522 U 1 04 U 11" 1.04 
8romofonn 1.30 U 130U 261 U 261 2.61 
Bromomelhane 261 U 261 U 5.22 U 522 5.22 
2-Bulanona (MEK) 5.22 U 5.22 U 104 U 104 10.4 
n.8ulylbanzene 0522 U 0522 U 11" U '0' 104 
sec-Bulylbenzene 0522 U 0522 U 1.04 U 104 104 
tert-Butylbenzene 0522 U 0522 U 1 04 U 10' 104 
Carbon Disulfide 0522 U 0.522 U 1 04 U 1 0' 1.0< 
Carbon Telrachlortde 0522 U 0522 U 1 04 U 1 04 1.04 
Chlorobenzene 0522 U 0522 U 1 04 U 1 04 104 
Chlorodibromomethane 130 U 130 U 261 U 261 2.61 
Chloroeihenll 2.61 U 261 U 522 U 522 522 
Chlorororm 0.522 U 0522 U 104 U 1 0' 104 
Chloromethane 261 U 261 U 522 U 522 522 
2-Chlorololuene 0522 U 0522 U 10< U 104 1.04 
4-Chlorololuene 0522 U 0522 U 104 U 104 104 
1.2 Dlbromo-3-chloropropans 261 U 261 U 522 U 5.22 5.22 
1.2-Dlbromoelhane 130U 130U 261 U 261 261 
Oibfomomeihane 1.30 U 130 U 261 U 261 2.61 
1,2-DlChlofobanzene 0522 U 0 522 U 104 U 10< 104 
1,3-DlChlorObenzene 0522 U 0522 U 104 U 104 104 
1 A·Dichlorobenzene 0522 U 0 522 U 104 U 104 104 
DichJorodlfluoromelhene 1.30 U 130 U 26' U 261 261 
1,1 ·DlChloioelhane 0522 U 0 522 U 104U 1 0' 104 
1,2·01Ch1oroe1hans 0522 U 0522 U 1 04U '0' 10< 
Cls·l,3-DlChloroelh&ne 0522 U 0 522 U 104U 104 104 
Irans·' ,3·0ichloroethenQ 0522 U 0522 U 1 04U 104 104 
1,1·01ChIoroelhene 0522 U 0522 U 104U 104 104 
1,2·01ChlonJpropane 0522 U 0 522 U 1 04 U '0' 104 
1,3-01Chloropropane 0522 U 0522 U 1 04 U 1 0' 11)' 
2,2-01ChIoropropane 0522 U 0 522 U 104 U 104 11" 
eis-l ,3-01ChIoropropene 0522 U 0522 U 1 04 U 1 0' 104 
\fans-l.3-0idlJoropropene 0522 U 0 522 U 104 U 104 11" 
1,1-Dlehloropropene 0522 U 0522 U 104 U 10< 10< 
Elhylbenzene 0522 U 0522 U 1 04 U 104 1.0< 
Hexachlorobuladlefle 130 U 1.30 U 2 6~ U 261 2.61 
2-Hexenone 522 U 522 U 104 U 10 , 10 , 

lsopropylbenzene 0522 U 0522 U 1 04 U 10' 104 
p-Isapropyllolucne 0522 U 0522 U 1 04 U '0' 1.04 
Melhylene ChlotJde 130U 130U 261 U 261 261 

10 ,4-Methyt-2-Pentanone (MIBKJ 522 U 5.22 U 104 U '0' 
Naphelene 130 U 130 U 261 U 261 261 
n-Propylbenzens 0522 U 0522 U 1 04 U 104 11" 
Slyrene 0522 U 0522 U 1 04 U 10' 104 
1.1,1,2-Telrachloroolhane 0522 U 0522 U 1 04 U 10< 104 
1,I,2,2-TelradlklroeLfJane 130 U 130 Ll 261 U 251 261 
Telrachloroelhane 0522 U 0522 U 1 04 U 104 104 
Toluene 0543 U 0543U 109 U 109 109 
1.2,3-Trichlorobenzenll 130 U 130 U 261 U 261 261 
1.2,4-Tncl1lorobenzenll 130 U 130 U 261 U 261 261 

1.1," Trichloroethane 130U 1.30 U 261 U 261 261 
1,1,2-Tnchloroothane 130 U 130U 261 U 261 261 
Tric.tlJoroelhenll 0522 U 0522 U 1 04 U 10< 104 
Trdliorofluoromethane 26' U 261 U 522 U 522 522 
1,2,3· T flchloropropane 130 U 130 U 261 U 261 261 
1.2,4-Tflmelnylbsnzene 0522 U 0522 U 1 04 U '0' 104 

1.3,5·Tnmelhylbenzllne 0522 U 0522 U 1 04 U 104 10< 
Vinyl ChlOride 0522 U 0522 U 1 04 U 104 104 
m· & p·Xylell8s 10< U 209 U 209 209 

'''' U
o-Xylene 0522 U 0522 U 1 04 U 10' 10< 

U. Nel do!od!d at speCified reporting I"n,\s; If tho r"l!lut! il flIportld by lhl llbontlary I. J (n~m.lad rnulL lell :1":ln \ho repor'.mg ~mll) it IS preunlod .. L' 
E. Eltlmal!d flIlull, concentfiltlOJ"i eXI:III"d.1h1 l:lllitnllon ntngl. 

http:repor'.mg
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eMISSIONS RESULTS 

VOLA TILE ORGANIC COMPOUNDS 
AMTEST AIR QUAUTY. A DtvlSIOH OF HOEFLER CONSULTING GROUP 

File Name: 8752-OO1\PX@Cll M0031 Sample Dale: 7I20I07 
Client Pammetrix @CityofTacoma landfill Sample Time ' 631·911 
localion: Tacoma, Washington lab Number; <451-4 
Run Number: 2A Volume Sampled: O.019.s dscm 
Sample localioo. Perennial'l landfill Gas Combuste( QuUe\ An1low: 10933 dscflmin 

Reporting 
RUN 2A Limit MOL 

lenn Tube Anuarb Tube TOTAL TOTAL TOTAL 
2A 2A 2A 2A 2A 

Anal:z:t. 1:!!I'dsc:m l!9/dscm I!g/dscm I:!s'dscm 1I9/dscm 

Acetone 5.12 U 5.12 U 10,2 U 102 6.15 
Benzene 0.512 U 0512 U 102 U 102 0.441 
Bromobenzene 0.512 U 0512 U 102 U 102 0.564 
Bromochloromelhane 1.28 U 128 U 256 U 25' 0564 
Bromodichl0r0melhane 0,512 U 0.512 U 102 U 1.02 o .tI51 
Bromoform 1,28 U 1.28 U 2.56 U 2.56 0.666 
Bromomelhane 2,56 U 256 U 5.12 U 5.12 0799 
2·Butimona (MEK) 5,12 U 5.12 U 102 u 10,2 '2B 
n.Bulyibem:ene 0.512 U 0.512 U 102 U 102 0.789 
,ec-Bul)1ben~ene 0.512 U 0.512 U 1.02 U 102 0984 
IefI.Butylbenzene 0.512 U 0.512 U 1.02 U 1.02 0.912 
Carbon Disulfide 0.512 U 0.512 U 102 U t .02 0.4130 
Carbon Telr9chlortde 0512 U 0.512 U 102 U 1.02 0.348 
Chloroberuene 0.512 U 0.512 U 102 U 102 0.41 .. ' 
Chlorodibrumomethane 1.28 U 1.28 U 2.56 U 256 0,., 

Chloroelhane 2.56 U 2.56 U 512 U 512 0'00 
Chlorofolm 0.512 U 0512 U 1.02 U 102 0.471 
Chloromelhane 2.56 U '" 3.28 512 0.615 
2·Chlorololuene 0512 U 0512 U 1.02 U 102 0553 
4·Chlorololuene 0512 U 0.512 U 102 U 102 0584 
1.2 Oibromo-J.dlloropropane 2.56 U 2.56 U 5.12 U 5.12 16< 
1.2-0ibromoelhane 1.28 U 1.28 U 2.56 U 2.56 0400 
Dibromomelhane 1.2B U 1.28 U 2.56 U 2.56 0656 

'.2·Dlchlorobenzene 0.5'2 U 0.512 U 102 U 1.02 0.605 
1,3-Dichlorobenzene 0.512 U 0512 U 102 U 1.02 0656 
1,4·Dichlorobenzene 0512 U 0512 U 1.02 U 1.02 0758 
Dlc.hlorodlnuornmelhane 128 U 3.18 318 2.56 0.533 
1.1-Dichloroelhane 0.512 U 0.512 U 1.02 U 1 02 0.3<18 
1,2·Dlchloroelhanc 0,512 U 0.512 U 102 U 1 02 0492 

cis· I .3·Dichloroe!hene 0512 U 0512 U 102 U 102 0512 

lIans·l.3·Dict1lofOelhene 0512 U 0.512 U 1.02 U 102 0.389 

1, '·Dichloroethene 0.512 U 0.512 U 1.02 U 1.02 0.584 

1.2·Ok:hloropropane 0512 U 0.512 U 102 U 1.02 0..0161 

1.3·OictlkH'opropane 0512 U 0.512 U 1.02 U 102 0.728 
2.2·Dicf1loropropane 0512 U 0.512 U 1.02 U 102 0.348 

cis- l,3·DlcNoropropene 0512 U 0.512 U 102 U 102 0..0100 

trans·l .3-0u:hloropropene 0512 U 0.512 U 1.02 U 102 0 .. 400 

1.1.Dichkx'opropene 0512 U 0512 U 1.02 U 102 0,430 

Elhylbenzene 0.512 U 0512 U 1.02 U 102 0328 
Hexachlorobuladieoe 128 U 1.28 U 256 U 2.56 0420 
2·Hexenone 512 U 5.12 U 102 U 102 1 8' 
Isopropylbenzene 0.512 U 0512 U 102 U 1 02 o Sg4 

p·lsopropylloluene 0.512 U 0.512 U 102 U 102 0871 
Methylene Chloride .'5 128 U 615 2.56 123 
4.Melhyl·2·Penlanone (MiBK) 512 U 512 U 10.2 U 10.2 2.97 
Naphalene 1.28 U 128 U 2.56 U 2.56 0676 
n·Propylbenzene 0.512 U 0.512 U 1.02 U 1.02 0553 

Styrene 0.512 U 0.512 U 1.02 U 1.02 0502 
1,1.1,2·Tetrachloroelhane 0512 U 0.512 U 1.02 U 1.02 00471 

1,1.2,2· Telrachloroethane 1.28 U 1.28 U 2.56 U 2.56 0.687 
TelIachloroethene 0.512 U 0.512 U 102 U 1.02 0.451 

Toluene 0533 U 0533 U 1.07 U 107 0277 
, .2,3-Trichlorobenzene 128 U 1.28 U 258 U 2.56 057<1 

1,2.4-Trichlorobenzene 128 U 1.28 U 2.56 U 256 0.676 

1.1 ,1· Trichloroelhane 128 U 128 U 256 U 2.56 0523 

1.1 .2· TOchloroelhane 128 U 1.28 U 258 U 256 0574 

T ndlloroethene 0.512 U 0512 U 102 U 1.02 101 

T rlchlorol:uoromelhane 2.56 U 2.55 U 5.12 U 5.12 0820 

1,2.3· T richtoropropane 128 U 1.28 U 256 U 2.56 101 

1,2.4-Tmelhylbenzene 0512 U 0512 U 102 U 102 0 ... 

1.3,5-Tnmelhylbenzene 0.512 U 0512 U 102 U 1.02 0758 

Vinyl Ch!onde 0.512 U 0.512 U 102 U 1.02 0328 

m· .\ p.Xylenes 1.02 U 1.02 U 2.05 U 205 o 73B 

o·Xylene 0.512 U 0512 U 102 U 1.02 0 .5<13 

U = Nol dele~lec! al speQ.fi&d report1n1l klTllls: If the resullis reported by \he laboratory as J (estlmaled result less !hen lha reponing 111'T\I1) IllS presented as V 
E = Estlmaled result: concenlra~on 8xcaods the cahbrllll0n renge 
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EMISSIONS RESULTS 

VOLATlLE ORGANIC COMPOUNDS 


AMTEST AIR QUALITY, A DIVISION 017 HOEFLER CONSULTING GROUP 


File Name: B752·001\PX «!'II eTl M0031 Sample Oate: 7120107 
Client: ParamelJix @ CIty or Tecoma Landfill Sample Time: 9'26 ·1000 
localion- Tacomll. Washington Lab Number: 4515 
RunNumb~ 2. Volume Sampled: 0.0193 dst:m 
Sample location: Perll!nnial #1 landfill Gas Combuster Dullel AI.- 10933 dacflmin 

Reporting 
RUN2B Umit MOL 

Ten•• Tube Anllom Tube TOTAL TOTAL TOTAL 
2. 2. 2. 2. 2. 

Ana~t. ~H/d.cm I:!gldscm I;!g/dscm 1:!9fdscm llg/dscm 

Acetone 5.19 U 5.19 U 10..q U 10. 
Benzene 40.0 0.519 U .00 10< 0",,47 
Bromobenzene 0 .519 U 0.519 U 1(" U 1.0< 0 .571 
Bromochloromethane 1.30 U 1.30 U 260 U 2.60 0571 
Bromodichloromelhane 0.519 U 0.519 U 1 .. U 104 0457 
Bromoform 1.30 U 1.30 U 2.60 U 260 0.675 

'" 

.,.Bromomethan8 2.60 U 2.60 U 519 U 0.810 
2·Bulanone (MEK) 5.19 U 519 U 104 U 10.-4 3 .32 
n-Butylbenzene 0.519 U 0519 U 104 U 1 O. 0 .800 
sec-Butylbenzene 0519 U 05'9 U 10-4 U 1.04 0.997 
lert.Butytbenzene 0.5'9 U 0519 U 1.001 U 104 0.924 
Carbon Oilliulride 0 .519 U 0.519 U 1,04 U 10< 0.436 
Carbon Tetrachloride 0.519 U 0.519 U 104 U 0.353 '''' Chlorobenzene 0.519 U 0.519 U 1.04 U 104 0447 
Chlorodibromomelhane 1.30 U 1.30 U 2.60 U 260 0395 
Chloroelhane 2.60 U 2.80 U 5.19 U • 1. 0405 
Chloroform 0.519 U 0.519 U ' 04 U ' ''' 0",,78 

Chloromethane 2.60 U 2.60 U 519 U 5.19 0.623 
2-Chlornloluena 0519 U 0.519 U 104 U 1.04 0.551 

4·ChlorololuBOe 0.519 U 0.519 U 104 U 10. 0592 
1,2 Oibromo-3..chtompropane 2.60 U 260 U 519 U 5.19 168 

1.2·0ibromoethane 1.30 U '30 U 2.60 U 2.60 0.405 

Dibromomelhana 1.30 U '30 U 2.60 U 2.60 0.655 

1.2-OichIorobenzeno 0.519 U 0.519 U 104 U 10. 0613 

1.3-DId'llorobenzene 0.5t9 U 0.519 U 104 U 104 068. 

1.4·0ict1I0r0befUene 0.5'9 U 0.519 U 1.04 U 10< 0.769 

DichlorodifluOfl)melhane 1 JO U 1.62 1.82 2.60 0.540 

, ,1-0ichloroelhane 0519 U 0.519 U '04 U 1.04 0.353 

1,2·0ichloroelhanl! 0519 U 0.519 U 104 U 10' 0499 

as·' ,3-0id"doroelilene 0.5'9 U 0.519 U ' .04 U 104 0519 

lrans·l,loOichloroelhene 0.519 U 05,9 U 1.D4 U 1.0< 0395 

1,1-Dichloroelhene 0,519 U 0.519 U 104 U 1.04 0.592 

1.2-DlchIDl'opropane 0.519 U 0.519 U 104 U 10' 0.467 

1,3-0ichl0r0propane 0.St9 U 0.5'9 U 104 U 10. 0.737 

2,2.OIchloropropene 0.519 U 0.519 U 1.04 U 0353'''' cis·1 ,3-0ichloropropene 0.519 U 0.S19 U 1.004 U 1.04 0'05 
IrBns-1 .3·DichlOfopropene 0.519 U 0.S,9 U 104 U 1.04 0.-405 

1.1.Dichloropropl!na 0.519 U 0.519 U 104 U 1 04 0436 

Ethylbeozene 0519 U 0.519 U 1.0-4 U 1.0< 0332 

Hexachlorobutadtene 1.30 U 1.30 U 2.60 U 260 0.26 

2·Hexanone 5 .HI U 5.19 U lOA U 10. 187 

lsopropylbenzenl! 0519 U 0.519 U '04 U 104 0.602 

p.lsopropyltoluene 0.S1e U 0.519 U '0-4 U 104 0.683 

Methylene Chloride 1.30 U 1.30 U 260 U 2.60 12' 
-4.Methyf.2.Penlanone (MlSK) 519 U 5.19 U 10.-4 U 104 301 

Naphalene 1.30 U 1.30 U 260 U 2.60 0886 

n.Propylbenzene 0.519 U 0.5'9 U 104 U 104 0.561 

Styrene 0.519 U 0.519 U 1.04 U 1.04 0 .509 

l,l,1 ,2·Tetrachloroelhane 0.519 U 0.519 U 104 U 0.471' 

1,1,2,2· Tetrachloroethane 1 JO U 130 U 260 U 2.""60 0 ... 

Telrachloroelhene 0.S19 U 0.519 U 104 0457 
"" U

Toluene 1.97 0.540 U ' .97 1.08 0280 

1.2,3-Trichkxoberu.emt 1.30 U 1.30 U 260 U 2.60 0.5!l2 

1,2,-4· Trichlorobenzene , 30 U 1.30 U 2.60 U 260 0.696 

1,1 ,1· T richloroelhane 130 U 130 U 260 U 260 oS30 

1.1,2·Trlthloroelhane 1.30 U 1.30 U 2.60 U 260 0 582 

TricNOroelhene 0519 U 0519 U 1.D4 U ~ . 04 1.03 
5.19 0.831Trichk)IClfluommathana 260 U 2.60 U 5.19 U 

1.2,3·Trichloropropane 130 U 1.30 U 260 U 260 1 03 

1.2,4· Trimelhylbenzene OSHI U 0.519 U 104 U 104 0.65-4 
104 07691.3.5-Trimelhylbenzene 0519 U 0519 U 1.04 U 
104 0332Vinyt ChlOfide 0.519 U 0.519 U 1.04 U 

m· & p·Xylenes , 0< U 1.0-4 U 2.06 U 200 0746 

o·Xylene 0519 U 0.519 U 1.0-4 U 104 0550 

U = Nel dlteded at .pecfiltd nlperun; IJmtlS; IlIhe laSIAI is raported by 1M l~lory.' J (al~maled risuli len IMn tha mporung lun!!) II II presented as U 
E " EIWnaled feSIAI. c.oncenlratlon exceeds \h8 cal,bra~ ()O range 
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EMISSIONS RESULTS 


VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: B752-001\PX @CTLMOO31 
Client­ Paramelrix @ City of Tacoma landfill 
LocaUon: Tacoma, WashIngton 
Run Number: 2C 
Sample Locabon: Perennial #1 Landfill G09 Combuster Oullet 

Sample DaLe: 
Sample Time: 
lab Number: 
Volume Sampled: 
Airflow: 

RUN2C MDL 
TOTAL 

2C 
ug/dscm 

8.10 
0.0438 
0.560 
0.560 
00448 
0661 
0.79<1 
326 

0.783 
0.977 
0.906 
0.427 
0.346 
0.438 
0.387 
0397 
0.468 
0610 
0.549 
0.580 
163 

0397 
0651 
0.600 
0651 
0753 
0529 
03<16 
0488 
0509 
0.387 
0580 
0<158 
0722 
0346 
0397 
0.397 
0427 
0.326 
0<117 
163 

0500 
0865 
122 
295 

0.672 
0.549 
0.0499 
0.0468 
0682 
0.448 
0.275 
0.570 
0.672 
0.519 
0.570 

1.01 
0814 

101 
0641 
0753 
0326 
0733 
0539 

7120107 
102B -110B 

4516 
00197 dscm 
10933 dscffmin 

Reporting 

Limit 


TOTAL 

2C 

pg/dscm 

10.2 
1.02 
102 

""1.02 
2.54 
5.09 
10.2 
1.02 
1.02 
1.02 
1.02 
1.02 
1 02 
254 
509 
1.02 
509 
1.02 
1 02 
509 

'" 

1 02 
1 02 
1 02 
254 
1 02 

'" 


1.02 
1.02 
1.02 
1 02 
1 02 
1 02 
1 02 
1 02 
1 02 
1 02 
1.02 
2.54 
10.2 
1 02 
1.02 
2.54 
102 
254 
1 02 
1 02 
1 02 
254 
1 02 
1 06 
2.54 

'" 2.5011 
2.54 
1.02 
5.09 
2.54 
1.02 
1 02 
1.02 
2.03 
1 02 

Anasorb Tube 
2C 

!Jg/dscm 

5.09 U 
0.509 U 
0.509 U 

1.27 U 
0.509 U 

1.27 U 
25<1 U 
5.09 U 

0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 

1.27 U 
2.5-4 U 

0.509 U 
2.54 U 

0.509 U 
0.509 U 

2.54 U 
127 U 
1.27 U 

0.509 U 
0.509 U 
0.509 U 

1.53 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 

1.27 U 
5.09 U 

0.509 U 
0.509 U 

1.27 U 
5.09 U 
1.27 U 

0.509 U 
0509 U 
0.509 U 

1.27 U 
0.509 U 
0.529 U 

1.27 U 
1.27 U 
1.27 U 
1.27 U 

0.509 U 
2.S4 U 
1.27 U 

0.509 U 
0.509 U 
0.509 U 

1.02 U 
0.509 U 

TOTAL 
2C 

I-Igldscm 

10.2 U 
8.1011 
102 U 
2.54 U 
1.02 U 
2.5011 U 
5.09 U 
10.2 U 
1.02 U 
102 U 
1.02 U 
102 U 
102 U 
1.02 U 
2.54 U 
509 U 
102 U 
509 U 
1.02 U 
1.02 U 
509 U 
254 U 
254 U 
1.02 U 
1.02 U 
1.02 U 
1.53 
102 U 
1.02 U 
102 U 
102 U 
102 U 
102 U 
102 U 
1.02 U 
1.02 U 
1.02 U 
102 U 
102 U 
254 U 
10.2 U 
102 U 
102 U 
3.15 
10.2 U 
2.54 U 
1.02 U 
1.02 U 
102 U 
2.54 U 
1.02 U 

0.610 
2.54 U 
2.54 U 
2.5. U 
254 U 
102 U 
509 U 
254 U 
102 U 
102 U 
102 U 
203 U 
102 U 

Analyte 

Acetone 
Benzene 
Bromobenzene 
Bromochloromelhene 
Bromodichlorumelhane 
Bromofonn 
Bromomelhane 
2·Bulanone (MEK) 
n.8utylbenzene 
sec-Butyl benzene 
ter1-Butylbeozene 
Carbon Disulfide 
Carboo Telrechloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroelhane 
Chlorofonn 
Chloromethane 
2·Chlorotoluene 
4-Chlorotoluene 
1,2 Dibromo-3-cl1loropropane 
1,2·Dibromoelhane 
Dibromomelhane 
1.2·Dic:hlorobenzene 
1,J-Dichlorobenzene 
1,4-Dichlorobenzene 
Oicillorodinuornmelhane 
1,1·0ichloroelhane 
1.2-Oichloroethane 
C1S-' ,3-Dichloroethene 
trans·l,3-Dichloroethene 
1,1·0ichloroelhene 
1,2·0ichloropropane 
1,3·0ichtoropropane 
2,2·0ichloropropane 
cis-l,3·Dichloropropene 
trans.l,3-0ichloropropene 
1.1-0ichloroprnpene 
Ethylbenzene 
Hexachl0r0butadlene 
2·Hexanone 
Isopropylbenzene 
p-Isopropyltoluene 
Methytene Chloride 
4.Methyl.2.Pentanone (Mi8K) 
Naphalene 
n.Propylbenzene 
Styrene 
1,',1,2·TelraChloroelhane 
1,1,2,2'Tetrachloroethane 
Tetrachloroethene 
Toluene 
1.2,J-Tnchlorobenzene 
1.2,4-Trichlorobenzene 
1,1,'·Trichloroethane 
1,1,2·Trichloroethane 
TnchloroelJ\ene 
Tnchloronuoromethane 
1,2,3-Trichloropropane 
1,2,4·Trlmethylbenzene 
1,3.5-Trimethylbenzene 
Vinyl ChlOlide 
m· & p·Xylenes 
o.Xylene 

Tenll.Jl Tube 
2C 

pg/dscm 

5.09 U 
B.14 

0509 U 
1.27 U 

0509 U 
1.27 U 
2.54 U 
5.09 U 

0.509 U 
0.509 U 
0.509 U 
0.509 U 
0509 U 
0.509 U 

1.27 U 
254 U 

0.509 	U 
2.5-4 U 

0.509 U 
0.509 U 

"'U 
1.27 U 
127 U 

0.509 U 
0.509 U 
0.509 U 

1.27 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0509 U 
0.509 U 
0.509 U 
0.509 U 
0.509 U 
0509 U 
0.509 U 
0509 U 

1.27 U 
5.09 U 

0509 U 
0.509 U 

3.15 
5.09 U 
1.27 U 

0.509 U 
0.509 U 
0.509 U 

1.27 U 
0.509 U 
0.610 

1.27 U 
1.27 U 
127 U 
127 U 

0509 	U 
2.5011 U 
1.27 U 

0.509 U 
0.509 U 
0.509 U 

1.02 U 
0.509 U 

U = Not detected at spl!lcified rl!lportmg lImIts; If the result IS rl!lported by the laboratory 85 J (l!Is~mated resulttes! than the reporting hmlt) It IS presented as U 
E =Estimated result, concentra~on exceeds the cahbre~on range 
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EMISSIONS RESUL T5 

VOLATILE ORGA.NIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

File Nam. B752..Q01\PX 13 eTL Moo31 Sample Oal! 7f2OJ'J7 
Chanl' Par&melrLX @ Cill' of Tacoma Landfill 
Localion' Taoomll, Washington 
Run Numbef-, "B Volume Sampled 0019 dsCITI 
Sample LocaIiotI PllrMYlial"l lancmn Gil Combusler Outlel 

Reporting 
Run 1 • Fill~ Blink Umit lIDl 

Tllna:a: Tube Anaeottl Tu~ TOTAL TOTAL TOTAL 
FB FB FB FB FB 

AnllXla I:!!ldacm l!S!dlcm I:!sfdscm l!liI/dscm liS/diem 

Acetone 513 U 5.13 U 103 U 103 103 
Benzene 0513 U 0.513 U 103 U 103 1.03 
Bromobet\zone 0513 U 0513 U 103 U 103 103 
Bromod'llorcmelhana 128 U 128 U 257 U 257 257 
BromodltNoromelhanB 0513 U 0513 U 103 U 103 103 
Bromoform 128 U 128 U 257 U 257 2.57 
Bromomelhantl 257 U 257U 513 U 513 5.13 
2·Bulanone (MEK) 5.13 U 513 U 103 U 103 103 
n-BulylbelUtlllII 0513 U 0513 U 103 U 103 103 
sec.6utyl)enzer.e 0513 U 0.513 U 10J U 103 103 
ter\ ·Bulylbenzene 0513 U 0.513 U 103 U 103 103 
Carbon Olsulflde 0513 U 0513 U 103 U 103 103 
Carbon Tetrechloride 0.513 U 0513 U 103 U 103 103 
ChlDtoberu:ene 0513 U 0513 U 103 U 103 103 
Ch\on)dlbromomathane 1.28 U 128 U 2.57 U 257 257 
Chtoroothllne 257 U 257 U 5.13 U 513 513 
Chloroform 0.513 U 0.513 U 103 U 103 103 
Chlorom.thane 257 U 2.57 U 513 U 513 5.13 

2·Ch/orotOkJone 0513 U 0.513 U 103 U 103 103 

"'-Chb'otOklene 0513 U 0513 U 103 U 103 103 
1,2 Dibtomo-3-d1klropropal'l8 251 U 251 U 513 U 513 513 
1,2·o.bromoalllllne 128 U 128 U 257 U 257 257 
OibromomeU1ane 1.28 U 128 U 257 U 257 2.57 
l,2-0d"1\orobenzenc!l 0.513 U 0513 U 103 U 103 103 
1,3·0lchlorobenzene 0513 U 0.513U 103 U 103 103 
1,<4 -Dichlorobenzene 0513 U 0513 U 103 U 103 103 
OdllorOCflfluoromethane 12B U 128 U 257 U 257 257 
1.1·0iehlorOlllt!ane 0513 U 0513 U 103 U 103 103 
l ,2-DICh1cwoalllallll 0513 U 0.513 U 103 U 103 103 
l;is-l,3-01ChIoroetheoo 0513 U 0513 U 103 U 103 1.03 
tranl-l.3-OJChIo(oethooe 0513 U 0513 U 103 U 103 103 
1.1-Dich1ofOe1hena 0513 U 0513 U 103 U 103 1.03 

1.2-OlCNofopropane 0513U 0513 U 103 U 103 103 
l ,3·01ch1oropropane 0513U 0513 U 103U 103 103 
2.2-Olchlocopropane 0513 U 0.513 U 103 U 103 103 
ClI·I ,3·DId'\IQ(opmperMI 0513 U 0513 U 103 U 103 103 
trans·l,3-0ICl'1aopropene 0513 U 0513 U 103 U 103 103 
l,l-0icl'llorllprop8fle 0.513 U 0513 U 103 U 103 1.03 
Ethylbenzene 0513 U 0513 U 103 U 103 103 
He)(KhlorobvliJd!ar'18 1 2B U 128 U 257 U 257 257 
2·Hexlilnone 513 U 513 U 103 U 103 103 
[sopropylbenz.en. 0513 U 0513 U 103 U 103 103 
pol sopropyltolUBn6 0513 U 0513 U 1 03 U , 03 103 
Melhylene Chloride 128 U 12B U 257 U 257 257 
4-Mell"lyl·2·Pentanone (MIBK) 513 U 513 U 103 U 103 103 
Naphalene 128 U 128 U 251 U 257 257 
n-Propyloeruene 0513 U 0.513 U 103 U 103 103 
Styrene 0513 U 0.513 U 103 U 103 103 
1,1.1 .2-TelnIchloroeLhano 0513 U 0513 U 103U 103 103 
1.1.2.2-Telractlloroelhane 12B U 128 U 257 U 257 257 
TeLrachloroelhene 0513 U 0513 U 103 U 103 103 
Toluene 053<4 U 053<4 U 1 07 U 107 107 
1 ,2,3· Trlchlorcbenzen8 128 U 128 U 257 U 257 257 
l,2,4 ·Trichlorobenzena 128 U 128 U 2 57 U 257 257 
1. 1.1 ·Trichloroethane 128 U 128 U 2 57 U 257 257 
1,1,2-TncnJcroelhane 128 U 128 U 251 U "l ~7 257 

T ncnJoroelherMl 0513 U 0513 U 1.03 U 103 103 
T richJoro\1uQroma1h;lna 2.51 U 257 U 5.13 U 513 513 

1.2.3-Tnchloropropane 1.28 U 128 U 2.S7 U 257 257 

1.2.<4·TnmethytNtnzene 0513 U 0513 U 1.03 U 1 03 1.03 

1,35·TnmelhylbaruB08 0513 U 0513 U 103 U 1 03 103 
VIC\y1 Chlorrdtl 0513 U 0.513 U 103 U 103 1.03 

m· & p.Xylenes 1.03 U 103 U 205 U 205 2.05 

o·Xtlene 0513 U 0513 U 103 U 103 103 

U. No! Oelettlld al.pealiad rtlportmg !iITllII: If !h •• null" IlIportrtd by lhe laboralory" J ( •• ~mal~d r~ILllt I~n lItan thl r'porting hml) II II praunlrtd al U. 
E· e'~m'led llI.ull, c:o~ntr.lJon nC8.d, Ih. whbraboo range. 



EMISSIONS RESULTS 

VOLATILE ORGANIC COMPOUNDS 


AMTEST AIR QUALITYI A DIVISION OF HOEFLER CONSULnNG GROUP 


File Name: 8752-OO1\PX@CTlM0031 
Client; Paramelrix @ City of Tacoma landfill 
LocaUon: Tacoma, Washington 
Run Number: 3A 
Sample Location: Perennial #1 landfill Gas Combusler OuUet 

Sample Dale: 
Sample Time: 
lab Number: 
Volume Sampled: 
Airflow: 

RUN3A 
Anasorb Tube TOTAL 

'A 'A 
IJRfdscm IJ9/dscm 

5.02 U 100 U 
0.502 U 446 
0.502 U 100 U 

1.25 U 251 U 
0,502 U 100 U 

1.25 U 251 U 
2.51 U 502 U 
502 U 10.0 U 

0.502 U 1.00 U 
0502 U 100 U 
0.502 U 1.00 U 
0.502 U 1.00 U 
0.502 U 100 U 
0502U 100 U 

1.25 U 251 U 
251 U 502 U 

0,502 U 100 U 
2.51 U 502 U 

0.502 U 100 U 
0.502 U 	 100 U 

2,51 U 502 U 
1.25 U 251 U 
1.25 U 251 U 

0.502 U 100 U 
0.502 U 1.00 U 
0,502 U 100 U 

1.66 166 
0.502 U 1.00 U 
0,502 U 100 U 
0502 U 1.00 U 
0.502 U 1.00 U 
0.502 U 100 U 
0.502 U 1.00 U 
0.502 U 1.00 U 
0.502 U 100 U 
0502 U 1.00 U 
0.502 U 1.00 U 
0.502 U 1.00 U 
0.502 U 	 1.00 U 

125 U 2.51 U 
502 U 10.0 U 

0.502 U 1.00 U 
0502U 	 1.00 U 
125 U 251 U 
5.02 U 10.0 U 
1.25 U 251 U 

0.502 U 1.00 U 
0.502 U 100 U 
0.502 U 100 U 

1.25 U 251 U 
0,502 U 100 U 
0.522 U 1 15 

1.25 U 2.51 U 
1.25 U 251 U 
125 U 2.51 U 
1.25 U 251 U 

0.502 U 100 U 
4.36 436 
1.25 U 2.51 U 

0.502 U 1.00 U 
0,502 U 100 U 
0,502 U 100 U 

100 U 201 U 
0.502 U 100 U 

7/20107 
1138-1218 

~517 

0.0199 dscm 
10551 dscf/min 

Reporting 

Limit 


TOTAL 


'A 
~R/dscm 

10.0 
1.00 
100 
2.51 
100 
2.51 
502 
10.0 
100 
1 DO 
1 DO 
1 DO 
1.00 
1.00 
2.51 
5.02 
1.00 
5.02 
1.00 
1.00 
5.02 
2.51 
2.51 
1.00 
1.00 
100 
2.51 
1 DO 
1.00 
1.00 
1.00 
1.00 
100 
1 DO 
1.00 
1 DO 
1 DO 
100 
100 
2.51 
10.0 
1.00 
1 DO 
2.51 
10.0 
2.51 
1 DO 
1 DO 
1 00 
251 
1.00 
1.04 
2.51 
251 
251 
2.51 
100 
5.02 
251 
1 DO 
100 
100 
201 
1.00 

MOL 
TOTAL 

'A 
J..IR'dscm 

602 
0.-431 
0.552 
0552 
0,441 
0.652 
0.782 

321 
0.772 
0.963 
0.a93 
0,421 
0.341 
0..431 
0.381 
0.391 
0.461 
0602 
0542 
0.572 

1 61 
0.391 
0.642 
0.592 
0642 
0.742 
0522 
0341 
0,482 
0.502 
0381 
0572 
0451 
0712 
0.341 
0.391 
0391 
0421 
0321 
0411 
1806 
0.582 
0.853 
120 
2.91 

0.662 
0.542 
0.492 
0461 
0672 
0441 
0271 
0562 
0662 
0.512 
0562 
0993 
0.B03 
0.993 
0.632 
0742 
0.321 
0.722 
0.532 

AnaMe 

Acelone 
Benzene 
Bromobenzene 
Bromochloromelhane 
Bromodiclliornmethane 
Bromofonn 
Bromomethane 
2·Bulanone (MEK) 
n·Butylbenzene 
sec.Butylbenzene 
lert-Butylbenzene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlombenzene 
Chlorodlbromomelhane 
Chloroeihane 
Chloroform 
Chloromethene 
2·Chlorololuene 
4·Chlorololuene 
1,2 Dibromo·3-chloropropane 
1,2·0ibromoelhane 
OibromomeLhane 
1,2·DlchlOfobenzene 
1,3-0ichlOfobenzene 
1,4·0ichlorobenzene 
Oichlorodinuornmethane 
1,1-Dichloroelhane 
1,2·0ichloroelhane 
cis-1,3-Dichloroelhene 
trans·1 ,3-0ichloroethene 
1,1·Dlchloroethene 
1,2·Dlchloropropane 
1,3·Dichloropropane 
2,2·Dichloropropane 
Cls·1 ,3-0Ichloropropene 
Irans·1 ,3-Dlchloroprnpene 
1,1·Dichloropropene 
Elhylbenzene 
Hexechlorobutadiene 
2·Hexanone 
Isopropylbenzene 
p·Jsopropyiloluene 
Methylene Chloride 
4·Melhyl·2·Penlanone (MIBK) 
Naphafene 
n·Propylbenzene 
Styrene 
1,1,1,2·Telrachloroethane 
1,1,2.2·TelrachloroeLhene 
Tetrachloroethene 
Toluene 
1,2,3-Trichlorobenzene 
1,2,4· Trichlorobenzene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroelhene 
TrichlorofluO(omelhane 
1,2,3-Trichloropropane 
1,2,4-Trimethylbenzene 
1,3,S. Trimethylbenzene 
Vinyl Chloride 
m· & p-Xylenes 
o-Xylene 

Tenax Tube 

'A 
IJ9fdscm 

5.02 U 
44.6 

0.502 	U 
125 U 

0.502 U 
1.25 U 
2.51 U 
5.02 U 

0.502 U 
0.502 U 
0.502 U 
0.502 U 
0.502 U 
0.502 U 

1.25 U 
2.51 U 

0.502 U 
2.51 U 

0.502 U 
0.502 U 

2.51 U 
1.25 U 
1.25 U 

0.502 U 
0.502 U 
0.502 U 

1.25 U 
0502 U 
0.502 U 
0.502 U 
0.502 U 
0.S02 U 
0502 U 
0502 U 
0.502 U 
0502U 
0.502 U 
0502 U 
0.502 U 
1.25U 
5.02 U 

0.502 U 
0.502 U 

1.25 U 
502 U 
1.25 U 

0.502 U 
0.502 U 
0.502 U 

1.25 U 
0.502 U 

1.15 
125U 
1.25 U 
1.25 U 
1.25 U 

0.502 U 
2.51 U 
1.25 U 

0.502 U 
0.502 U 
0.502 U 

1.00 U 
0.502 U 

U" Not detected al speatied report<ng limit!; If the resull i! reported by lt1e laboralory 8S J (esbmilled result less lhs"! the reporting lmul) )115 presented 8S U 
E =Esbmatad resull, concentrallOn exceeds the callbrallon range 
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EMISSIONS RESULT5 


VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752·001\PX @ellMD031 
Client: Parametrlx@ City of Tacoma landfill 
location : Tecoma, WashinglOn 
Run Number: 3B 
Sample Location: Perennial.' L.and@GasCorntJuslerOUUel 

lenn Tube 
3. 

An81~. 	 I:!!lfdecm 

Acetone 5,25 U 
Benzene 19.4 
Bromobeuene 0.525 U 
BromOdlloromelhane 1.31 U 
Bromodlchloromelhane 0.525 U 
Bromoform 1,31 U 
Btorr'IOmIiIlhane 2.82 U 
2·Butenone (MEK) 5.25 U 
n.Butylbonzene 0.525 U 
sec-Bulylbenzene 0.525 U 
tert.Bulylbenzene 0.525 U 
Carbon Disulfide 0.525 U 
Carbon Tetrachloride 0.525 U 
Chlorobenzene 0.525 U 
Chlorodibromomelhane 1.31 U 
ChlolOethane 2.62 U 
Chlorcrorm 0.525 U 
Chloromethane 2,B2 U 
2-Chlorololuene 0.525 U 
4-ChJoroIoIuena 0.525 U 
1,2 Oibromo-3-d1l0r0propana 2.62 U 
1,2·Dibromoethane I .Jl U 
Dibromomathane 1.31 U 
l,2-Dic.hlorobenzena 0.525 U 
l ,3-c:>k:Norobenzene 0.525 U 
l,4-Dichlorobenzene 0.525 U 
Olc.hlortldlnuoromelhllna 1.31 U 
l,l·Dic.hloroethane 0525 U 
1.2-DIctIIoroelhtlne 0.525 U 
as-l .3-Otdllof"oelhene 0.525 U 
trans·1 ,3-0Id110r0elhene 0.525 U 
l,l-Dic.hloroethane 0.525 U 
l,2-0ic.hloropropane 0.525 U 
l ,3-DlMIoropmpane 0.525 U 
2.2-0idlk)ropropana 0.525 U 
cis-l,3·0Ichloropropena 0.525 U 
trans-l.3·0ichloropropene 0525 U 
1.I-DichIoropropane 0.525 U 
Ethylbanzenll 0.525 U 
HeXBChlorobuladiena 1.31 U 
2-Hexanona 5.25 U 
Isopropyl benzene 0.525 U 
p..lsopropyilolueJlfl 0.525 U 
MethySene Chloride 1.31 U 
"I.Melhyl·2-Pentanone (M1BK) 5.25 U 
NBphalene 1.31 U 
n-Propylbenzene 0.525 U 
Styrene 0.525 U 
1.1.1,2-Te\r'ectltoroetnane 0.525 V 
1,1.2.2-Tetrachloroethane 1.31 U 
Telrachloroethene 0.525 U 
Toluene 0734 
1.2.3-TnchJorobenzene 131 U 
1,2.4-Trichlorobenzene 1.31 U 
l,l,l-TriChloroethane 1.31 U 
1,1,2-Trit.hloroelhane 1.31 U 
Tnr.hloroethene 0525 U 
Tri:hloroltuoromelhane 2.62 U 
1,2.3-Trichloropropane 1.31 U 
1,2.4·Trlmelhylbenzone 0.525 U 
1,3.5-Trimethylbenzene 0.525 U 
Vinyl Chloride 0525 U 
m- & p.X)1enes 1.05 U 
o-Xylene 0.525 U 

Sample Dale: 
Sample Time: 
lab Number: 
VOlume Sampled: 
Airflow: 

RUN3B 
Anasolb Tube TOTAL 

3. 3. 
l!S/dscm l!g/dscm 

5.25 U 10.5 U 
0.525 U 19.4 
0.525 U 1.05 U 

1.31 U 2.62 U 
0.525 U 	 1.05 U 

131 U 2.62 U 
2.62 U 525 U 
5.25 U 10.5 U 

0.525 U 1.05 U 
0.525 U 1.05 U 
0.525 U 1.05 U 
0.525 U 105 U 
0525 U 105 U 
0.525 U 1.05 U 

1.31 U 2.62 U 
2.62 U 525 U 

0.525 U 105 U 
2.68 266 

0.525 U 1.05 U 
0.525 U 1.05 U 

2.62 U 5.25 U 
1.31 U 262 U 
1.31 U 2.62 U 

0.525 U 1.05 U 
0.525 U 1.05 U 
0.525 U 1.05 U 

1.31 '" 0.525 U 1.05 U 
0.525 U 1.05 U 
0.525 U 1.05 U 
0525 U 1.05 U 
0525 U 105 U 
0.525 U 105 U 
0.525 U 1.05 U 
0.525 U 1.05 U 
0.525 U 105 U 
0.525 U 105 U 
0.525 U 1.05 U 
0.525 U 1.05 U 

1.31 U 2.62 U 
5.25 U 105 U 

0525 U 105 U 
0525 U 105 U 

1.31 U 2.62 U 
5.25 U 10.5 U 
1.31 U 262 U 

0.525 U 105 U 
0.525 U 1.05 U 
0.525 U 105 U 

1.31 U 2.62 U 
0.525 U 105 U 
0.546 U 0.134 

1.31 U 2.62 U 
1.31 U 2.62 U 
131 U 262 U 
1.31 U 2.62 U 

0.525 U 1.05 U 
2.62 U 5.25 U 
1.31 U 262 U 

0.525 U 105 U 
0.525 U 1.05 U 
0.525 U 1 05 U 

1.05 U 210 U 
0.525 U 1.05 U 

7120107 
1232-1312 

4518 
00191 dscm 
IOS51 dsdlmln 

Reponing 
Limit MOL 

TOTAL TOTAL 
3. 3B 

l!S/dscm pgld.em 

10 .5 6 ,29 
1.05 0.451 
1.05 0.577 
2.62 0.577 
1.05 0462 
262 0682 
525 0818 
10.5 3.36 
1.05 O.80S 
1.05 1.01 
1.05 0.934 
105 0441 
1.05 0 .357 
105 0"151 
2.62 0399 
525 0.409 
1.05 OA63 
525 0.629 
105 0 .568 
1.05 0598 
525 1.68 
262 OA09 
262 0.671 
1.05 0 .619 
1.05 0.671 
1.05 0.776 
2.62 0.546 
105 0.357 
105 0.504 
1.05 0.525 
1.05 0.399 
1.05 0.598 
105 0.472 
105 0.745 
105 0357 
1.05 OA09 
105 0.409 
1.05 0.441 
105 0.336 
2.62 0,"0 
10.5 1.BS 
105 0.S08 
105 0.892 
262 126 
105 3 .04 
2.62 0.692 
105 0.566 
105 0.51" 
105 0.483 
2.62 0.703 
105 0 ."162 
1 De 0.2S3 
2 62 0.587 
2.62 0692 
2.62 0535 
2.62 0 .567 
1.05 1.04 
525 0.839 
262 1.0< 
105 0.661 
105 0776 
1.05 0336 
2.10 0.755 
1.05 0 .556 

U = Not ~JM:led al specified reportIng l;mi ts; If the re! lA t Is reporteCI by the labonJtocy as J (Istimlled rewt IU! than the reJ)Dl1.ng krrul) IllS p«lS8Mled 8. U 
E =Eslimated J"eSuk, concenlralio" el(cei!lds eta c.a1rbr8\IDn '8f1Qt. 

http:reJ)Dl1.ng
mailto:L.and@GasCorntJuslerOUUel


liD 

EMISSIONS RESULTS 


VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: B752·001\PX @CTLMOO31 
Client" Paramelrix@CityofTacomaLandfili 
location: Tacoma, Washington 
Run Number: 3C 
Sample locaUon: Perennial #1 Landlill Gas Combusler Oullel 

7(20107 
1325-1_05 

4519 
00194 dscm 
10551 dscf/min 

Reporting 

LImit 


TOTAL 

3C 

pgfdscm 

10.3 
1.03 
1.03 
2.58 
1.03 
2.58 
5.16 
10.3 
1.03 
1.03 
103 
103 
103 
103 
25. 
5.16 
1.03 
5.16 
103 
1.03 
5.16 
25. 
25. 
103 
103 
103 
2.58 
103 
103 
103 
1.03 
103 
103 
103 
1.03 
103 
103 
103 
103 
258 
10.3 
103 
103 
2.58 
10.3 
25' 
103 
1.03 
103 
258 
1.03 
107 
2.58 
25. 
25. 
25. 
103 
5.16 
258 
I 03 
1.03 
1.03 
2.06 
1.03 

Sample Dale. 
Sample TIme: 
Lab Number: 
Volume Sampled: 
Airflow. 

RUN3e 
Anasorb Tube TOTAL 

3C 3C 
!Jq/dscm f,Jgldscm 

516 U 10.3 U 
0.516 U 51.1 
0.516 U 1.03 U 

1.29 U 256 U 
0.516 U 103 U 

1.29 U 258 U 
2.56 U 5.16 U 
5.16 U 103 U 

0.516 U 1.03 U 
0.516 U 1.03 U 
0.516 U 1.03 U 
0516 U 1.03 U 
0.516 U 1.03 U 
0.516 	U 1.03 U 

129 U 258 U 
256 U 516 U 

0.516 	U 103 U 
258 U 5.16 U 

0.516 U 1.03 U 
0.516 U 103 U 

2.56 U 516 U 
1.29 U 2.58 U 
1.29 U 2.58 U 

0.516 U 103 U 
0.516 U 103 U 
0.516 U 103 U 

1.29 U 258 U 
0.516 U 1.03 U 
0.516 U 103 U 
0.516 U 103 U 
0.516 U 103 U 
0.516 U 103 U 
0516 U 103 U 
0516 U 1.03 U 
0516 U 103 U 
0.516 U 103 U 
0.516 U 103 U 
0.516 U 103 U 
0.516 U 103 U 

1.29 U 258 U 
5.16 U 10.3 U 

0.516 U 103 U 
0516 U 1.03 U 

1.29 U 258 U 
5.16 U 10.3 U 
1.29 U 256 U 

0.516 U 1.03 U 
0516 U 1.03 U 
0.516 U 103 U 

1.29 U 2.58 U 
0.516 U 1.03 U 
0537 	U 1.14 

129 U 256 U 
1.29 U 258 U 
1.29 U 2,58 U 
1.29 U 256 U 

0516 	U 103 U 
258 U 516 U 
1.29 U 258 U 

0.516 U 103 U 
0516 U 103 U 
0,516 U 103 U 

1.03 U 206 U 
0516 U 1.03 U 

MOL 

TOTAL 


3C 
}Jq/dscm

."

0_44 
0.568 
0.568 
0.454 
0.671 
0.805 
3.30 

0.795 
0.991 
0.918 
0.433 
0.351 
0.44_ 
0.392 
0.402 
0.475 
0.619 
0.557 
0.586 

1.65 
0.402 
0.660 
0.609 
0660 
0.764 
0.537 
0.351 
0.495 
0.516 
0.392 
05" 
0.464 
0.733 
0351 
0.402 
0.402 
0433 
0.330 
0.423 

1.66 
0.599 
0.877 

124 
299 

0681 
0.557 
0.506 
0475 
0691 
0.454 
0.279 
0.578 
0661 
0526 
0578 

1 02 
0826 

1.02 
0650 
0.764 
0.330 
0.743 
0.547 

Analyte 

Acetone 
Benzene 
8romobenzene 
Bromochl0r0meL'lane 
Bromodichloromelhane 
Bromofonn 
8romomethane 
2-Butanone (MEK) 
n.Butylbenzene 
sec-Butylbenzene 
lert·Butylbenzene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobem:ene 
Chlorodibromomelhane 
Chloroelhene 
Chlorofonn 
Chloromethane 
2·Chlorololuene 
4-Chlorololuene 
1,2 Dibrormr3-chloropropane 
1,Z-Dibromoelhane 
Dibromomelhane 
1,2·Dichlorobenzene 
1,J-Dichlorobenzene 
l,4-0ichlorobenzene 
Oichlonxfinuoromelhane 
l,l-Dichloroelhane 
l,2-0ic.hloroelhane 
Cls-l,3-Dichloroelhene 
trans-l,3·0Ichloroelhene 
l,l-0ichlor06lhene 
l,2-0ichloropropane 
1.3-0ichloropropane 
2.2-Dic.hloropropene 
cs.l ,3-Dlchlompropene 
trans·l ,3·0Ichloropropene 
l,l-0ichloropropene 
Elhylbenzene 
Hexachlorobuladiene 
2·Hexanone 
lsopropylbenzene 
p-Isopropyltoluene 
Methylene Chloride 
4·Melhyl·2-Penlanone (Mi8K) 
Naphalene 
n-Propylbenzene 
Styrene 
1,1.1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Telrachlotoethene 
Toluene 
1,2,3-Tnchlorobenzene 
1,2,4-Trichlorobenzene 
1,1,1· Trichloroethane 
1,1,2-Tnchloroethane 
Tnchloroelhene 
TrichloroHuoromelhane 
1,2.3-Tnchloropropane 
1,2.4-Trimelhylbenzene 
1,3.5-Trimethylbenzene 
Vinyl Chloride 
m· & p·Xylenes 
o-Xylene 

Tenu Tube 
3C 

H9/dscm 

516 U 
51.1 

0.516 U 
1.29 U 

0.516 U 
1.29 U 
2.58 U 
516 U 

0.516 U 
0.516 U 
0.516 U 
0.516 U 
0.516 U 
0.516 U 

1.29 U 
2.58 U 

0.516 U 
2.58 U 

0.516 U 
0.516 U 

2.58 U 
1.29 U 
1.29 U 

0.516 U 
0.518 U 
0.516 U 

1.29 U 
0516 U 
0.516 U 
0516 U 
0516 U 
0516 U 
0516 U 
0516 U 
0.516 U 
0.516 U 
0516 U 
0.516 U 
0516 	U 
129 U 
516 U 

0.516 U 
0516 U 

1.29 U 
5.16 U 
129 U 

0.516 U 
0.516 U 
0.516 U 
129 U 

0516 U 
1.14 
1.29 U 
1.29 U 
1.29 U 
1.29 U 

0.516 U 
2.56 U 
1.29 U 

0.516 U 
0516 U 
0.516 	U 
103 U 

0.516 U 

U:: Not detectad al speciFIed reporting limits, If the result IS reported by the (aboralory as J (esbmated resulllllS5 than Ihe reporting limit) IllS prasented as U 
E =Estlmated result, concentrallon exceeds the cahbra~on range 
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EMIS~ONS RESULTS 


VOLATlLE ORGANtc COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION Of HOEFLER CONSUL TlNG GROUP 


File NamE'· 6752-D01\PX@CnMOO31 Sample Dale. 7120107 
Client. Paramellix @ City of Tacome landfill 
locallOfl.. Tacomil. Washngton 
Run Number. "6 VoIt.me Sampled: 0019 dsem 
Sample location. Perennial " lardil Ga. Combuster Oullel 

Reporting 
Run 3 - Flllid Blink LImit MOL 

TIIOIJ: Tube Anasorb Tube TOTAL TOTAL TOTAL 
'B 'B FB FB F6 

Anllk:te l!~dscm ~d.cm l!Si!dscm l!9:!dscm ~dscm 

Acelon& 5.1.011 U 51.011 U 103 U 10.3 10.3 
Benzene 05104 U 0514 U 103 U 103 IOJ 
Bromoberu:sne 051.011 U 0514 U 1.03 U 103 103 
8romoctlIorDme\hane 126 U 128 U 257 U 257 257 
BromodlCt'ilOf'Ofr..lhlll1e 0.51" U 0514 U 1 OJ U IOJ 103 
Bromoform 1.26 U 128 U 257 U 257 257 
Bromomolhane 257 U 2.57 U 514 U 514 514 
2-Bulenone (MEK) 5.14 U 514 U 103 U 103 103 
n-Bulylbenz&ne 0514 U 0.514 U 103 U 103 1.03 
NC-ButylbenZ&ne 0514 U 0 .5104 U 1.03 U 1.03 1.03 
tert ·8ulylbenzene 0514 U 0.514 U 103 U 1.03 1.03 
CUfbon Disutfode 05141 U 051.011 U IOJ U IOJ 1.03 
Carbon Tel!8Ch1otida 0.5141 U 05141 U 103 U 103 103 
Chlorobenzene 0.5141 U 0514 U 103 U 103 103 
Chlorodibromomelhana 12B U 128 U 257 U 257 257 
ChIoroeIhano 257 U 2569 U 5104 U 5.14 514 
ChIofoform 0514 U 0514 U 103 U 103 IOJ 
Chloromethane 2.57 U 257 U 514 U 514 514 
2-ChlorotolU8flO 0.51.011 U 0514 U 103 U 10' 103 
>4-Chlorololuene 0514 U 051.011 U 103 U 103 103 
1.2 Dibromo-3-chloropropano 257 U 257 U 514 U 514 514 
1,2-Obromoolhane 128 U 128 U 257 U 257 257 
Oibromomethane 126 U 128 U 257 U 257 2.57 

1,2-0ict*Jroberueno 0514 U 0514 U 103 U 103 103 
l,3-DidllorobenZena 0514 U 051.011 U 103 U ,OJ 1.03 

1,.oil-Dichlorobenzene 0514 U 051.011 U 103 U 103 103 
Dd110r0dinuoromethana 128 U 1.28 U 257 U 257 257 
1,1-01ChIoroetNne 0.514 U 0514 U 103 U '03 103 
1,2..QlChloroelhane 0.514 U 051>4 U 103 U '03 ,03 
cis-1.3-0ichloroeChene 0.514 U 0514 U 1.01 U 103 '03 
l/"ans-l.3-0d\!0roelheoe 0514 U 05141 U 1.03U 'OJ '03 
1,1 -OIchIoroalheno 0514 U 0.51.011 U 103 U 103 '03 
1,2-0id1lofopropane 0514 U 0.514 U 103 U 103 1.03 

1,3·0id110r0propane 0514 U 0514 U 103 U 103 103 
2,2..Qidllol"opropane 0514 U 0514 U 103 U 103 1.03 
Cj••l .1.0ichloropfopene 0514 U 0514 U 101 U , 03 1.03 

tnms. l ,3-OtcMotopropel'lll 0514 U 051.011 U ,OJU 103 ' .03 
1.1-Dichloropropene 0514 U 0.514 U '03 U 103 103 
Ethylbenzene 0514 U 051.011 U 103 U 103 103 
Hexachlorobutadlllne 128 U 126 U 257 U 257 257 
2-Hexanone 514 U 514 U 10.3 U '03 '03 
Ilopropylbanz.ene 0.514 U 0514 U 103 U '03 IOJ 
p. lsop! opyilOluerl8 0.51>4 U 0514 U 103 U '03 103 
Methylene Chb'IOe 1.28 U 1 28 U 257 U 257 257 
4·Methyl-2-Pentanone (MlBKJ 5.1>4 U 51.011 U 103 U 103 ,03 
Naphalene 1.28 U 126 U 257 U 257 257 
n-PropylbenZen8 0514 U 0514 U 103 U '03 '03 
Slyreno 0514 U 0514 U 103 U 103 103 
1.1.1.2-TBlrat:hlotoelhane 0 .514 U 051>4 U 103 U '03 103 
1.1,2,2-T elrochloroelhano 128 U 128 U 257 U 257 257 
T elr('l :::hloroelhone 0.51.011 U 051.011 U 1.03 U ,OJ 1 03 
Toluene 0.534 U 0534 U 107 U '07 107 
1.2,3· Trichlofobenzena 128 U 126 U 257 U 257 257 
1.2,4-TrichlorobenzerMI 1.28 U '26 U 257 U 257 257 
1.1.1-Tnchloroelhane 128 U 128 U 257 U 257 257 
1.1.2-Tnchloroelhane '28 U 128U 157 U 257 2.51 

Tnc.h!ol'OIIlhene 051.011 U 051.011 U ,OJU 1.03 ' .OJ 
Tnchloronuoramalhane 257 U 2.57 U 5.1>4 U 514 .,. 
l,2,3·Tnchloropropane 128 U 1.28 U 2.57 U 257 257 
1.2.4·Trvnethylbanz.eM 0514 U 0514 U 103 U '03 '03 
1,3.5-Tnmethylbanzene 051>4 U 0514 U 103 U 103 103 
VIl1y\ CNoride 0514 U 0514 U '03 U , 0' 103 
m· & ,,·Xylenes '03 U ,OJU 206 U 206 206 
o-Xylene 05104 U 051.011 U 103 U 103 103 

U. Not delltCllld al lpilClrJlld repOINlg hmi~; tr lhe "111'.1 It IlIpomd by LIM llIborlll)!')' I. J (etblTlllted IlIlutll... than the rlpOl1lng hmit) 1111 pruanted II' U 
E. E.~mI16d ,...1111; concenlrullun lI"end, 11111 cabbnillion rllrlll" . 

http:1.2.4�Trvnethylbanz.eM
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EMISSION RESULTS 

VOlA'TlLE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSUL TlNG GROUP 

Fde Name. 67S2.OQ1\PX ~ eTl MOO31 Sample Dais" 7119107 
Chem Paramelrix@CltyofTacomaLandflll 
locallon" Te::oma, Washington Lab Numbers' .4511 - 4513 
Run N!Jrllber . 1 
Samp:e Loca\lor1 Perennial #1 lan:ffill Gas Combuster OuUet 

RUN1 TOTAL TOTAL 
TOTAL. TOTAL TOTAL TOTAL FIELD Reporting Del.ction 

" ,. 1C RUN 1 BLANK Urnfl Limi. 
Anal~18 ~II 1!9: l!S 1:!9: I:!!I I:!S I:!!I 
Acetone 020 U 020 U 031 031 020 U 0'00 (1360 
Benzene 2400 E 0600 0,170 3170 E 0020 U 0060 (1026 
Bromobenzltne 0020 U 0020 U 0020 U 0060 U 0020 U 0060 (1033 
BromDChlofomalhane 0.050 U 0.050 U OOSO U C 1SO U DOse U O1SO 0033 
BlomodlChlorome\t'.ane 0020 U 0020 U 0020U 0060 U 0.020 U 0 060 0026 
Bromofonn 0.050 U 0050 U OOSO U 0150 U OOSO U o ISO 0039 
Bromomelhane 0.100 U 0100 U 0100 U 0300 U 0100 U 0300 0047 
Hlulanone (MEK) 0200 U 0200 U 0 200 U 0600 U D20D U 0600 0. 192 
n·Bulyben2B1l6 0020 U 0020 U COlO U 0060 U 0020 U 0.060 (1046 
slIc-Bulylbenzene 0020 U 0020 U 0.020 U 0060 U 0.020 U o D6D 0.058 
lert·Bulylbenzene 0.020 U 0020 U 0.020 U 0060 U 0,020 U 0060 0053 
Camon Disulfide 0.020 U 0.020 U 0028 o 02B 0020 U 0060 0.025 
Carbon Tetrachloride 0020 U 0.020 U 0020 U 0060 U 0020 U 0060 0020 
Chiorobonzene 0.020 U 0.020 U 0,020 U 0.060 U 0020 U 0060 0026 
Chiorodbromomethana 0050 U OoSO U 0050 U 0150 U OOSO U O1SO 0023 
Chloroethane 0.100 U 0100 U 0100 U 0300 U 0100 U DJOO 0023 
Chlorolonn 0020 U 0020 U 0020 U 0060 U 0 020 U 0060 002/1 
Chloromethane 0100 U 0058 0100 U oosa 0100 U DJOO ODJ6 
2-Chkllololuene 0020 U 0020 U 0020 U 0060 U 0020 U DD60 0032 
<I·ChIofoloiuene 0.020 U 0020 U 0.020 U 0060 U 0.020 U DD60 o OJ< 
1,2 Oibl'omo-3-dlloropropane 0.100 U 0100 U 0100 U 0300 U 0100 U 0300 0"" 
1.2·0rbromoelhane O.osa U 0.050 U 0.050 U 0150 U OOSO U O1SO 0023 
OiblOmomethane OOso U OoSO U OOSO U 0150 U OOSO U O1SO 0038 
1.2·01ChIorobeozene 0020 U 0020 U 0.020 U 0.060 U 0020 U DD6D 0035 

1.3-0ictllorobenzenll 0020 U 0020 U 0020 U 0060 U 0020 U 0.060 0038 

1. <I·Dld1lorobllO~ane 0020 U 0020 U 0020 U 0060 U 0020 U DD60 0.044 

OichlorodlfkJoromelhane 0.027 0030 0035 0092 O.osa U O1SO 0.031 

l ,l · 01Chloroelhane 0020 U 0020 U 0020 U 0060 U 0020 U DD60 0020 
, ,2' Od'lloroalhane 0.020 U 0020 U 0,020 U 0060 U 0020 U 0.060 0 029 

Cls·l .3·Dich1oroe1hen1l 0.020 U 0.020 U 0.020 U 0060 U 0020 U 0060 0.030 

Irans·l .3·01dl1of06lheJ'lll 0020 V 0020 U 0020 U 0.060 U 0020 U D.D60 0023 

1.1 ·0IChloroelhantl 0,020 U 0.020 U 0.020 U 0060 U 0020 U DD60 0034 

1.2-Dld\loropropane 0020 U 0020 U 0020U 0.060 U 0020 U D.D<O 0027 

l,3·0ichloropropane 0020 U 0020 U 0020 U 0060 U DD20 U DD<O 0043 

2 2-DIChIOfopropane 0020 U 0020 U 0020 U 0060 U 0020 U DD60 0020 

cIs·l.3·01ChIoropropenll 0.020 U 0020 U 0020 U 0060 U 0020 U 0060 0023 

lran,·l ,3·0Ichtoropropenll 0.020 U 0020 U 0020 U 0060 U 0020 U 0060 0023 

1.1·0Jchloropropena 0020 U 0020 U 0.020 U 0060 U 0020 U OOtiD 0025 

Eth)'lbanzene 0.020 U 0020 U 0020 U 0060 U 0020 U 0.060 0.019 

Hej(ad1lorobuladl6ne OOSO U 0050 U 0.050 U 0150 U OOSO U O1SO 0025 

2·Hej(al1OOll 0200 U 0200 U 0200 U 0600 U 0200 U 0600 o fO/l 

IsopropybanzlJflll 0020 U 0020 U 0020 U 0.060 U 0.020 U DD60 0 0 35 

p-lsoptopyltokJene 0020 U 0020 U 0020 U 0060 U 0020 U DD60 005' 

Me\hylllnll Chloride 0050 U 0062 0189 0251 ooso U O1SO 0072 

.:1-Methyl·2·Penlanone (MiBK) 0200 U 0200 U 0200 U 0600 U D20D U 0600 0174 

NaphaJena 0025 OOSO U OOSO U 0025 DOSO U O1SO 0040 

n·Prop)'lbenzene 0.020 U 0020 U 0020 U 0060 U 0020 U 0.060 0032 

Slyrena 0016 0020 U 0.020 U 0016 0020 U 0.000 0029 

l,l.1.2·Tetrachlorootha.,a 0.020 U 0020 U 0.020 U 0060 U 0020 U OOtiD 0028 

1,1,2,2·Tatrachloroelhane ooso U 0050 U OOSO U 0.150 U OOSO U O1SO 0040 

Tetrachloroethene 0020 U 0.020 U 0020 U 0060 U 0020 U 0000 0025 

ToltJflne 0066 0025 0021 U 0091 002f U 006' 0015 

1.2.3·TrichlorobenzllOe OOSO U OOSO U OOSO U 0150 U 0.050 U 0150 0034 

1.2,<I·Tnch\olobenz808 OOSO U DOSO U OOSO U 0150 U OOSO U 0.150 o 04Q 

1.1.1·Tnchloroelhans OOSO U OOSO U OOSO U 0150 U OOSO U 0 :50 0 031 

1.1.2-TrtehIoroelhanll OOso U OOSO U OOSO U 0150 U O.QSO U o .SO 0034 

T,lChloroelhell8 0020 U 0020 U 0020 U 0060 U DD20 U DD6D 0059 

Tnchloro/1uoromalhane 0.100 U 0076 1.600 1676 0100 U 0.300 0 048 

1,2 3· Trichloropropane 0"'. OOSO U OOSO U 0"" OOSO U O1SO 0059 

1.2.<I·TnmelhyloonZllne 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0038 

1 3.5·Trimelhylbenzene 0020 U 0020 U 0020 U 0060 U 0020 U 0050 0044 

Vln)'1 Ch:orlde 0020 U 0020 U 0020 U 0060 U 0020 U OOtiO 0019 

m· & p·X)'lenes 00040 U OO<lOU 00<10 U 0120 U 0040 U 0120 0043 

o·X)'lene 0.020 U 0020 U 0020 U 0060 U 0020 U DD60 0032 

U" No! dlltel;Iad al spaaliad repol'\nll ~ rnl' 



EMISSION RESULTS 
VOLA 11LE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

FIe Name' e7~2.oo1\pX @CTlM0031 Snpte Date. 7f1.0107 
Client Paramltmc@CltyorTacomalancml 
locabo'" Tacoma, Washinglon lab Number! 4514 - 4516 
Run Number 2 
Samplll LocalJon: Pelen:Ual "landfll Gu Combuuat OuIJrtI 

RUN2 TOTAL TOTAL 
TOTAL TOTAL TOTAL TOTAL FIELO Reponing Deleclnm 

2A 2. 2C RUN2 BLANK LImit Um;t 
Anal~te I!II I!II l!EI ~B l!B l!EI l!B 
Acel""" 020 U 020 U 020 U O.SO U 020 U 0.600 "60 . """"" 0020 U 0770 0.160 0930 0020 U 0060 0026 
Bromobet\:l:ene 0020 U 0020 U 0020 U 0.060 U 0020 U 0060 0033 
Bromochloromelhane 0.050 U 0.050 U OOSO U o 1SO U 0050 U 01"" 0033 
Bramodichloromelhane 0020 U 0.020 U 00201..1 0060 U 0020 U 0060 0026 
Bromofonn OOSO U OOSO U OOSO U o ISO U 0.050 U 01"" 0039 
BromomDlhano 0100 U 0100 U 0.100 U 0.300 U 0100 U 0.300 0.047 
2-Butanone (MEK) 0.200 U 0200 U 0200 U 0.600 U 0200 U 0"'" 0192 
n·Bulylbenzene 0020 U 0020 U 0020 U 0.060 U 0020 U 0060 0046 
sec·ButyibanzBll6 0020 U 0.020 U 0020 U 0060 U 0020 U 0060 O.osa 
lart-8ulylbenzene 0020 U 0.020 U 0020 U 0.060 U 0020 U 0060 0053 
Carbon DlSulM e 0020 U 0020 U 0.020 U 0060 U 0020 U 0.060 002. 
Carbon Talrachloode 0.020 U 0020 U 0020 U 0060 U 0020 U 0.060 0.020 
Chlorobanzene 0020 U 0.020 U 0020 U 0060 U 0020 U 0060 0.026 
Chlorodlbromomelhane OOSO U OOSO U O.osa U O.ISO U 0050 U 01"" 0023 
Chloroelhane 0100 U 0.100 U 0100 U 0300 U O.HXI U 0300 0023 
Chlorolann 0.020 U 0020 U 0.020 U 0060 U 0020 U 0.060 0028 
Chioromalhellll 006< 0.100 U 0.100 U 006< 0100 U 0.300 0.036 
2-ChlOlolofuene 0.020 U 0020 U 0020 U 0.060 U 0020 U 0060 0032 
4-Chlorololuene 0020 U 0020 U 0.020 U 0060 U 0020 U 0060 0034 
1,20bromo..J.cnloropropa08 0.100 U 0100 U 0.100 U 0.300 U 0100 U 0.300 000' 
1.2·Dlbrornoe1hane 0050 U 0.050 U 0050 U 0150 U 0"'" U 01"" 0023 
o.bromomotllarnl 0060 U 0.050 U 0050 U 0150 U OOSO U 0.150 0.038 
1,2·DlChlorobanzene 0020 U 0020 U 0.020 U 0.060 U 0020 U 0060 0.035 
1,3-01d'l1orobllnz9l1e 0020 U 0020 U 0.020 U 0.060 U 0020 U 0060 0038 

1A·Dichlorobenzene 0020 U 0.020 U 0020 U 0060 U 0020 U 0060 0044 
Od\lorodil'luoromelhllne 0.062 0035 0030 0127 OOSO U O. ISO 0031 

1,I·DChIoroelha:l8 0020 U 0020 U 0020 U 0060 U 0020 U D .... 0.020 

1.2·0Jd"lloroalhane 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0029 

Cls-1,3·Dichloroelhene 0.020 U 0.020 U 0020 U 0060 U 0020 U 0060 0030 

Irans·1 .3·DicNoroethen41 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0.023 

1,1-Otch1oroethene 0020 U 0.020 U 0020 U 0060 U 0.020 U 0.1,<;0 0034 

1.2·01Chlocopropane 0020 U 0020 U 0020 U 0060 U 0 020 U 0060 0.027 

1,3·0ichloropropane 0020 U 0020 U 0.020 U 0.060 U 0020 U 0.060 0043 

2.2·0JChloropropane 0.020 U 0.020 U 0020 U 0060 U 0020 U 0060 0020 

C/S·1 .3·0idlloropropene DOlO U 0.020 U 0020 U 0060 U 0020 U 0060 0023 

lfans-1 ,3-Dodlloropropene 0.020 U 0.020 U 0.020 U 0060 U 0.020 U 0'" 0023 
1.1.0lGhlotopropene 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0.025 
Elhylbenzene 0020 U 0020 U 0020 U 0.060 U 0020 U 0.060 0019 

HexachlorobulaaJenllll 0050 U 0050 U 0050 U 0150 U 0050 U O1SO 0.025 

2-Hexenone 0.200 U 0200 U 0200 U 0600 U 0200 U 0.600 0105 
lsopropylbenzene 0020U 0.020 U 0020 U 0060 U 0.020 U 0060 0035 

Fl·lsopropylloluene 0020 U 0.020 U 0.020 U 0.060 U 0020 U 0060 0051 

Melhyleno Chlonde , 200 0.050 U 0062 1.262 0050 U 01"" 0072 

4·Methyl·2·Penlanone (MIBK) 0200 U 0200 U 0200 U 0600 U 0200 U 0500 0174 

Naphal~"e 0050 U OOSO U OOSO U 0150 U 0050 U 01"" 0040 
n·Propylbenzene 0020 U 0020 U 0020 U 0060 U 0020 U 0.060 G 032 
Slyrene 0020 U 0020U 0.020 U 0060 U 0020 U D .... 0029 
1,1,1,2·Telrachloroelhane 0020 U 0020 U 0.020 U 0060 U 0020 U 0060 0025 
1.I,2,2·TelrachkJroelhane 0050 U OOSO U OOSO U 0150 U 0050 U O1SO 0040 
TelracNoroelhone 0020 U 0020 U 0020 U 0.060 U 0020 U 0060 0026 

ToluenA 0021 U 0.030 0012 OOSO 0 021 U 006' 0016 

1.2.3· Trichlorobenzene 0.050 U 0"'" U 0050 U 0150 U OOSO U 01"" 0.034 

1,2,4-Tnchlorobenzene oOSO U 0.050 U 0.050 U 0150 U 0.050 U 0.150 0.040 

1,l.1·Trlchloroethane OOSO U O.osa U 0050 U 0150 U OoSO U 0.150 0031 

1.1,2-Tnchlor081hane 0050 U OOSO U 0050 U o 1SO U 0.0.50 U 01"" 0034 
Tnchtotoelhene 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0059 

Trichloralluoromelhana 0.100 U 0100 U 0100 U 0300 U 0100 U 0300 0046 

1,2.3· Trichloroprop811e 0060 U 0.050 U oOSO U 0150 U oOSO U 0.150 0059 

1.2.-'I-Tnmethylbenzena 0.020 U 0020 U 0020 U 0060 U 0020 U 0060 0038 

1.3.5-Trll1\tthylbenzana 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0044 
V.,yi Chloride 0020 U 0020 U 0.020 U 0060 U 0 020 U 0060 Q 019 

m- & p-Xylenes 00010 U 0040 U 0.040 U 0120 U 0040 U 0120 0.043 
o-XyJene 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0032 

U· Nol ae\eeled II $pKIfI..:! r.ponInQ kmols 



1111 
EMISSION RESULTS 

VOLA TlLE ORGANtc COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION Of HOEFLER CONSUL TlNG GROUP 

FileName: 8752-OO1\Px@cnMOO31 SampleD~t 71'1007 
Cliellt PBIlImltlrlK@CltyofTacomalandril 
LocallOl''f Tacoma, Washin1Jton Lab Numbecl' 4517·4519 
Run Number 3 
Sample Locahor.. Perennial'l Landr~1 Gas Combusl"," Outlet 

RUN J TOTAL TOTAL 
TOTAL TOTAL TOTAL TOTAL FIELO Reporting Deleclion 

3A 3. 3C RUN J BLANK Llmll Limil 
Anal~le ~!iiI I:!S ~5I !'ll ~1iI ~g ~g 

Acelone C.20 U 020 U 020 U 060 U 020 U 0600 0360 

Benzana 0890 0370 0.990 2.250 0020 U 0060 0026 

Brornobenzltne 0020 U 0020 U 0020 U 0.060 U 0020 U 0.060 0033 

BromOChloromelhane 0.050 U OOSO U OOSO U 0150 U OOSO U Of5ll 0033 

BrQlTloc:ld"lloromethane 0020 U 0020 U 0.020 U 0060 U 0020 U 0060 0026 

Bromoform OOSO U 0050 U 0.050 U 0150 U OOSO U 0.1SO 0039 

Bromomelhane 0.100 U 0100 U 0100 U 0300 U 0.100 U 0.300 0047 

2-ButanOfll (MEK) 0.200 U 0.200 U 0200 U 0600 U 0200 U 0600 0192 

n-Butylben.Zane 0.020 U 0.020 U 0020 U 0060 U 0.020 U 0.060 0046 

sec-BlAylberu:enlt 0020 U 0020 U 0020 U 0060 U 0.020 U 0060 DOS! 

Im-SUlylben2ene 0020 U 0.020 U 0.020 U o Il60 U 0020 U 0.060 0.053 
CalbonOlSUlf"lCIa 0020 U 0.020 U 0020 U 0060 U 0020 U 0.060 0025 

Carbon Tetfact\londe 0.020 U 0.020 U 0020 U 0060 U 0 020 U 0.060 0020 
Chlorobenzene 0020 U 0.020 U 0020 U 0060 U 0.020 U 0060 0026 

ChlOrodibromomethane 0.050 U 0,050 U 0050 U 0.1SO U OOSO U O.ISO 0023 

ChlOr08lhane 0100 U 0.100 U 0100 U 0.300 U 0100 U 0300 0023 

Chloroform 0020 U 0,020 U 0.020 U 0060 U 0020 U 0.060 0028 

ChJoromalhane 0100 U 0,051 0100 U 0051 0100 U 0300 0035 

2-ChtorOlokJtne 0020 U 0.020 U 0020 U 0.060 U 0020 U 0060 0032 

4·Chlorolotuene 0.020 U 0020 U 0020 U 0060 U 0020 U 0.060 0034 

1.2 Oibtomo-3-chloropropane 0100 U 0100 U 0100 U 0300 U 0.100 U 0300 0096 

1.2-0.bfomoothane 0.050 U OOSO U O.osa U 0.150 U O.osa U 0.150 0.023 
O.bromomethane OOSO U OOSO U OOSO U 0150 U OOSO U Of," 0038 

1,2·0.eI\lorobentene 0020 U 0020 U 0.020 U 0060 U 0020 U 0.060 0.035 

1.3-DlChlorobanZlne 0020 U 0020 U O.02(}U 0060 U 0020 U 0.060 0038 

l,4·Dod'Ilorobenzel"'l8 0.020 U 0.020 U 0020 U 0060 U 0.020 U 0.060 00"4 
O,d1lorodlfkJommethane 0033 0025 OOSO U 0058 OOSO U 0.150 0031 

l ,1·Dchloroethana 0.020 U 0.020 U 0.020 U 0060 U 0020 U 0.060 0020 

1.2-01ChIOroethane 0020 U 0.020 U 0020 U 0060 U 0020 U 0060 0029 

clS·' .3·0ichloroethltnll 0.020 U 0.020 U 0020 U 0.060 U 0020 U 0060 0030 
trans·1 .3·01Ch1oroeIhene 0020 U 0.020 U 0020 U 0060 U 0020 U 0060 0023 

1.1-01ChIOroothena 0.020 U 0020 U 0020 U 0060 U 0020 U 0060 0034 

, .2-0dllOropropane 0020 U 0.020 U 0020 U 0060 U 0020 U 0.060 0027 

1.3-01CtlIofopl'0p.an8 0.020 U 0.020 U 0.020 U 0.060 U 0020 V 0.060 0043 

2.2·01ChIofoptopane 0020U 0020 U 0020 U 0060 U 0020 U 0060 0020 

clS·1.3·0dlloroproplln8 0020 U 0020 U 0020 U 0060 U 0020 U 0.060 0 023 

tfans-l .3·01ChIoropropene 0020 U 0.020 U 0.020 U 0060 U 0020 U 0.060 0023 

1 1·DichlOtoptopene 0020 U 0020 U 0.020 U 0060 U 0.020 U 0.060 0025 

Ethytben:ene 0020 U 0020 U 0.020 U 0060 U 0020 V 0.060 0019 

H9Jfachlofobullchene OOSO U 0.050 U 0050 U o 1SO U OOSO U O.ISO 0025 

2-Hexanone 0200 U 0200 U 0.200 U 0600 U 0.200 U o "'" 0108 

lsopropylbenzena 0020 U 0,020 U 0020 U 0060 U 0020 U 0060 0035 

p-Isopfopyholuena 0020 U 0020 U 0.020 U 0060 U 0020 U 0060 0051 

Methylene ChIOnda 0050 U OOSO U 0.050 U 0150 U 00" U 01,. 0 072 

4·Melhyl.2·Penlanone (MIBK) 0.200 U 0200 U 0200 U 0600 U 0200 U 0600 0 174 

Naphalono OOSO U 0.050 U 0.050 U 0150 U 0050 U 0.150 0 040 

n-P,opylbenzene 0020 U 0020 U 0020 U 0060 U 0020 U 0.060 0032 

SI)'Tenl 0020 U 0.020 U 0.020 U 0060 U 0020 U 0.050 0029 

1,1,' ,2. Telrachloroethane 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0028 

',1.2.2-Tetrachloroethane OOSO U OOso U OOSO U 0150 U OOSO U Of5ll 0040 

Totrachloroelhone 0020 U 0020 U 0020 U 0060 U 0020 U 0.060 0026 

Toluene 0023 0014 0022 0.059 0021 U 0052 0015 

1.2.3·TrlChlarobenzene OOSO U OOSO U 0050 U 0150 U OOSO U 0.150 0034 

, .2.4 -TrlChlOrobe/lzen8 0.050 U 0.050 U 0050 U 0150 U OOSO U O. ISO 0040 

1.1.' ·TrlChlOroltt'LaM 0.050 U 0050 U 0050 U 0150 U O.OSO U 0.150 0031 

1. 1 ,2·TrlChloroethane OOSO U 0050 U 0050 U 0150 U OOso U OfSO 0034 

TflcI1lotocthena 0.020 U 0.020 U 0020 U 0060 U OC20 U 0.060 0059 

T rJCt1torol\Joromalhane 0.087 0100 U 0100 U 0.DB7 0100 U 0300 0048 

1.2.3-TrcHoropropane OOSO U 0.050 U 0050 U 0150 U O.OSO U Of5ll 0059 

1.2.4· Tr,fTul lhyt)enzene 0020 U 0.020 U 0020 U 0060 U 0020 U 0.060 0038 

1.3.5· Tnmeltrybenzene 0020 U 0020 U 0020 U 0060 U 00'10 U 0060 0044 

Vinyl Chloncle 0020 U 0020 U 0020 U 0060 U 0020 U 0060 0019 

m- & p.Xylenel 0"'" U 0040U 0040 U 0120 U 0040 U 0 . 120 0043 

a·Xylene 0020 U 0020 U 0.020 U 0060 U 0020 U 0050 003'1 

U • liel "'l'~ ,I 'p"cir .. d repon.r.g IImItl 
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EMISSIONS RESUl T5 
VOLATlLE ORGANIC COMPOUNDS 

AMTEST AIR QUALlTY,A DIVISION OF HOEFLER CONSULTING GROUP 

File Namlll" 6752-OO1IPX 0 eTl 1.10031 Sample Dale: 7f19m7 
Client: Paramelrix 0 City 01 Tacoma Landfill Sampte Time: 1510 · 1610 
Location: Tacoma, Wu hinglon Lab Number: <4511 
Run Number: lA 
Sample Location: Pernnni.1 #1 Landfill Gas Combusler Outlet 

Reporting 
RUN1. Limit MDL 

leon Tube AnuorbTube TOTAL TOTAL TOTAL 

I' lA lA IA IA 
Anal~t. l!1iI l:!!J l:!S I!Jl I!.fl. 
Aeelona 0 .100 U 0.100 U 0.200 U 0.200 0.120 
Ben:r:ene 2.40 E 0.010 U 2.40 E 0020 0.009 
Bf1)moberu:ene 0.010 U 0010 U 0020 U 0.020 0.011 
Bromochlorornelhane 0.025 U 0.025 U OOSO U 0.050 0.011 
BromodlchloromeUlane 0.010 U 0.010 U 0.020 U 0.020 0.009 
Bromofonn 0.025 U 0,025 U 0.050 U 0.050 0.013 
Bromomelhane 0.050 U 0.050 U 0.100 U 0.100 0.016 
2·&llInooe (MEl<) 0.100 U 0.100 U 0.200 U 0.200 0.064 
n·8utylben:r:ene 0 .010 U 0.010 U 0020 U 0.020 0.015 
sec-Butylbem:ene 0.010 U 0.010 U 0020 U 0.020 0.0151 
ler1.Butylbenzene 0.010 U 0,010 U 0020 U 0.020 0.018 
Carbon Disulfide 0.010 U 0.010 U 0020 U 0.020 0.008 
Carbon TelrEtd\lorlae 0.010 U 0.010 U 0.020 U 0020 0.007 
CNorobenl.ene 0.010 U 0.010 U 0.020 U 0.020 0.009 

Chlorodlbromomelhene 0.02S U 0.025 U 0.050 U O.osa 0.008 

Chloroethene 00.50 U 0.050 U 0.100 U 0.100 0.008 

Chloroform 0.010 U 0010 U 0.020 U 0020 0.009 

Chloromethane 0.050 U 0.050 U 0.100 U 0100 0.012 

2·Chloroloiuene 0.010 U 0.010 U 0020 U 0.020 0.011 

04 ·Chlorntotuene 0.010 U 0.010 U 0.020 U 0.020 0.011 

1,2 Oibromo-3-ch!oropropene 0.050 U 0.050 U 0.100 U 0.100 0.032 

1,2·0ibromoe!hana 0.025 U 0.025 U O.osa U 0.050 0.008 

Dibromomethano 0.025 U 0.025 U OOSO U 0.050 0.013 

l,2·DIchIorobenzene 0.010 U 0.010 U 0020 U 0.P20 0.012 
1.l-01t:hIQfObenz.eno 0.010 U 0.010 U 0020 U 0.020 0.013 

1,.04-Ofch!orobenzone 0.010 U 0.010 U 0.020 U 0.020 0.015 

Oichlorodinuoromethane 0.025 U 0027 0.027 0.050 0.010 

1,1-Dlchloroethlln$ 0.010 U 0.010 U 0.020 U 0.020 0.007 

1,2·Didlloroelhllne 0.010 U 0.010 U 0020 U 0.020 0.010 

cis· ' ,3·Dic:hloroelhene 0.010 U 0.010 U 0.020 U 0.020 0.010 

118f1s·1,3-Dk;hlomelheno 0.010 U 0.010 U 0.020 U 0.020 0.008 

1,1-0ich1otoeIhene 0.010 U 0 .010 U 0.020 U 0.020 0011 

1,2.·Didlloroproplll1e 0.010 U 0.010 U 0.020 U 0.020 0.009 

1,3·Dlchloropropane 0.010 U 0.010 U 0.020 U 0020 0.014 

2,2·Dichloropropane 0.010 U 0.010 U 0.020 U 0.020 0.007 

cis·1 ,3·DIdlIoroprtlpeno 0.010 U 0.010 U 0.020 U 0.020 0.008 

IIans-1.3-0Ichloroptopeno 0.010 U 0.010 U 0.020 U 0.020 0._ 

1.1·0ichlornpmpene 0.010 U 0.010 U 0.020 U 0.020 0.008 

Ethylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.006 

Hexllchlorobuladlene 0025 U 0.025 U 0.050 U 0050 0.008 

2·Hexanone 0.100 U 0.100 U 0.200 U 0.200 0.036 

IsopropyUlenzene 0.010 U 0.010 U 0020 U 0.020 0.012 
p.lsopropyIloIuene 0.010 U 0.010 U 0.020 U 0020 0.017 

Methytene Chloride 0.025 U 0.025 U 0.050 U 0.050 0024 

04.Melhyl·2-Pentanone (MiBK) 0.100 U 0.100 U 0200 U 0.200 0.058 

Naphalene 0.025 0.025 U 0025 0050 0013 

n.Propytbenzene 0.010 U 0.010 U 0020 U 0020 0011 

Styrene 0.016 0.010 U 0.016 0020 0.010 

1,1.1,2-Tetnll:hIOltlelhane 0.010 U 0.010 U 0020 U oozo 0.009 

1,1,2.2-Tetrac..,loroethane 0.025 U 0.025 U O.osa U 0.050 0.013 

Tetrachloroethene 0.010 U 0.010 U 0020 U 0.020 0.009 

Toluene 0.066 0010 U 0066 0.021 O.OOS 

1,2.3-Trichlorobenzene 0.025 U 0025 U OOSO U OOso 0011 

1.2.04_ Tlicttlombentene 0.025 U 0025 U O.OSO U 0.050 0.013 

1,1 .'-Trichloroethane 0.025 U 0.025 U OOSO U 0.050 0.010 

1,1.2·Trichloroethane 0.025 U 0.025 U OOSO U 0.050 0.011 

Trlchloroethene 0.010 U 0.010 U 0020 U 0.020 0020 

Trichloronuoromelhane 0.050 U O.osa U 0.100 U 0.100 0.016 

1,2.3-Trk:hloropropane 0.046 0025 U 0.046 0.050 0.020 

1.2,04-Tnmelhylbentene 0010 U 0.010 U 0020 U 0020 0.013 

1,3.5-Trtmelhytbenzens 0.010 U 0.010 U 0.020 U 0(120 0.0'5 

Vinyt Chlorlde 0.010 U 0.010 U 0020 U 0020 0()()6 

m- " p.Xylenes 0020 U 0.020 U 0040 U o (}40 0.014 

o.Xylene 0.010 U 0010 U 0.020 U 0020 0.011 

U = Nol detected at s;lea lied reporting llmls; If \he rew\ is reported by the labofetcwy lIS J (estlmll ted result lOIS Ulan the feport:ng bmll) IllS pre"nl~ as U. 
e = ESlm8lBd resuil , CDncenlrallon exceeds !he ca~brabon r51gB. 
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EMISSIONS RESULTS 
VOLAnLE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY. A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001\PX @ell M0031 Sample Date: 7119107 
Client: Parametrix@CityoiTecomaLandr. Sample TIme: 1620·1700 
localloo: Tacoma, Washington lab Number. 4512 
Run Number. ,B 
Sample location: Perennial #1 Landfill Gas CombuJ\er QuUe\ 

Reporting 
RUN1B Limit MOL 

Ten .. Tube Anasorb Tube TOTAL TOTAL TOTAL 
'B 'B 'B 'B 'B 

Analk:!. !!II l!9 l!5I i!!il l!!Z 
Acetone 0.100 U 0100 U 0200 U 0200 0.120 
Benzene 0.600 0.010 U 0.600 0020 0.009 
Bromoben:tene 0.010 U 0.010 U 0.020 U 0.020 0.011 
Bromochlorcmelhane 0.025 U 0.025 U 0.050 U 0.050 0.011 
BromodichloromeLhane 0010 U 0.010 U 0.020 U 0020 0.000 
Bromofoon 0.025 U 0.025 U 0.050 U 0050 0013 
I)romome!han8 0.050 U 0.050 U 0.100 U 0.100 0.016 
2-BulallOO8 (MEK) 0.100 U 0.100 U 0200 U 0.200 0.064 
n-Butytbenzene 0.010 U 0.010 U 0.020 U 0020 0.015 

sec·Bulytberlzene 0.010 U 0.010 U 0.020 U 0.020 0.019 
1ef1·9utylbenzene 0.010 U 0.010 U 0020 U 0.020 0018 
CIfbon Oisullide 0.010 U 0.010 U OOZO U 0.020 0.008 
Carbon Telnlchlonde 0.010 U 0.010 U 0020 U 0020 0.007 
CttIorober\tene 0.010 U 0010 U 0 .020 U 0020 0.009 
ChlonJdibtomomeUlane 0.025 U 0025 U 0.050 U OOSO 0.008 
ChlOfOclhane 0 .050 U OOso U 0100 U 0100 0.008 

Chlorofonn 0 .010 U 0.010 U 0.020 U 0020 0.000 

ChloromeLhane 0.050 U 0.058 0.058 0100 0.012 

2·Chlorololuene 0.010 U 0.010 U 0020 U 0020 0.011 
4·Chlorololuene 0.010 U 0.010 U 0.020 U 0020 0.011 
1 ,2 Dibrom~3-chloropropane O.osa U 0.050 U 0100 U 0.100 0.032 
1,2·Dibromoelhane 0.025 U 0.025 U 0.050 U O.O~O 0.008 
Oibromomelhane 0.025 U 0.025 U 0.050 U 0.050 0013 

1,2·0ichlorobenzene 0.010 U 0,010 U 0020 U 0020 0.012 

1,3-0jdllorobenzena 0.010 U 0.010 U 0.020 U 0020 0013 

1.<I·Dlchlorobenzene 0.010 U 0.010 U 0.020 U 0.020 0.015 

Dichlorodinuoromelhllne 0.025 U 0.030 0.030 O.osa 0.010 

1, '·Dlchloroelhane DOlO U 0.010 U 0.020 U 0020 0.007 

1.2·Dld11oroelhane 0.010 U 0.010 U 0.020 U 0020 0.010 

Cls·,.3·Djchloroelhene 0.010 U 0.010 U 0.020 U 0.020 0.010 

lr.Jns· 1 ,3·Dlcllloroelhane 0.010 U 0.010 U 0.020 U 0020 0.008 

1.1·Oidll0r0elhene 0.010 U 0.010 U 0.020 U 0020 0.011 

1.2·D!dIlof'opropiula 0.010 U 0.010 U 0020 U 0020 0.000 

1.3-DfddofOpropane 0.010 U 0.010 U 0 .020 U 0020 0.014 

2.2.0k:hkx'0propana 0.010 U 0.010 U 0020 U 0020 0.007 

cis-l .3·0IchIoropropene 0 .010 U DOlO U 0020 U 0020 0.008 

\ntru·I .3-0Id\loropropene 0.010 U 0.01 0 U 0 .020 U 0020 0.008 

1.1·Dlchloropropena 0.010 U 0.010 U 0020 U 0020 0.008 

Elhylbenzene 0.010 U 0.010 U 0.020 U 0020 0._ 

Hexachlorobuladiene 0.025 U 0.025 U 0.050 U 0050 0.008 

2·Hexenone 0100 U 0.1 00 U 0.200 U 0.200 0.036 

Isoprcpylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.012 

p.lsopropyitoluene 0.010 U 0.010 U 0.020 U 0.020 0.017 

Methylene Chloride 0.062 0.025 U 0.062 0.050 0.024 

4.Melhyl.2.Pentanone (MIBK) 0.100 U 0.100 U 0200 U 0.200 0058 

Naphelene 0.025 U 0.025 U 0.050 U 0.050 0013 

n·Propylbenzene 0.010 U 0.010 U 0020 U 0.020 0.011 

Styrene 0.010 U 0.010 U 0020 U 0.020 0.010 

1.1.1.2·Telrachloroelhane 0.010 U 0.010 U 0020 U 0.020 0009 

1.1.2.2·Tetrachloroelhene 0.025 U 0025 U OOSO U 0050 0013 

Tetmchloroelhene 0.010 U 0010 U 0.020 U 0020 000. 

Toluene 0.025 0.010 U 0025 0021 000' 

1,2.3· Tricllloroberlzene 0.025 U 0.025 U 0050 U 0050 0011 

, .2,4·TlictJlorobenzena 0.025 U 0.025 U 0.050 U ooso 0013 

1.1.1·TrichIoroelllana 0.025 U 0025 U O.osa U 0050 0010 

1.1.2·TridlJofoelhana 0.025 U 0025 U 0050 U ooso 0011 

Trlchloroethene 0010 U 0.010 U 0.020 U 0.020 0.020 

Trid11oronuoromelllane OOSO U 0076 0.076 o.rOO 0.016 

1.2.3-TrichiofOpropane 0025 U 0025U 0.050 U 0.050 0.020 

1,2,4. Trimelhylbenzene 0.010 U 0.010 U 0.020 U 0020 0013 

, .3.5-Trimethylbenzene 0.010 U 0.010 U 0020 U 0020 0015 

Vinyl Chlolide 0.010 U 0.010 U 0.020 U 0020 0_ 

m· & p.Xylenes 0.020 U 0.020 U 0.Q.40 U 0.040 0.014 

~Xylene 0,010 U 0010 U 0.020 U 0020 0.011 

U : Not detected at :!IpeCified reporting IilTllts; If Illi resultls ntportecl by \he leboretOf)' as J (estimated resulllel5 than \he repotting hlnoljlll$ presented as U 
E. EsUmalecl rlll5utt; concentration exceeds the CII!iDra~on range 



III 
EMISSIONS RESULTS 

VOLA TILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-OO1\PX@ ell Moo31 Sample Dale: 7/19107 
CUt!:nt; Parsmelrtx «II City of TBCOma Landr .. Sample TiTM; 1719 -1759 
Location: Tacoma, Washlnglon Lab Number: <1513 
Run Number: 1C 
Sampte Localioo: PerelVli_', LandliU Gas Combusl~ Qudet 

Reponing 
RUN1C Limit MOL 

Tenax Tube Anuorb Tube TOTAL TOTAL TOTAL 
1C 1C 1C 1C 1C 

An.~8 ~B ~B i:!SI I'1l l!!l 
Acetone 0.310 0.100 U 0 .310 0.200 0.120 
Benzene 0.170 0.010 U 0.170 0.020 D.OO< 
Bromobentene 0.010 U 0.010 U 0020 U 0.020 0011 
Bromod\Io(omelhilne 0.025 U 0.025 U 0.050 U o,osa 0.011 
Bromodlchloromethanll: 0.010 U 0.010 U 0.020 U 0020 D.D09 
Bromofotm 0 .025 U 0.025 U 0.050 U 0.050 0.013 
Bromomethlne 0.050 U 0.050 U 0 .100 U 0.100 0016 
2-Butanone (MEt<) 0.100 U O.HlO U 0 .200 U 0.200 0.064 
n·8ulylbenzenll 0.010 U 0.010 U 0.020 U 0.020 0.015 
sec-Butylbem:ene 0.010 U 0010 U 0.020 U 0.020 0.019 
!ert·Butylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.018 
Carbon Disulfide 0,028 0.010 U 0.02B 0.020 D.C>D8 
Carbon Tetrachloride 0.010 U 0.010 U 0.020 U 0.020 0.(XJ7 
Chlorooenzene 0.010 U 0.010 U 0.020 U 0020 0.000 

Chlorodlbrornomelhana 0.025 U 0025 U OOSO U 0.050 0.008 
Ch1ol"Oelhane 0.050 U 0.050 U 0.100 U 0.100 D.C>D8 
Chlorokwm 0 .010 U 0.010 U 0.020 U D.D2D D."" 
ChloromeltlalMl 0 .050 U 0.050 U 0.100 U 0. 100 0.012 
2-ChlorolollJeM 0 .010 U 0.010 U 0020 U 0020 0.011 
--4-Chlornloluene 0.010 U 0.010 U 0020 U 0.020 0.011 
1,2 DrbrotnO-3-ddornpropane 0.050 U 0.050 U 0100 U 0.100 0.032 
1,2-DlbtomoeLhane 0.025 U 0.025 U 0.050 U 0.050 0.008 
DibromomeLhane 0.025 U 0.025 U OOSO U DDSO 0.013 
1.2-DIchiOttlbenz8118 0.010 U 0.010 U 0020 U 0.020 0012 
1,3·Dichlorobenzene 0.010 U 0.010 U 0.020 U 0.020 0013 
1,4-DichlDrDbeozena 0.010 U 0.010 U 0020 U 0.020 0015 
Dlr::tl lorodiluorome{hanl!l 0.035 0.025 U 0.035 D.OSO 0.010 

1 ,1·DichioroeLhane 0.010 U 0.010 U 0.020 U 0.020 0.007 
l ,2-01ch10l0e1.hane 0 .010 U 0.010 U 0020 U 0.020 0010 
cis-1,3·0ictI1OroeIhene 0 .010 U 0.010 U 0020 U 0.020 0010 
trans-1 ,3·Dldlloroelhene 0.010 U 0.010 U 0020 U 0.020 D008 
l,1-0lchloroethene 0.010 U 0.010 U 0020 U 0.020 0011 
1,2.0iehloropropane 0.010 U 0.010 U 0020 U 0.020 D D09 
1,3-Dichloropropane 0.010 U 0.010 U 0020 U 0.020 0.014 
2,2-DlchlotOpropane 0.010 U 0.010 U 0.020 U 0.020 DOO' 
cis.1,3·0 .. :.hloropropene 0.010 U 0.010 U 0.020 U 0.020 0.008 
trans·1 ,3.Oidll0r0propene 0.010 U 0.010 U 0.020 U 0.020 0.008 

l,1 · 0ichlOlOpropene 0.010 U 0.010 U 0020 U 0.020 0.008 

Elhylbenuna 0.010 U 0.010 U 0020 U 0.020 D.DD<! 

Hexschk)n)buladiene 0 .025 U 0.025 U 0.050 U 0.050 0.008 
2·Hexanono 0 .100 U 0.100 U 0.200 U 0.200 0.036 

Isopropylbenzene 0.010 U 0.010 U 0020 U 0.020 0.012 
p.l!lopropyiloluene 0.010 U 0.010 U 0020 U 0020 0.017 

Methylene Chloride 0.189 0.025 U o 189 0050 0.024 
".Melhyl.2.Penlanone (MiBK) 0.100 U 0100 U 0200 U 0200 0.058 
Naphalene 0.025 U 0.025 U 0.050 U O.osa 0.013 

n·Pmpylbenzene 0010 U 0.010 U 0.020 U 0.020 0011 

Styrene 0010 U 0.010 U 0.020 U 0.020 0.010 

1,1,1,2-Tetrachloroethane U.010 U 0.010 U 0.020 U 0.020 Dem 

1,1,2,2· Telnlchlofoethano 0.025 U 0.025 U O.osa U 0.050 0.013 

T efrBchloroaihell8 0.010 U 0.010 U 0020 U 0020 0.009 

Toluen. 0.010 U 0010 U 0021 U 0021 0.005 

1,2,3-Trichlon:!benzene 0.025 U 0.025 U 0.050 U O.osa 0.011 

1,2,,,·Trichlorobenzene 0.025 U 0025 U oosa U DDSO 0.013 

1,1,1-Trichloroethane 0.025 U 0025 U O.osa U 0.050 0010 

1,1,2-Trichloroethene 0.025 U 0.025 U O.osa U 0.050 0011 
Trichloroethane 0.010 U 0,010 U 0020 U 0.020 0020 

TrichlofoRuoromethane 1.600 O.osa U 1.600 0.100 0.016 

1,2,3-TriC".hl0ropropane 0.025 U 0.025 U O.osa U 0.050 0.020 

1,2,'" TrimeLhylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.013 

1,3,5-Trimalhylbenzene 0.010 U 0.010 U 0020 U 0.020 0015 

Vinyl Chlonde 0.010 U 0.010 U 0.020 U 0.020 Drm 

m· & p·Xyienes O.oro U 0.020 U 0040U 0.040 0.014 

o-Xylene 0010 U 0.010 U 0020 U 0.020 0.011 

U = Not dtlleaed al lpeened reportIng Imls: If Ihe ... sull is reported by the IaborIItory as J (estmalad rasuH less than the r~ng hlTlll) II is prasant&d as U 
E::::I Estlmaled result, r:.oncenlrallon exoeadsthe ca~bnlUon range. 
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EMISSIONS RESULTS 

VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752·001\PX ® eTL MOO31 Sample Date' 7/19107 
Client: Paramelrix GI City of Tacoma Landfill 
location : Tacoma, Washington 
Run Number: 1FB 
Sample location: PereMial,1 landlUl Gas Combuster Cullet 

Reportfng 
Run 1 • Field Blank Limit MDC 

Tllnlx Tube An .. orb Tub. TOTAL TOTAL TOTAL 
FB Fe Fa Fa Fa 

An.I~la 1:!9 l!IJ l!!ii I!!l I!!l 
Acetone 0.100 U 0.100 U 0200 U 0.200 0.200 

Benzene 0010 U 0,010 U 0.020 U 0.020 0.020 
Bromobenzene 0.010 U 0.010 U 0020 U 0020 0.020 
Bromodlloromelhllt'lo 0.025 U 0.025 U 0.050 U 0.050 0.050 
Bromodiehloromelhane 0.010 U 0.010 U 0020 U 0.020 0,020 

Blomofonn 0.025 U 0.025 U O.osa U 0.050 OOSO 
Brornomethanlt 0.050 U 0.050 U 0100 U 0100 0.100 
2·Builk'lone (MEK) 0.100 U 0,100 U 0200 U 0200 0.200 

n·Butytbenzone 0.0,0 U 0.010 U 0.020 U 0.020 0.020 
sec.Butylbenzena 0.010 U 0.010 U 0.020 U 0.020 0.020 
tert-Butylbenzena 0.010 U 0.010 U 0.020 U 0.020 0.020 
Carbon Olsulrida 0.010 U 0010 U 0.020 U 0.020 0.020 
Carbon Telnlchloride 0010 U 0 .010 U 0.020 U 0.020 0.020 
Chloroben%ena 0.010 U 0.010 U 0.020 U 0.020 0.020 
Chl0r0dibrornomelhllne 0.025 U 0.025 U O.osa U 0.050 0.050 

Chloroelhane 0.050 U 0.050 U 0.100 U 0. 100 0.100 
ChlO((){orm 0.010 U 0.010 U 0.020 U 0020 0.020 
Chloromethane O.OSO U 0.050 U 0.100 U 0. 100 0.100 
2-Chiofololuonll 0.010 U 0.010 U 0020 U 0.r120 0020 
04·ChIorotoluene 0.010 U 0.010 U 0020 U 0.020 0.020 
1,2 Dibromo-3·d1loroprupane 0.050 U 0.050 U 0.100 U 0.100 0.100 

1,2·DibromoeLhane 0.025 U 0.025 U 0050 U 0.050 0.050 

Dibromomelhane 0.025 U 0.025 U 0050 U 0050 0.050 
l,2-Dlchlorobenzane 0.010 U 0.010 U 0020 U 0.020 0.020 
1,J-Dlchlorobenzene 0.010 U 0.Q10 U 0.020 U 0.020 0.020 

1,4-0ichlorobenzena 0.010 U 0.Q10 U 0.020 U 0.020 0.020 

DichIoroclilkJoromelhana 0.025 U 0 .025 U O.osa U 0.050 0.050 
l,l-DtdIJoroelhana 0.010 U 0 .010 U 0.020 U 0020 0.020 
t ,2-0ichlOfoethane 0.010 U 0 .010 U 0.020 U 0020 0.020 

as· l ,:J.Dichloroellene 0.010 U 0.010 U 0.020 U 0.020 0,020 

lrans-l.3·Qlchloroelhene 0.010 U 0.010 U 0.020 U 0.020 0,020 

1,1-Dit:hloroelhene 0.010 U 0.010 U 0.020 U 0.020 0.020 
1,2-Dichloropropane 0,010 U 0.010 U 0.020 U 0.020 0.020 
1,3-01cbloropropane 0.010 U 0.010 U 0020 U 0.020 0.020 

2,2-0ichl0r0propane 0.010 U 0.010 U 0.020 U 0.020 0.020 
cis-l,3-0Ichloropropane 0.010 U 0.010 U 0.020 U 0.020 0020 

lrans-l .3·0Ichloropropene 0.010 U 0.010 U 0020 U 0.020 0.020 

1,1-Oichloropropene 0010 U 0010 U 0020 U 0020 0.020 

Elhylbenzene 0.010 U 0,010 U 0.020 U 0020 0020 
HexadllOfobullldtane 0025 U 0025 U 0.050 U ooso 0.050 

2-HeKBIKIf\O 0100 U 0 .100 U 0.200 U 0.200 0200 

]sopropyl>enzene 0.010 U 0.010 U 0020 U 0.020 0.020 
p_lsopropytloluene 0.010 U 0.010 U 0020 U 0020 0.020 

Methylene Chloride 0025 U 0025 U OOSO U 0050 0.050 
4_Melhyl·2_Pantanona (MIBK) 0.100 U 0.100 U 0200 U 0.200 0.200 

Naphaleno 0.025 U 0.025 U 0050 U 0.050 0.050 

n-Propylbenzena 0.010 U 0.010 U 0020 U 0020 0.020 

Styrene 0.010 U 0.010 U 0020 U 0020 0020 

l,1.1 .2·Telrschlorcelhana 0.010 U 0.010 U 0020 U 0020 0.020 

1.1 .2,2-Telrnchloroelh:ana 0.025 U 0.025 U 0050 U OOso 0.050 

TelruchlOfoelhene 0.010 U 0010 U 0020 U 0020 0020 

ToIu81lO 0010 U 0.010 U 0021 U 0.021 0.021 

1 ,2.3· Trict\lo(l)benzen6 0.025 U 0.025 U 0.050 U 0.050 0.050 

1.2,4-Trictllorobenzane 0.025 U 0.025 U 0.050 U ooso 0.050 

1,1 . t -TriChloroelhane 0025 U 0025 U 0.050 U 0.050 0.050 

t ,1 .2-Trichlorcelhane 0.025 U 0025 U 0.050 U 0.050 0,050 

Trichloroethene 0.010 U 0.010 U 0020 U 0020 0020 

Trichloronuoromelhana 0.050 U 0050 U 0100 U 0.100 0.100 

1,2,J-Trichloropropane 0.025 U 0.025 U 0.050 U ooso 0.050 

, ,2,4-Trimethylbenzena 0.010 U 0.010 U 0020 U 0020 0.020 

1,3,S. Trimelhylbenzene 0.010 U 0.010 U 0020 U 0.020 0.020 

Vinyl Chloride 0.010 U 0.010 U (1020 U 0020 0.020 

fn. & p-Xylenes 0.020 U 0.020 U 0.Q.40 U 0040 0.040 

o-Xylene 0.010 U 0.010 U 0.020 U 0020 0.020 

U = Not dlttetJ:ed alspeafiad repoftlfl9l:rnds. Illl'la ~wlls reportad by Iho laboralOry as J (esllmaled re5UIllau !han tne reporting ~rmt) II i5 pflJienlad as L' 
E • EI~maled rasulL concentralion exceeds the calibre ~on mnge 
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EMISSIONS RESUL 15 

VOLA TILE ORGANtc COMPOUNDS 
AMTEST AIR QUALITY, A DMSHlN OF HOEFLER CONSUL TlNG GROUP 

File Name: 8752·001IfJX C eTL MDOJ1 SampfeOllte: 7I20I07 
Clien!: P8l'8melrix @I Cily or Tacoma lsn«lrlll Sample Time: 831 · 911 
Localion: T&COma, We,hlnglon lab Number. 0(514 

Run Number. 2A 
Sample location: Perennial" Landrlll Gas Cornbllsler Outld 

Reporting 
RUN2A Limll MOL 

TennTube AnlSorb Tuba TOTAL TOTAL TOTAL 2. 2. 2. 2. 2. 
An.I~1I I:!S l:!iI 1:!9 E!.fl. ~SZ 

Acetone 0.100 U 0.100 U 0.200 U 0.200 0.120 

Benzene 0.010 U 0.010 U 0020 U 0.020 0.009 

Bromobenzene 0.010 U 0.010 U 0.020 U 0.020 0.011 
Brornochloromethane 0.025 U 0,025 U 0.050 U 0.050 0.011 

Bromodlchloromelhooa 0.010 U 0,010 U 0.020 U 0.020 0009 

Brnmol<><m 0.025 U 0025 U 0.050 U 0050 0.013 

Bromomelhane 0.050 U 0.050 U 0.100 U 0.100 0.016 

2-Butanone (MEKJ 0.100 U 0.100 U 0.200 U 0.200 0,064 

n-Butylbenzene 0.010 U 0.010 U 0020 U 0.020 0.015 

sec-ButylbenzMMt 0010 U 0.010 U 0.020 U 0.020 0.019 

teft·8utylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.018 

C8fbon OiNtfide 0010 U 0.010 U 0020 U 0.020 0.008 

C&Ibon TeltactdOl\de 0.010 U 0.010 U 0.020 U 0020 0.007 

ChIomben:r:ena 0.010 U 0.010 U 0020 U 0020 0.009 

Chiomdibromomelhane 0.025 U 0.025 U 0050 U 0050 0.008 

Chloroelh_ 0.050 U 0.050 U 0100 U 0100 0.008 

Chloroform 0.010 U 0.010 U 0020 U 0020 0.009 

Chloromelhane 0.050 U 0.064 006. 0100 0.012 

2·Chlorotoluene 0.010 U 0.010 U 0.020 U 0020 0011 

4·Chlorololuene 0.010 U 0.010 U 0.020 U 0020 0.011 

1,2 Dibrnmo-3-chloropropane 0.050 U 0.050 U 0.100 U 0.100 0032 

l,2-Dibrnmoalhana 0.025 U 0.025 U 0.050 U 0.050 OOOB 

Oibromomelhane 0.025 U 0.025 U 0.050 U 0.050 0.013 

l,2-Dichloroben:r:ene 0.010 U 0.010 U 0.020 U 0020 0.012 

1,J-Dlchlorobenzene 0.010 U 0.010 U 0.020 U 0020 0.013 

1.4·Dic:hlorobenzene 0.010 U 0.010 U 0.020 U 0020 0.015 

Dlchlomdinuornmelhane 0.025 U 0.062 0062 0.050 0.010 

1,1-01chloroalhane 0.010 U 0.010 U 0.020 U 0020 0.007 

1,2-0khloroelhene 0.010 U 0.010 U 0.020 U 0020 0.010 

cis-l,3-Dichlomethene 0.Q10 U 0.010 U 0020 U 0020 0.010 

truns-l,3-Didlloroelhene 0.010 U 0.Q10 U 0.020 U 0020 0.008 

1,1·0ldlloroelhene 0.010 U 0.010 U 0.020 U 0020 0.011 

l,2·0lchloropropane 0.010 U 0.010 U 0020 U 0.020 0.009 

l,3-0ldlloropropane 0.010 U 0010 U 0.020 U 0.020 0.014 

2,2-0ichlofopropena 0.010 U 0.010 U 0.020 U 0.020 0.007 

cls.I,3-Dkhtoroprnpene 0.010 U 0.010 U 0020 U 0.020 0.008 

trans-1 ,3-DkJ'iloropropene 0.010 U 0.010 U 0020 U 0.020 0.008 
1,1.01dlloropmpene 0010 U 0.010 U 0020 U 0.020 0.00/1 

Elhyibanz.ena 0010 U 0.010 U 0020 U 0020 0.00' 
Hexachlorobuladiene 0025 U 0.025 U 0050 U 0.050 0.008 

2-Hexanone 0.100 U 0.100 U 0200 U 0.200 0.035 

Isopropy\ben:r:ene 0.010 U 0.010 U 0.020 U 0020 0.012 

p·laopropy\loluene 0.010 U 0.010 U 0.020 U 0.020 0017 

Methylene Chloride 1.20 0.025 U 1.20 0.050 0.024 

4_Molhyt·2·Penlanone (MiBK) 0.100 U 0.100 U 0.200 U 0200 0.058 

Naphlllllne 0.025 U 0.025 U 0050 U 0050 0.013 

n.Propylben:r:ene 0.010 U 0.010 U 0020 U 0.020 0.011 

Styrene 0.010 U 0.010 U 0.020 U 0.020 0.010 

1,1,1,2-Tetrachloroethane 0.010 U 0.010 U 0.020 U 0.020 0.009 

1,1.2,2· TelradlloroeUlane 0.025 U 0.025 U 0.050 U 0.050 0.013 

TeltBchloroelhene O.OtO U 0.010 U 0.020 U 0020 0.009 

Toluene 0.010 U 0.010 U 0.021 U 0021 0.005 

1,2,3-Tr1chlorobenzene 0.025 U 0025 U 0.050 U OOSO 0.011 

1,2,4-Tr1ct1IOct1benzene 0.025 U 0.025 U 0.050 U 0050 0.013 

1,1,I-Trichloroelhane 0.025 U 0.025 U 0.050 U 0.050 0.010 

1,1,2· TrictdoroeUlane 0.025 U 0.025 U 0050 U 0.050 0.011 

Trichloroelhene 0.010 U 0.010 U 0.020 U 0.020 0.020 

Trichtorol'luoromethane 0050 U 0050 U 0 .100 U 0.100 0.016 

1,2,3-Trichloropmpane 0Q25U 0.025 U 0.050 U 0.050 0.020 

1.2,4-Tnmelhylben:r:en8 0.010 U 0.010 U 0020 U 0020 O.OU 

1 ,3,S-Tnmelhylben:r:en8 0.010 U 0.010 U 0.020 U 0020 0.015 

Vinyl Chloride 0.010 U C010 U 0.020 U 0020 0.00<i 

m· & p·Xylenes 0.020 U 0.020 U 0.040 U 0040 0.014 

o.Xylene 0.010 U 0.010 U 0.020 U 0.020 0011 

U • Not dl!ltllded alspecified repor1.mg limlls, tf the rIIsu!t il rtpOnDCI by lhalaborelory as J (aslrmatec! I1Isull less than \he raportin!il.rTIIl) 1\ il prtIlenied 8S U 
E :; Estlmaled reSUlt, concanlrBllon exceeds the celibretion range. 



120 
EMISSIONS RESUL 15 

VOLA TILE ORGANIC COMPOUNDS 
AMTEST AIR QUAUTY. A DIVISION OF HOEFLER CONSUL liNG GROUP 

File Name; B752-OO1\PX ~ eTl MooJ, Sample Dele: 7f1.0107 
Client: Parametrix ® City of Tacoma Landfill Sample Time" 926·1006 
location: Tacom<l. Washlnglan Lab Number: 04515 
Run Number 28 
Sample Location: Perennial .1 landfill Gas Combusler OUUel 

Repor1lng 
RUN 28 Umlt MOL 

Tenu Tube Anasorb Tube TOTAL TOTAL TOTAL ,. ,. ,. 2. 28 
Anal;lte 1;!9 I:!i 1:!9 l!!Z E!!l 

Acetone a.H)(] U 0100 U 0.200 U 0.200 0.120 
Ber1%ene 0.770 0.010 U 0.770 0.020 0.009 

8romobenzene 0.010 U 0.010 U 0.020 U 0.020 0.011 

BtomochloromethMD 0.025 U 0.025 U 0.050 U 0050 0.011 
Bromodicflloromethane 0.010 U 0.010 U 0020 U 0.020 0.000 

Bromoform 0025 U 0.025 U OOSO U 0.050 0.013 
Brnmomethane 0.050 U 0.050 U 0100 U 0.100 0.016 
2·8ulanone (MEK) 0.100 U 0100 U 0.200 U 0.200 0.064 
n-Butylbenzene 0,010 U 0.010 U 0.020 U 0.020 0.015 

sec.Butylbenzene 0.010 U 0.010 U 0.020 U 0.020 0019 

telt·Butylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.018 

Carbon Disulfide 0.010 U 0.010 U 0 .020 U 0.020 0.008 

Cmbon Tetrachloride 0.010 U 0.010 U 0.020 U 0.020 0.007 

Chlorobenzene 0.010 U 0.010 U 0.020 U 0.020 0.000 

Chlorodlbromo!1'lelhane 0.025 U 002S U 0.050 U 0050 0.008 

Chloroelhane 0.050 U 0.050 U 0.100 U 0.100 0.008 

Chlorororm 0.010 U 0.c10 U 0.020 U 0.020 0009 
Chloromethane 0.050 U 0.050 U 0.100 U 0. 100 0.012 

2-Chkxo6oIuene 0.010 U 0.010 U 0.020 U 0020 0.011 

4·Ch!oroIolueoe 0.010 U 0010 U 0.020 U 0020 0.011 

1,2 DiblOfT"lO..J..chlofopropane 0.050 U 0050 U 0.100 U 0. 100 0.032 

l,2·Dibromoethane 0.025 U 0.025 U 0.050 U 0050 0.008 

Dlbromomelhane 0.025 U 0.025 U 0.050 U 0.050 0.013 

1,2·Dichlorobenzene 0.010 U 0010 U 0.020 U 0.020 0.012 

1,3·Dichlorobenzene 0.010 U 0010 U 0.020 U 0.020 0.013 

1,4-Dichlorobenzene 0.010 U 0010 U 0.020 U 0020 0.015 

Dichlomdlfluoromelhaoo 0.025 U 0.035 0.035 ooso 0.010 

1,I·Dichl0r0eth8ne 0.010 U 0.010 U 0.020 U 0020 0.007 

1,2-Dichloroelhane 0010 U 0.010 U 0020 U 0020 0.010 

cis·l,J..Dichloroelhene 0.010 U 0.010 U 0.020 U 0.020 0010 

lrans·l,J..Dichloroelhene 0.010 U 0.010 U 0020 U 0020 OOOB 

1,l·Dichloroelhene 0.010 U 0.010 U 0.020 U 0020 0.011 

1,2·Dichloropropane 0.010 U 0.010 U 0.020 U 0.020 0.009 

1,3-Dichkltopfopane 0.010 U 0.010 U 0.020 U 0020 0.014 

2,2.Dichb"upfOplille 0.010 U 0010 U 0.020 U 0020 0.007 

cis.l,3.DichiDlOpr0pen6 0010 U 0.010 U 0.020 U 0020 0.008 

trans· 1 ,J..Dichloropropena 0010 U 0.010 U 0.020 U 0.020 OOOB 

1,I-Dlchloropropene 0.010 U 0.010 U 0020 U 0.020 0.008 

Elhylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.006 

Hexachlorobutadiene 0.025 U 0025 U OOSO U O.osa 0.""" 

2·Hexanone 0.100 U 0.100 U 0200 U 0200 0036 

tsoprnpylbenzena 0.010 U 0.010 U 0.020 U 0020 0.012 

p·lsopropylloluene 0.010 U 0 .010 U 0.020 U 0020 0.017 

Methylene Chloride 0.025 U 0.025 U O.osa U O.osa 0024 

4.Methyf.2.Penlanone (MiBK) 0.100 U 0100 U 0.200 U 0200 0.058 

Naphalene 0.025 U 0025 U 0.050 U 0.050 0.013 

n.Propylbenzene 0.010 U DOlO U 0.020 U 0.020 0.011 

Styrene 0.010 U 0.010 U 0020 U 0.020 0.010 

1,1,1,2· Tetrachloroethane 0010 U 0.010 U 0.020 U 0.020 0.009 

1,1.2,2-Telrlldlloroeihaoo 0025U 0.025 U ooso U o O:SO 0.013 

Telradlloroe\hene 0010 U 0.010 U 0.020 U OOZO 0.000 

Toluene 0.038 0.010 U 0.038 0.021 0.005 

1,2,3-Trkhlorobenzene 0.025 U 0.025 U 0.050 U 0.050 0.011 

1,2,4-Tnchlorobonzene 0.025 U 0025 U OoSO U 0050 0.013 

1,1,1· Trichloroethane 0025 U 0025 U OoSO U 0.050 0010 

1,1.2· Trichloroelhane 0025 U 0025 U 0 050 U 0.050 0.011 

Trichloroelhene 0010 U 0.010 U 0 020 U 0020 0.020 

T richlorof'lUOfVmelhane 0050 U 0.050 U 0100 U 0100 0.016 

1,2,3·Trichloropropane 0025 U 0.025 U 0.050 U 0.050 0.020 

1 ,2,4-Tnmelhyfbenzene 0.010 U 0.010 U C020 U 0020 0.013 

1,3,5.Trimelhylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.015 

Vinyl Chloride 0.010 U 0.010 U 0.020 U 0020 0006 

m· & p-Xylenes 0020 U 0.020 U 0040 U 0040 0.014 

o-Xylene 0.010 U DOlO U 0 020 U 0020 0011 

U = Not del9C1ed at specified reponmg limits, If \he result IS reponed by Ihe laborllioty as J (llsumated result len \han thII reporting . rnl) Il lS pl"asanled as U. 
E = ESbmated res\Jlt. coneentrabon 9lO:C8eds!he calitnbon 1"&098. 
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EMISSIONS RESULTS 

VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A OMSION OF HOEFLER CONSULTING GROUP 


File Name: B752-OO1\PX ~ CTL M0031 Sample Dale: 7n0/07 
CUMI: Parametlix 9 City of Tacoma landfiU SlImpM Time: 1028·1108 
Location: Tacama, washington lab Number: 04516 
Run Number. 2C 
Sample Locahon: PereMlal #1 LBndfili Gas Combuster Outlot 

ReponIng 
RUH2e Umj, MDL 

Tin.. Tuba AnuOfb Tube TOTAL TOTAL TOTAL 
2C 2C 2C 2C 2C 

An.!X!8 ~g l!!I l!SI ~il I!J1 
Acetone 0.100 U 0.100 U 0 ,200 U 0200 0. 120 
Bemlne 0100 0.010 U 0.160 0.020 0.009 
Bromobenzene 0.010 U 0.010 U 0020 U DOlO 0.011 
BromochIoromelhene 0.025 U 0.02S U O.osa U OOSO 0.011 
Bromodichloromelhane 0.010 U 0.010 U 0.020 U 0.020 0,009 
Bromororm 0025 U 0,025 U 0.050 U 0.050 0,013 
Brornomelhane 0,050 U O.OSC U 0,100 U 0,100 0.016 
2·8u\enone. (MEK) 0.100 U 0.100 U 0.200 U 0.200 0 ,064 
n-Butylbenzene 0.010 U 0.010 U 0020 U 0020 0.015 
sec-Buly1benzene 0.010 U 0.010 U 0.020 U 0.020 0.019 
lert·Butylbenxene 0.010 U 0.010 U 0.020 U 0020 0.01B 
Cart)on Disulfide 0.010 U 0.010 U 0020 U 0.020 O.OOB 
Car1)on TellachiDlide 0.010 U 0.010 U 0.020 U 0.020 0.007 
Chlorobenzene 0.010 U 0.010 U 0020 U 0.020 0.009 

Cnlorncfibromornelhene 0025 U 0.025 U 0.050 U O. O~ 0.008 

Chloroelhane O.osa U 0.050 U 0.100 U 0.100 0.008 

Chloroform 0.010 U 0.010 U 0.020 U 0.020 0.009 
Chloromethene 0.050 U 0.0.50 U 0.100 U 0100 0012 
2·Chlorololuene 0.010 U 0.010 U 0.020 U 0020 0.011 
4·Chtoroto/uene 0.010 U 0.010 U 0.020 U 0020 0.011 
1,2 OIbromo-3-mioropropane 0.050 U 0.050 U 0.100 U 0. 100 0.032 

1.2·0ibromoelhane 0.025 U 0.025 U 0050 U 0.050 O.OOB 

Dibromomelhane 0.025 U 0.025 U O.OSO U OOSO 0.013 

1,2·Dichlorobenxena 0.010 U 0.010 U 0.020 U 0020 0.012 

1,J...Did\Iorobennne 0.010 U 0.010 U 0.020 U 0.020 0.013 

1.4.Ok:hlorobenxene 0.010 U 0.010 U 0.020 U 0.020 0.015 

Dic:hlonxlin1..lOJO(M:lhane 0.025 U 0.030 0.030 OOSO 0.010 

1,1·0Ichloroelhane 0.010 U O.OtO U 0.020 U 0020 0.007 

1,2·Dichloroelhane 0.010 U 0.010 U 0.020 U 0020 0.010 

ds· '.3-Dichl~ene 0.010 U 0.010 U 0020 U 0.020 0.010 

I1ans·1.3·0icN0roelhene 0.010 U 0.010 U 0.020 U 0020 0.008 

1.1·0Ichloroethen6 0.010 U 0.010 U 0020 U 0020 0.011 

1,2·0ichloropropane 0.010 U 0.010 U 0.020 U 0.020 0.009 

1,J...Dlchloropropane 0.010 U 0.010 U 0020 U 0020 0.014 

2,2-Olchloropropane 0.010 U 0,010 U 0.020 U 0020 0.007 

cs·1 ,3·Didlloropropene 0.010 U 0.010 U 0.020 U 0020 0.008 

1rans-1 ,3-Did'dof~ropene 0.010 U 0.010 U 0.020 U 0020 0.008 

1,1.Ok:hloropropene 0.010 U 0.010 U 0.020 U 0020 0.008 

Elhylbenxene 0.010 U 0.010 U 0.020 U 0.020 0.00<; 

Hexechlorobuladiene 0.025 U 0.025 U O.osa U OOSO O.OOB 

2·Hexanone 0.100 U 0100 U 0200 U 0.200 0.036 

Isopropy1benzene 0.010 U 0.010 U 0020 U 0020 0.012 

p.lsopmpyItoIuene 0.010 U 0.010 U 0020 U 0020 0.017 

Meltly1ene Chloride 0.062 0.025 U 0.062 0.050 0.024 
".Melhy1.2.Penlanone (MIBK) 0.100 U 0.100 U 0.200 U 0.200 0.058 

Naphalene 0.025 U 0.02S U 0.050 U 0.050 0.013 

n.Propylbenzene 0.010 U 0.010 U 0.020 U 0020 0.011 

SlyTsne 0.010 U 0.010 U 0.020 U 0020 O.OfO 

1.1,1,2-Tetrac:hklroelhaoe O.OlD U 0.010 U 0.020 U 0020 0.009 

1.1,2.2-Tetrach\omethane 0.025 U 0.025 U O.osa U O.osa 0.013 

Tettachloroelhene 0.010 U 0.010 U 0020 U 0.020 0.009 

Toluene 0.012 0.010 U 0.012 0.021 0.005 

1,2,3-Tlichlorobenzene 0.025 U 0.025 U O.osa U OOSO 0011 

1.2,"·Trktllorobenzena 0.025 U 0.025 U OoSO U OOSO 0.013 

1.1,1-Trichkwethane 0.025 U 0.025 U o.osa U 0050 0.010 

1.1.2-Trichloroethane 0.025 U 0.025 U O.osa U o.osa 0011 

Trichloroethene 0.010 U 0010 U 0020 U 0.020 0020 

Triehloronuoromelhane 0.050 U 0.050 U 0.100 U 0. 100 0.016 

1.2,3· Trichloropropane 0025 U 0.025 U 0.050 U 0.050 0.020 

1.2 .... Trime4hylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.013 

1.3.'·Trimelhylbenzene 
Vinyl Chloride 

0.010 U 
0.010 U 

0.010 U 
0010 U 

0.020 U 
0.020 U 

0.020 
0020 

0.015 
000<; 

m. & p.Xylenes 0.020 U 0.020 U 0.040 U 0040 0.014 

o-Xylene 0.010 U 0.010 U 0.020 U 0.020 0.011 

Us Not detected elspeofied repOl1Jrlg ~IT\l Ll; Jr \he rBlul\ Is "'ported by Ihe llbonItOfy IS J (es~mated relutt leu Lilln \he rtpOl"tlng limit) rt II pres&nlild IS U. 
E =Esllmoled raSlAl, toocenb<lbon exceedllhe calibra~tIn 1lIIng& 



27-
EMISSIONS RESUL 15 

VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUAUTY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name. B752·001\PX ft eTl 1.10031 Sample Dale: 7120107 
Client: Parametr1x 1ft! City of Tacoma landml Sample Time: 1136· 1218 
location: Tacoma, Weshington lab Number- 04517 
Run Number. 3. 
Sample location : Perennial *'1 Lamffill Ga.! Combusler Oullet 

Reporting 
RUN3A Limit MDL 

Tana)( Tub. Anasorb Tube TOTAL TOTAL TOTAL ,. ,. 3. 3' 3' 
Anal~e I:!B l:!a l:!51 !'JI. i!rl 
Acetone 0 .100 U 0.100 U 0 .200 U 0.200 0.120 

Benzene O.BOO 0010 U o BOO 0.020 0.009 

Bromobeozene 0.010 U 0.010 U 0.020 U 0.020 0.0" 
Bromodllorome!hane 0025 U 0025 U OOSO U 0.050 0.Qf1 

Bromodk:hloromethane 0.010 U 0.010 U 0.020 U 0.020 O.OO!/ 

Bromoform 0.025 U 0025 U O.osa U 0.050 0.013 

Bromomeihano 0.050 U 0.050 U 0.100 U 0.100 0.016 

2·8ul8none (MEK) 0.100 U 0.100 U 0.200 U 0.200 0.064 
n.8utytbem:ene 0.010 U 0.010 U 0020 U 0.020 0.015 

sec.Butylb&nzeno 0.010 U 0,010 U 0020 U 0.020 0 .0151 

lert·Bulylberizeno 0.010 U 0.010 U 0 .020 U 0.020 0.018 

Carbon DlsuHide 0.010 U O.OtO U 0.020 U 0.020 0.008 

Carbon TelT8chll)ride 0.010 U 0.010 U 0.020 U 0020 0007 

Chl0r0benzenll 0.010 U 0.010 U 0.020 U 0.020 0.0051 

Chlorodibromomelhane 0.025 U 0.025 U 0.050 U 0.050 0.001l 

Chloroelhane 0050 U 0.050 U 0.100 U 0.100 0.001l 

Chlorofonn 0.010 U 0.010 U 0020 U 0020 0.009 

Chloromethane 0 .050 U 0.050 U 0.100 U 0100 0.012 

2·Chkltotolueoe 0.010 U 0.010 U 0.020 U 0()20 0011 

"'·Ch/orololuene 0.010 U 0.010 U 0020 U 0020 0.011 

1.2 Dibromo-3-ehloropropane 0.050 U O.osa U 0100 U 0.100 0.032 

l,2-Dibromoelhene 0.025 U 0.025 U O.osa U 0050 0.001l 

Dibromomelhane 0025 U 0.02S U 0.050 U 0050 0.013 

1.2-Dlchlorobllnzene 0.010 U 0.010 U 0.020 U 0020 0012 

l,3·OtchIOfobenzene 0.010 U 0.010 U 0.Q20 U 0.020 0.013 

1."'·Dichlorobenzene 0.010 U 0010 U 0.020 U 0.020 0.015 

OichlolOdinuoromelhane 0.025 U 0.033 0 .033 0050 0.010 

1. t-Dic:hJoroelh9l"le 0.010 U 0.010 U 0.020 U 0020 0.007 

1.2·DlchIOfoelhal'le 0.010 U 0.010 U 0.020 U 0020 0.010 

cis-l,3-Dlchloroelhene 0.Q10 U 0.010 U 0.020 U 0.020 0.010 

trans-l,3-Dichloroethene 0.010 U 00,0 U 0.020 U 0.020 0.008 

1.1-Oichloroelhene 0.010 U 0.010 U 0.020 U 0020 0011 

1,2-Dichloroprwane 0.010 U 0.010 U 0.020 U 0020 0.009 

1.3-Oichloropropane 0.010 U 0.010 U 0.020 U 0020 0.014 

2,2-Dictlloropropane 0 .010 U O.OtO U 0020 U 0020 0.007 

cis-l.3-Dit:hIOfopmpene 0.010 U 0.010 U 0.020 U 0020 0.008 

trans-1 ,3-Dichloropropene 0.010 U 0.010 U 0020 U 0.020 0.008 

1.1-Dichloropropene 0010 U 0.0'0 U 0020 U 0.020 0.008 

Ethylbllnzene 0010 U 0.010 U 0.020 U 0.020 0.006 

Hexachlorobutedlene 0025 U 0.025 U 0.050 U 0.050 0.008 

2·Hexallone 0.100 U 0.100 U 0.200 U o ZOO 0.036 

tsopropylbenzene 0.010 U 0.010 U 0020 U 0020 0.012 

p.lsopropyllokJeoe 0010 U 0.010 U 0.020 U 0020 0.017 

t.1elhyfens Chlonde 0025 U 0025 U ooso U O.osa 0.024 

",·Melhyl·2-Pentanone (MiBK) 0100 U 0100 U 0200 U 0.200 0058 

Naphalenc 0.025 U 0025 U O.OSO U 0050 0.013 

n·Propylbenzene 0.010 U 0.0'0 U 0.020 U 0.020 0.011 

Styrene 0010 U 0.010 U 0.Q20 U 0.020 0.010 

1.1 .1.2-TelrachlOmelhene 0.010 U 0010 U 0.020 U 0020 000' 

1.1 .2.2·TetmchtOfoethane 0.025 U 0025 U 0.050 U 0050 0013 

Tetradlloroethene 0,010 U 0010 U 0020 U 0020 0.009 

Toluene 0.023 0.010 U 0023 0021 0.005 

t ,2.3·TrlchlorobenZf!ne 0.025 U 0025 U COSO U 0.050 0011 

t ,2A-Trichlorobllnzene 0025 U 0025 U 0050 U 0050 0013 

1.1,1' Trichloroethane 0025 U 0.025 U 0.050 U 0050 0010 

1.1,2-Trichloroelhane 0.025 U 0.025 U 0.050 U 0050 0.011 

Trichloroeltlene 0.010 U 0,010 U 0.020 U 0020 0.020 

TlichioronUOJ'Omethane 0.050 U 0087 0.087 0. '00 0.016 

1.2,3-TrichioropropBn8 0,025 U 0.025 U OOSO U 0.050 0.020 

1.2,4.Trimalhylbenzene 0.010 U 0.010 U 0.020 U 0.020 0013 

1 ,3,5· Trimelhylbenzene 0.010 U 0.010 U 0020 U 0.020 0.015 

Vinyl Chlonda 0.010 U 0.010 U 0.020 U 0.020 0.006 

m- & p-Xy!enes 0.020 U 0.020 U 00"'0 U 0.040 0.014 

o-Xylene 0.010 U 0010 U 0020 U 0.020 0.011 

U = No! dellK1ed atlpeened reporting Mmll. "1h8 feStlr. IS reported by !he labonllOl)' II' J (a.~ma.I&d resulliess Ihan !he reporting ~ rl1Il) II il pres8ll1ad 85 U 
E • Esllmated resull, concenlrallon Il)(ceeds !ha tahbralion range. 
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EMISSIONS RESULTS 
VOLA TILE ORGANIC COMPOUNDS 

AMTEST AIR CUAUTY I A OMSION OF HOEFLER CONSUl nNG GROUP 

File Name: 8752·001\PX G eTl M0031 Sample 081e: 712007 
Client Peremetrix (gJ City of Tecoma landfill Sample Time: 1232·1312 
location: Tacoma. Washington lab Number: 451B 
Run Number: 38 
Sample Locabon: Perennial., Landfill GO! Combusler OuUel 

Rrponing 
RUHlB LImn MDL 

Tann Tube Annorb Tube TOTAL TOTAL TOTAL 
38 38 3. 38 38 

An.~8 l!1i l!B l!9 ~!l 1!!1. 
Acetone 0.100 U 0,100 U 0200 U 0.200 0.120 
Benzene 0.370 0.010 U 0.370 0.020 0.009 
Bromobenzene 0.010 U 0.Q10 U 0.020 U 0.020 0.011 
BromochIorornelhane 0.025 U 0.025 U O.OSO U 0.050 0.011 
8romodi!:hJornmethaoe 0.010 U 0.Q10 U 0.020 U 0.020 0.009 
Bromoform 0.025 U 0.025 U O.osa U 0.050 0.013 
Bromomelhene 0.050 U 0.050 U 0.100 U 0100 0.016 
2-Butenone (MEK) 0.100 U 0.100 U 0.200 U 0200 0.064 
n.Butytbenzl!n& 0.010 U 0,010 U 0.020 U 0020 0.015 
sec-Butylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.01!~ 

lert.Butylbenzeno 0.010 U 0.010 U 0.020 U 0.020 0.018 
Carbon Disulfide 0.010 U 0.010 U 0.020 U 0.020 0.008 
Carbon Telrachloride 0.010 U 0.010 U 0.020 U 0.020 0.007 
Chlorobenzena 0.010 U 0.010 U 0.020 U 0.020 0.009 
Chlorodlbromomalhane 0.025 U 0.025 U 0.050 U 0050 0.008 
Chloroelhane 0.050 U O.osa U 0100 U 0.100 0.008 
Chloroform 0.010 U 0.010 U 0020 U 0020 0.009 
Chklromelhane 0.050 U 0.051 0.051 0.100 0.012 
2·Chlorotoklena 0.010 U 0.010 U 0020 U 0020 0.011 
'(-Chlorololuena 0.010 U 0.010 U 0.020 U 0.020 0.011 

1,2 Cibromo-3-chl0r0prapene 0.050 U OOSO U 0.100 U 0.100 0.032 

l,2·Cibromoelhana 0.025 U 0.025 U 0.050 U 0.050 0.008 

Cibramomelhana 0.025 U 0.D25 U 0.050 U 0.050 0.013 

1,2·DlchloroMnzene 0.010 U 0.010 U 0.020 U 0020 0012 
, ,l-D\chlolDben%ene 0,010 U 0.010 U 0020 U 0.020 0,013 

1.4-0Ichlorobenzene 0.010 U 0.010 U 0020 U 0.020 0.015 

DIchIomdinuClt'OlnelhaM 0.025 U 0.025 0.025 0.050 0.010 

" '·Dichloroelhane 0.010 U 0010 U 0.020 U 0.020 0.007 

1.2·Dichloroelhane 0.010 U 0.010 U 0.020 U 0.020 0.010 

cis·l,3-Dlchloroethene 0.010 U 0.010 U 0.020 U 0.020 0.010 

lrans·l,3-Dichloroethene 0.010 U 0.010 U 0.020 U 0.020 0.008 

1,1-Did1Iomelhene 0,010 U 0.010 U 0020 U 0.020 0.011 

1,2-Cichloropropane 0.D10 U 0.010 U 0.020 U 0.020 0.009 

1.l-0imlompmpane 0.010 U 0.010 U 0020 U 0020 0.014 

2,2.Dichlompropane 0.010 U 0.010 U 0.020 U 0.020 0.007 

cl&-I,3-Cidlloropmpene 0.010 U 0.010 U 0.020 U 0.020 0.008 

Irans-' ,3·DlchIOl"Opl1Jpene 0.010 U 0,010 U 0.020 U 0.020 0.008 

1,I·Dlchloropropene 0.010 U 0.010 U 0020 U 0.020 0.008 

Elhylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.006 

Hexachlorobutadlene 0.025 U 0.025 U OOSO U O.osa 0.008 

2·Hexenoru!l 0,100 U 0.100 U 0200 U 0.200 0.036 

lsopropylbenzene 0.010 U 0.010 U 0020 U 0.020 0012 

p.lsopropylloluene 0.010 U 0.010 U 0.020 U 0.020 0.017 

Methylene Chloride 0.025 U 0.025 U 0.050 U 0050 0024 

4.Melhyt·2-Penlanonl!l (MIBK) 0.100 U 0.100 U 0.200 U 0200 0.058 

Naphalene 0.025 U 0.025 U 0.050 U 0.050 0013 

n.Propylben%ene 0.010 U 0.010 U 0.020 U 0020 0.011 

SIyrl!fle 0,010 U 0.010 U 0020 U 0.020 0.010 

1.1,I,Z-TelrItd'lJoroelhane 0.010 U 0.010 U 0020 U 0.020 0.009 

1.1,2,2·Telr3chloroelhene 0.025 U 0.025 U 0050 U 0.050 O.OU 

T elrachloroelhene 0.010 U 0.010 U 0020 U 0.020 0.009 

Toluene 0.01" 0.010 U 0.014 0.021 0.005 

1.2,3-Trichlorobenzene 0025 U 0.025 U 0.050 U OOSO 0.011 

1.2,4-Trichlorobeolene 0.025 U 0025 U O.osa U 0050 0.013 

1,1,I-TrichloroeLhane 0.025 U 0.025 U O.osa U 0.050 0.010 

1,1.2-Tricllloroelhano 0.025 U 0025 U O.osa U 0050 0.011 

TrithloroethenB 0.010 U 0.010 U 0.020 U 0.020 0.020 

T richlorofluol1lmelhane 0.050 U 0050 U 0100 U 0. 100 0.016 

1,2,3-Trichloropropane 0.025 U 0.025 U 0050 U 0.0.50 0.020 

1,2,4-Trimelhylbenlene 0.010 U 0.010 U 0020 U 0.020 0.013 

1,3,5-Trimelhylbenll!1ne 0.010 U 0.010 U 0020 U 0.020 0.015 

Vinyl Chloride 0.010 U 0.010 U 0020 U 0.020 0.006 

m· & p-Xylenes 0020 U 0.020 U 0.040 U 0.040 0.014 

o-XyJene 0.010 U 0.010 U 0020 U 0.020 0.011 

U = Not d&leded.1 apaorHid repon.ng .rnila; If Ihe result is nlportecl by Ihe Iaborillory IS J (es~mated result \Gss I."," ttwI reporting Iml) II IS presented as U 
E .. ESI;m.i!lled rBSull: concentration excel!lds lIll callbralion range. 



12.t1 
EMISSIONS RESUL T5 

VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUAUTY. A DMStoN OF HOEFLER CONSULTING GROUP 

FIle Name: 8752-OO1\Px@ellM0031 Sample Dare: 7f20/07 
Client: Parumelrix@CUy of Tacoma l811d~U Sampkl Time: 1325·1-405 
Location : Tacoma, Washington lab Number: <1519 
Run Number. 3C 
Sample lOCllliofl: Pereooiel '1 Landfill Gas Combusler DuUet 

Reponing 
RUNle Limit MOL 

lenn Tube AnBiorb Tube TOTAL TOTAL TOTAL 
3C 3C 3C 3C 3C 

Anal:!!_ I:!R I;!S l!!J l!.2 l!.!l 
Acetone 0.100 U 0.100 U 0.200 U 0.200 0.120 
Benzene 0.990 0010 U 0.990 0.020 0.009 
Bromohenzena 0.010 U 0010 U 0.020 U 0.020 0.011 
B~~e~ene 0.025 U 0.025 U O.osa U 0.050 0.011 
8romodichloromethene 0.010 U 0.010 U 0.020 U 0.020 0.00lI 
Bromoform 0.025 U 0.025 U OOSO U 0.050 0,013 

Bromomelhane 0.050 U 0.050 U 0.100 U 0100 0,016 
2·Butanooe (MEK) 0.100 U 0.100 U 0.200 U 0200 0064 
n·ButylbenJ;ene 0.010 U 0.010 U 0 .020 U 0020 0.015 
se<:-Butylbenzene 0.010 U 0.010 U 0.020 U 0020 0.019 
1ef1.ButylbeflZene 0.010 U 0.010 U 0.020 U 0.020 0.018 
Calban Oisutfide 0.010 U 0.010 U 0020 U 0.020 0.008 
Carbon Telnlchkmde 0.010 U 0.010 U 0.020 U 0.020 0.007 
Chlorobenzene 0.010 U 0.010 U 0.020 U 0.020 0.'" 
Chlorodibromomelhane 0.025 U 0.025 U 0.050 U 0.0.50 0.008 
Chloroethane 0.050 U O.osa U 0.100 U 0.100 0.008 
Chlorororm 0.010 U 0.010 U 0.020 U 0.020 0.00lI 

Chloromethane 0050 U 0.050 U 0100 U 0.100 0.012 
2·Chlorololuet'la 0.010 U 0.010 U 0020 U 0020 0.011 
4-Chlorotoluene 0.010 U 0.010 U 0020 U 0020 0.011 
1,2 DibromD-3 .... dlloropropane 0.050 U 0.050 U 0100 U 0100 0.032 

1.2·Dlbromoethane 0.025 U 0.025 U 0050 U 0050 0.008 

Qibromomelhane 0025 U 0.025 U 0.050 U 0.050 0.013 

1,2·Dlchlorobenzena 0.010 U 0.010 U 0.020 U 0020 0.012 
, ,3-Dldllorobenzena 0.010 U 0.010 U 0.020 U 0.020 0.013 

l,4·Dithlorobenzene 0.010 U 0.Q10 U 0.020 U 0.020 0015 

OiCl1lorod1l1uoromelhane 0.025 U 0025 U 0.050 U 0.050 0010 

1.1·Dichloroethane 0.010 U 0.010 U 0.020 U 0.020 0007 

, .2·Dichl0r0ethllfle 0.010 U 0.010 U 0.020 U 0.020 0010 

cis· 1 ,3·Dichloroe!hene 0.010 U 0.010 U 0.020 U 0.020 O.rno 
lrans·' ,3-DichloJoeihene 0010 U 0.010 U 0020 U 0.020 O.OO/J 

,. '·DictlloroeUlene 0,010 U 0 .010 U 0.020 U 0.020 0.011 

, .2.0ichloropropane 0,010 U 0.010 U 0.020 U 0.020 0.009 
, .3-Ok:hloropropene 0.010 U 0.010 U 0020 U 0.020 0.014 

2.2-0ichkx"opropane 0.010 U 0.010 U 0020 U 0.020 0.007 

as-l,3-Dichforopropene 0010 U 0.010 U 0020 U 0.020 0.008 

Irans-l ,3-Oichloropropene DOlO U 0010 U 0020 U 0.020 0.008 

1.I-Oichloropropene 0.010 U 0.010 U 0020 U 0.020 0.008 

Elhylbenzene DOlO U 0.010 U 0.020 U 0.020 0.006 

Hexachlornbuladiene 0.025 U 0.025 U 0.050 U 0.050 0.008 

2-Hexanone 0.100 U 0,100 U 0.200 U 0.200 0.036 

Isoprapylbenzene 0.010 U 0.010 U 0.020 U 0.020 0.012 
p.lsopropyltoluene DOlO U 0010 U 0.020 U 0.020 0.017 

Methylene Chloride 0.025 U 0.025 U 0050 U 0.050 0024 
4. Melhyl.2.Pentanone (MiBK) 0100 U 0.100 U 0.200 U 0200 0058 

Naphalene 0.025 U 0.025 U 0.050 U o OSO 0.013 

n·Propylbenzene 0.010 U 0.010 U 0.020 U 0.020 0011 

Styrene 0.010 U 0.010 U 0.020 U 0020 0010 

1,1 ,1.2-Tetrachloroethane 0010 U 0010 U 0020 U 0020 0009 

1,1,2.2-Telrachloroethane 0.025 U 0025 U O.osa U 0.050 0013 

Tetrachloroethane 0010 U 0.010 U 0.020 U 0.020 0009 

Toluene 0.022 0010 U 0022 0.021 o .oS 

1.2,3-Tl1dl1otobenzene 0.025 U 0025 U 0.050 U 0.050 0011 
, .2,4-Tridllorobenzana 0025 U 0025 U 0.050 U 0.050 0.013 

1.1,1-Trichloroethane 0025 U 0025 U 0.050 U 0.050 0.010 

1,1,2-TrichlDroethane 0.025 U 0025 U O.osa U OOSO OOft 

Tridltoroe\hene 0.010 U 0.010 U 0.020 U 0.020 0.020 

T nchloroltuoromelhane 0.050 U 0.050 U 0.100 U 0.100 0.016 

1 ,2,3· Trichloropropa:'Ie 0.025 U 0025 U 0.050 U O.OSO 0.020 

1.2.4-Trfmelhylbenzene 0010 U 0.010 U 0.020 U 0.020 0.013 
1 ,3,s.. Trimelhylbenzene 0010 U 0.010 U 0.020 U 0020 0.015 

Vinyl Chlonde 0010 U 0.010 U 0.020 U 0020 0.006 

m· & p·Xylenes 0020 U 0020 U 0.0<\0 U 0040 0.014 

o.Xy1ene 0010 U 0.010 U 0.020 U 0020 0.011 

U " Not deted.ed al Specified reponing limlls. If thl fesult Is "'ported by the laboratory as J (estimatod result less than the rllpor1.lng kmll) II t. presenled as U 
E .: Es~maled rosult. concentration exceeds the CIII;bnI~on fan". 
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EMISSIONS RESULTS 

VOLATlLE ORGANIC COMPOUNDS 
AMTEST AIR QUAUlY, A DMSION OF HOEFLER CONSUL TlNG GROUP 

File Name" 8752-OO1\PX 0 CTl MOO31 Sample Dale: 7120107 
C. enl: Paramatrtx OJ Crty of Tacum8 landfill 
Location: Tacoma, Washington 
Run Number. >Fe 
Sampe location: PIII'8fV1IIal " Landt,U Ga5 Combuslaf Outlet 

RafJfJf1iflrl 
Run l • FIeld Blank Limit MOL 

Tenaz Tube An .. orb Tube TOTAL TOTAL TOTAL 
F. F. F. F. Fe 

Analxt. 1:!9 l::!iI I::!!I !!II !!II 
Acetone 0100'U 0100 U 0200 U 0200 0200 
."",one 0010 U 00'0 U 0020 U 0020 0020 
Bromobtnlona 0.010 U 0.010 U 0020 U 0.020 0.020 
8tornoc:hlorom&thane 0.025 U 0.025 U 0050 U ooso O.osa 
8romodd1loroma\hane 0010 U 0.0'0 U 0020 U 0.020 0.020 
emmol"", 0025 U 0.025 U 0050 U 0.050 0.050 
Bromotntthana ooso U 0.050 U 0.100 U 0.100 O. tOO 
2·Bu\ancInI (MEK) 0100U 0.100 U 0.200 U 0.200 0.200 
n-Elulybenzane 0010 U 0010 U 0020 U 0.020 0 020 
sac-Bt.tylbenzene 0.010 U 0010 U 0020 U 0020 0020 
tert-Butylbenzens 0010 U 0010 U 0020 U 0020 0020 
Carbon Disulfide 0.010 U 0010 U 0020 U 0020 0020 
Carbon Talrachlonde 0.010 U 0.010 U 0020 U 0020 0020 
Chlorobenzene 0.010 U 0.010 U 0.020 U 0.020 0.020 
Chlorodibromomethana 0.025 U 0025 U ooso U ooso O.osa 
ChlorDelhane OOSO U O.osa U 0100 U O1DO 0.100 
Chloroform 0010 U 0010 U 0020 U 0020 0020 
Chlorome\haJlll 0050 U 0.050 U 0.100 U O1DO 0100 

2-CNorotoluene 0010 U 0 .010 U 0020 U 0.020 0.020 
4·ChIorotoklene 0.010U 0010U 0.020 U 0.020 0.020 
l ,20it:womo-3.ch1oropropana 0050U 0050U 0100 U 0. 100 0.100 
l ,2·0ibranoelhaoe 0025 U 0025 U 0050 U 0050 O.osa 
Dibromomallane 0025 U 0025 U 0050 U OOSO 0050 
l,2-0id'llOrobanzene 0.010 U 0.010 U 0020 U 0020 0.020 
l,3-0id'lloroboozene 0010 U 0010 U 0020 U 0020 0020 
l,4-0ict'llornbenzene 0010 U 0.010 U 0020 U 0020 0020 
OichlorodifJuoromelhsne 0025 U 0025 U 0050 U ooso ooso 
l,l·0JChloroothane 0010 U 0010 U 0020 U 0020 0020 
, .2·DlChIoroothane 0010 U 0010 U 0020 U 0020 0020 
D!",3-OlChIoroo\hone 0010 U 0010 U 0020 U 0020 0.020 
Irllns·l ,3·DichIoroolhana 0010 U 0010 U 0020 U 0020 0020 
1,1.oic:HofoeUlene 0010 U 0.010 U 0.020 U 0020 0.020 
1.2.oicNoropropane 0010U 0010U 0020U 0020 0020 
1.3-Oich6oropropene 0010 U OOIOU 0020 U 0020 0020 
2.2-Oichb"opr0pan6 0.010 U 0010 U 0020 U 0020 0020 
ds-l.3-DIChIofoprope.ne 0.010 U 0010 U 0.020 U 0020 0020 
I,ons.l,3-0idlloropropene 0.010 U DOlO U 0.020 U 0.020 0020 
1 ,1-OId'IIOfCpropene 0.010 U 0010 U 0.020 U 0020 0020 
ELhylbenzene O.OIOU a 010 U 0020 U 0020 0020 
HBl(ochlorobutediane 0.025 U 0025 U OOSO U 0.050 OOSO 
2·HIIl(anone 0.100 U o lOOU 0200 U o.m 0200 
IKlpI"opylbenzene 0.010 U 0010 U 0020 U 0.020 0020 
p-Isopropylloluene 0.010 U DOlO U 0020 U 0.020 0020 
Mell'lylOne Chlonde OOlS U 0025U 0050 U ooso OOSO 
4.Melhyl·2-Penlaoone (MIBK) 0100 U 0100U 0200U 0200 0200 
Nepnelene 0025U 0025 U 0050U OOSO OOSO 
n-P,cpylbenzene 0010 U 0010U 0020U 0020 0020 
Slyrlne 0010 U 0010 U 0020 U 0020 0020 
1,1.1 .2·Telrachloroathane 0.010 U 0 .010 U 0020 U 0020 0.020 
1.1.2.2· Telradlloroelhane 0025 U 0.025 U 0050 U ooso ooso 
TeLred"llorooLhene 0010 U DOlO U 0020 U 0020 0.020 

Toluene 0010 U 0010 U 0021 U 0021 0021 
1,2,3-Trichlorobonzene 0025 U 0025 U OOSO U 0.050 OOSO 
1 ,2,4-Tric:hlorobenzene 0025 U 0025 U OOSO U 0.050 OOSO 
I, , , , . T ric:hIoroelhano 0025 U 0025 U OOSO U OOSO OOSO 
1,1,2-Tnc::hIoroeLhana 0025 U 0025 U oOSO U 0.050 OOSO 

Trichlofoelhene 0010 U 0010 U 0020 U 0.010 0020 
TritNorofluoromethane OOSO U 0050 U o l00U O. tOO o tOO 
1,2.3-T ,lChloropl"opane 0025U 0025U OOSOU O.osa OOSO 
1,2.4-TrUTlethybenzene 0.010 U 0010U 0020U 0.020 0020 
1,3.5-T nme\hylbenzene 0010 U 0010 U 0020 U 0.020 0020 
Vinyl Chloride 0.010 U 0010 U 0020 U 0.020 0020 
m- & p·Xylenes 0.020 U 0020 U 0.040 U 0040 0040 
a·Xylene 0.010 U 0.010 U 0020 U 0020 0020 

U. Not dtl,d,d Illpllcfted reporting bnJl,; 11th, 'lIIulllS rlpor1ed by lhel,bonIlory I' J ("u.r..ltd rtllull 'en ~'1'n lhe f,pol1lng .mol) II If pre .. nled II U. 
E. E.tirTIIlld rl.ull. COr'Icenlralloll exceeds the t.lllbt'~Qn fllllil'. 
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DATA INPUT PAGE 

VOLATILE ORGANIC COMPOUNDS 


AMTEST AIR QUAUTYI A DIVISION Of HOEFLER CONSULTING GROUP 


FIle Name: 8152-OO1\PX @ cn 1'.10031 Sample Dale: 7119107 SBffiPIe Volume: 00103 d,,,,, 
Client: Paramelrlx@CltyofTacomalandfill Sample Time: 1510 · 1610 Airflow: 9792 .7 dsdm 
Lacellar!" Tacoma, Washington Lab Numbers' 4511 
Run Number. lA 
Sample localiorr Perennoa[ #1 landfill Gas Combusler ekillel 

RUN 1A · RESULTS RUN 1A· REPORTING LIMIT (Rl) RUN 'A • MINIMUM DeTECnON LIMIT (MOl) 
Tenu Tube ,. Anuorb Tuba,. Tenu 

1A 
Anuorb 

1A 
TOTAL 

,. 
lenn 

1A 
Anasorb 

1A 
TOTAL 

1A 

lJ9 u9 1-19 p9 

Acetone 0.077 J o 0.10 0 .10 0.20 0.060 0 .060 0.120 

Benzene 2.4 E o 0.010 0 .010 0 .020 0.0043 0 .()(}4I3 0.0086 

Btomobeozene o o 0.010 0 .010 0.020 0.0055 0.0055 0.0110 

8romochklromelhane o o 0025 0025 OOSO 0.0055 0 .0055 0.0"0 
8romodlc:llioromelhane o o 0010 0 .010 0 .020 0 .0044 0 .0044 o00IlI! 

Bromoform o o 0.025 0.025 0 .050 0.0055 0 ...5 00130 

Bromomelhane o o 0.050 OOSO 0.100 0 .0078 00078 00156 

2-8utanone (MEK) o o 0.10 0 .10 020 0.032 0.032 0.064 

n-8utylbenzene o o 0.010 0 .010 0 .020 0.0077 0.0077 0.0154 

sec.Butylbenzene 
tert.8ulylbenzCfle 

o 
o 

o 
o 

0.010 
0.010 

0.010 
0 .010 

0.020 
0.020 

0.0096 
0.0089 

00096 

0""'" 
0.0192 
0 .0176 

Carbon Dlsulrlde 0.0042 J o 0.010 0010 0.020 0 .0042 00042 0.0084 

Carbon Telrachlonde o o 0010 0.010 0 .020 0 .0034 00034 0006' 
Chlorobenzene o o 0.010 0 .010 0 .020 0 .0043 00043 0.0056 

ChlOfOdibromomethane o o 0.025 0 .025 O.osa 0.0038 00038 0.0076 

Chloroelhane o o 0.050 0 .050 0.100 00039 00039 0.0078 

Chloroform o o 0.010 0.010 0.020 0.0046 000<" 00092 

Chloromelhane o 0 .048 J 0 .050 0.050 0.100 0.0060 0 .0060 11.0120 

2-ChlOfololuene o o 0.010 0.010 0020 0 .0054 00054 00108 

4-Chlorololuene o o 0010 0 .010 0020 0 .0057 0 .0057 0.0114 

1.2 Dibromo-3·chloropropane 
1.2-Dibromoelhane 

o 
o 

o 
o 

0.050 
0.025 

O.osa 
0.025 

0100 
0.050 

0 .016 
0.0039 

0.016 
0 .0039 

0.032 
0.0078 

Dibromomelhane o o 0.025 0 .025 0.050 00064 0.00G4 0.0128 

1.2-Dichlorobenzene o o 0.010 0 .010 0 .020 00059 00059 00118 

1.3-Dichlorobenzene o o 0.010 0.010 0 .020 0006' 000.. 00128 

1,4·0ir.hkwobeozeoe o o 0.010 0010 0 .020 00074 00074 00H8 

Dichlorodtnuoromethana o 0.027 0 .025 0.025 0.050 0 .0052 0 .005Z 0.0104 

1.1-Dicflloroelhane o o 0.010 0.010 0 .020 0 .0034 0 0034 0006B 

1.2-OIchloroelhane o o 0.010 0010 0 .020 0 .00"8 0 .0048 0009" 
cis-l.3-Dichloroelhene o o 0010 0 .010 0020 0.0050 00050 0.0100 

Irans·l,3-DlchloroeLhene o o 0.010 0.010 0.020 00038 00038 0.0076 

1.1-Drchklroethene o o 0.010 0 .010 0.020 0.0057 00057 00114 

1.2-Dichloropropane 
1.3-o.chIoropropane 

o 
o 

o 
o 

0.010 
0 .010 

0 .010 
0 .010 

0 .020 
0.020 

0 .0045 
0 .0071 

000<5 
00071 

00090 
00142 

2.2.0icNoropropane o o 0.010 0 .010 0 .020 00034 0 003" 0006' 
cls-l,3.Dichioropropene o o 0010 0 .010 0 .020 0.0039 00039 0.0078 

Irans·l,3-Qichloropropene 
l,l·Dichloropropene 
Elhylbenzena 
Hexachlorobula diene 

o 
o 

0.0049 
o 

J 

o 
o 
o 
o 

0010 
DOlO 
0.010 
0025 

0.010 
0.010 
0.010 
0.025 

0020 
0020 
0.020 
OOSO 

0.0039 
0.0042 
0.00l2 
0 .00<41 

0.0039 
0.0042 
00032 
00041 

00078 
00084 
0.0064 
00062 

2-Hexanooe o o 0.10 0 .10 0 .20 0 .018 0018 0.036 

ISOPfOPylbenZCOO 
p.lsopropylloluene 
Melhylene ChlOride 
".Methyl·2-Penla none (MlBK) 
Naphlliene 
n.Propy(benzene 
Styrene 
1.1 .1.2-Te1sachloroelhane 

o 
o 
o 
o 

0.025 
o 

0.016 
o 

o 
o 
o 
o 
o 
o 
o 
o 

0 .010 
0 .010 
0025 
0.10 

0.025 
DOlO 
0.010 
0.010 

0 .010 
0.010 
0 .025 
0.10 

0025 
0.010 
0 .010 
0010 

0020 
0.020 
0 .050 
0 .20 

0.050 
0020 
0.020 
0.020 

0 .0058 
00065 
0.012 
0.029 

0.0068 
00054 
0.00049 
0 .00<16 

OOOS" 
00005 
0012 
0029 

00066 
00054 

o""'. 
0 .0046 

0.0116 
0.0170 
0024 
0058 

0.0132 
00108 
0.0098 
00002 

1.1.2.2-Telfachloroelhane o o 0.025 0.025 0 .050 0 .0067 00067 00134 

Telrachloroelhene o o 0.010 0.010 0 .020 0.004. 0004" 00088 

Toluene 0.066 0.0039 J 0.010 0.010 0.021 0.0027 0.0027 0.0054 

1.2.3·Trichlorobenzene o o 0.025 0025 0.050 0.0056 00056 00112 

t ,2,4· Trichlorobenzene 
l,t .t·Trichloroethane 
1.1.2-Trichloroethar.e 

o 
o 
o 

o 
o 
o 

0.025 
0025 
0.025 

0 .025 
0.025 
0 .025 

OOSO 
O.osa 
0.050 

0.0066 
0 .0051 
0 .0056 

00066 
0 .0051 
00056 

00132 
0.0102 
00112 

TrichloroeUlene o o 0.010 0 .010 0 .020 0 .0099 0.0099 00196 

Trtchloronugromlthane 
1,2,J-Trichlgropropllne 
1.2,4-Tnmelhylbenzene 
1,3.5-Trimelhylbenzene 
VInyl Chlonde 
m- & p.Xylenes 
o-Xylene 

0.0085 
0.046 

o 
o 
o 
o 
o 

J o 
o 
o 
o 
o 
o 
o 

0.050 
0.025 
0010 
O.OtO 
0.Q10 
0020 
0.010 

O.osa 
0.025 
0.010 
0.010 
0 .010 
0 .020 
0 .010 

0.100 
0.050 
0020 
0020 
0020 
0040 
0020 

0.0080 
0.0099 
0.0063 
0.0074 
0 .0032 
0 .0072 
00053 

00080 
0000' 
0 .0063 
00074 
00032 
00072 
0 0053 

0.0160 
0.0198 
0.0126 
00148 
0.0064 
0.0144 
00106 



File Name: 
Client: 
Location: 
Run Number: 
Sample locallon: 

AUlone 
ell11111111 

8f't1mObenzene 
Brt)mochloromelhane 
Bromodichloromelhane 
Bromolonn 
Bromomelhane 
2·8u18110116 (MEK) 
n-8utylbenzene 
sec-Butylbenzene 
1er1·eutytbenzene 
Cartoo Disulfide 
Calbon Telrechloride 
ChIorobem:ena 
ChlonxlibromOmelh8116 
Chtoroelhane 
Chloroform 
Chloromethane 
2·Chlorololuene 
4-Chlornlotuene 
1,2 Oibromo-3-chlornpropane 
1,2·Dibromoelhane 
Dlbromomethllne 
1.2-0ichloroberu:ene 
1,J-Dichlorobenzene 
, ." ·Qidllotobenzene 
Olc.hlorodlnuoromethanll 
l,l ·Dichlornelhane 
1.2·0ichIoroelhatH! 
cUI·l.J..Dichloroelhene 
Iran .. ' ,3-0ichloroethene 
l,l ·Dichl0r0elhene 
l.2· Dic.hloroprop8l1e 
l ,3-OIchloropropane 
2,2·DlChIoropropan6 
ClS-' ,3.Dichloropropene 
trans.l,3-Dichloropropene 
1.1.[)jch[oroproPIlfl8 
Elhy1beozene 
Hexachlorobuladiene 
2·Hoxanone 
lsopropylbanzene 
p.lsoprupytloluene 
Methylene Chloride 
.o! ·Melhyl·2·Penlanone (MiBK) 
Naphllene 
n.Prupylbenzene 
Styrene 
1,1,1 ,2-Tetrachloroelhane 
1,l ,2,2-Telrachloroelhane 
Tel1achloroelhene 
Toluene 
1,2,3-Trichiorobenzene 
1,2,.·Trichlorobenzene 
1,1,t·Trichloroethane 
1,1,2-Trichloroelhane 
TrithkJroe(hene 
Trkhlorof[uoromethlne 
1,2,3-TJichlorapropana 
1.2,4-Tnmelhylbenzene 
1.3,> Trimelhylbenzooe 
Vinyl Chloride 
m· & p-Xylenes 
a·Xylene 

121 
DATA INPUT PAGE 

VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUAUTY, A DMSION OF HOEFLER CONSUL TlNG GROUP 

B752-OO1\PX ~ eTl MD031 
Paramalrix@ City of Tacoma landfill 
Tat:or.'la, Washington ,. 
Parennial" Landfill Gas Combuster OUUel 

RUN 19 . RESUL 15 
Ten .. Tube ,. 

us 

o 
••• o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
• o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0 ,062 
o 

0,0086 J 
o 

0 ,0053 J 
o 
o 
o 

0,025 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Anlilorb TUM ,. 
UH 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.058 
o 
o 
o 
o 
o 
o 
o 
o 

0.03 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0,015 J 
o 
o 
o 
o 
o 
o 
o 

0.0037 J 
o 
o 
o 
o 
o 

0.07fi 
o 
o 
o 
o 
o 
o 

Sample Dale : 7119107 
Sample Time; 1B20· 1700 
lab Numl>en: 4512 

RUN 18 • REPORTING LIMIT (RL) 
Tenax Anuorb TOTAL 

19 19 18 
pH 

0.10 
0.010 
0,010 
0.025 
0010 
0.025 
0 .050 
0.10 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.025 
0.050 
0.010 
OOSO 
0.010 
0.010 
0.050 
0.025 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.Q10 
0.010 
0010 
0.010 
0.Q10 
0.010 
0.025 
0.10 

0.010 
0.010 
0 .025 
0.10 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.025 
0025 
0.025 
0.025 
0.010 
0.050 
0.025 
0.010 
0.010 
0.010 
0.020 
0.010 

0.10 
0.010 
0010 
0.025 
0.010 
0.025 
OOSO 
0.10 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.025 
0.050 
0.010 
0.050 
0.010 
0.010 
• . 050 
0.02!! 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0 .010 
0025 
0.10 

0.010 
0.010 
0.02' 
0.10 

0.025 
0.010 
0010 
0010 
0.025 
0.010 
0 .010 
0025 
0.025 
0.025 
0 .025 
0.010 
O.OSO 
0.025 
0.010 
0.010 
0.010 
0020 
0.010 

020 
0.020 
0.020 
0.050 
0.020 
OOSO 
0100 
02. 

0.020 
0.020 
0.020 
0020 
0.020 
0.020 
OOSO 
0100 
0020 
0.100 
0.020 
0020 
0.100 
0.050 
OOSO 
0020 
0020 
0.020 
0.050 
0.020 
0.020 
0.020 
0.020 
0.020 
0 .020 
0.020 
0.020 
0.020 
0020 
0.020 
0 .020 
0050 
0.20 
0020 
0.020 
0 .050 
0.200 
0.050 
0.020 
0.020 
0.020 
O.osa 
0.020 
0,021 
0.050 
0.050 
0.050 
O.osa 
0.020 
0.100 
• . 050 
0020 
0020 
0020 
0.040 
0.020 

Sample Volume: 00191 dscm 
Airflow: 97927 dsdm 

RUN 18 . MINIMUM DETECTION UMIT(MDl) 
Tenn Anasorb TOTAL 

18 18 18 

P9 
0.060 

0.0043 
0.0055 
0.0055 
0.0044 
0.0065 
0.007B 
0.032 

0.0077 
0.0096 
0.0089 
0.0042 
0.0034 
0.0043 
0.0038 
0.0039 
0.0048 
0.0060 
00054 
00057 
0.018 
0.0039 
0.0064 
0.0059 
00064 
00074 
0.0052 
0.0034 
0.0048 
00050 
0.0036 
0.0057 
0.0045 
0.0071 
0 003< 
00039 
0.0039 
0.0042 
0 .0032 

o "'" 1 
0.018 
0.0058 
0.OOB5 
0.012 
0.029 
0.0066 
000541 
0.DD49 
0.0046 
00087 

0""" 
0.0027 
0.0056 
0.0066 
0.0051 
0.0056 
0.0099 
• . 0080 
0.0099 
0.0083 
0.0074 
0.0032 
0.0072 
00053 

0.060 
0.0043 
0.0055 
0.0055 

o ""'. 
OJ>065 
0.007B 
0.032 

00077 
00096 
0.00B9 
0.0042 
0.0034 
0.0D-43 
0 .0038 
0.0009 
."",6 
0 ,0060 
00054 
0.0057 
0016 

00039 
0006. 
00059 
0.0064 
0.0074 
0.0052 
0.0034 
0.0046 
00050 
0003B 
00057 
0.0045 
0.0071 
0'()034 
0.0039 
0.0039 
0.0042 
0.0032 

o "'" 1 
O.OIB 
0.005B 
0.0085 
0.012 
0.029 
0.0066 
0.0054 
0.0049 
0.0046 
0.0067 
00044 
0.0027 
0.0056 
0 0066 
0.0051 
00056 

0009' 
0.0080 
00099 
00063 
0.0074 
0.0032 
00072 
00053 

0.120 
O.OOIS 

0.0110 
0.0110 
O.OOBB 
0.0130 
0.0156 
0 .... 
0.015-4 
0.0192 
0.0178 
• . 008< 
0.0068 
O.OO8B 
0.0078 
0.0078 
0.0092 
11.0120 
0,0108 
0.0114 
0.032 

0.0078 
00128 
0.011B 
0.0128 
0.01.8 
0,010-4 
O.OO6B 
0.0096 
0.0100 
0.0078 
0.D114 
0.0090 
0.0142 
0 .0068 
0.007B 
0.007B 
0008. 
00004 
0.0082 
0.03B 

0.0116 
0.0170 
0.024 

00" 
0.0132 
0.0108 
0.00911 
0.0092 
0.0134 
O.ooes 
0.0054 
00112 
0.0132 
0.0102 
0.0112 
0.019B 
0.0160 
0.0196 
0.0126 
0.014B 
0.0064 
0.0144 
0.0106 
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VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION Of HOEFLER CONSULTING GROUP 


File Name: 

Chenl: 

Location: 

Run Number: 

Sample Location: 


Acetone 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichlornmethane 
Bromoform 
Bromomethane 
2-Butanone (MEK) 
n.Butylbenzene 
sec-Butyl benzene 
ler1·Butylbenzene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chlorodlbromomelhane 
Chlomelhane 
Chlorororm 
Chloromelhane 
2-Chlorololuene 
4·Chlorololuene 
1,2 Dibromo-3.chloropropane 
1,2·Dibromoelhane 
Dibrornomethane 
1,2·Dldllorobenzene 
1,3·Dldllorobenzene 
1,4-Didllorobenzene 
Dlchlorodlnuoromethane 
1,1·Dichloroethane 
1,2-Dichloroelhane 
cis·l,3-Didlloroethene 
Irans·1,3·Didlloroeihene 
1,1-Dichloroethene 
1,2.Dlchloropropane 
1,3.Dichloropropane 
2,2.Dichloropropane 
cis·l ,3·Dlchloropropene 
Irans·l ,3-Dichloropropene 
1,1-Dlchloropropene 
Elhylbenzene 
Hexachlorobutaolene 
2·Hexanone 
Isopropylbenzene 
p-lsopropylloluene 
Methylene Chloride 
04·Melhyl·2-Penlanone (MI8K) 
Naphalene 
n-Propylbenzene 
Styrene 
1,1,1,2-Telrachloroelhane 
1,1,2,2-Telrachloroelhane 
Tetrachloroelhane 
Toluene 
1,2,3-Trir..hlorobenzene 
1 ,2,4· Trichlorobenzene 
1,1.1· Trichloroethane 
1,1.2·Trichloroelhane 
Trichloroethene 
Trlchlorofluoromelhlne 
1,2.3-Tnchloropropene 
1.2,4·Trimelhylbenzene 
1.3,5-Tnmelhylbenzene 
Vinyl Chloride 
m· & p-Xylenes 
o-Xylene 

8752·Q01\PX @ ell MOO31 Sample Dale: 7I191tl7 Sample Volume: 0.0191 dscm 
ParameLnx @ City of Tacoma landfill Sample Time: 1719·1759 AIrflow: 97927 dscfm 
Tacoma, Washington Lab Numbenl: 4513 
1C 
Perennial #1 landfill Gas Combusler Oullet 

RUN 1C. RESULTS RUN 1C • REPORTING LIMIT fRl) RUN 1C - MINIMUM DETECTION LIMIT (MOL) 
Tena:.: Tuba Anasorb Tube Tenal( Anasorb TOTAL Tenax Anasorb TOTAL 

1C 1C 1C 1C 1C 1C 1C 1C 

ll9 H9 119 1-1 9 H9 JJ9 
0.31 o 0.10 0.10 0.20 0.060 0060 0.120 
0.17 o 0.010 0010 0.020 0.0043 0.0043 0.0086 
o o 0.010 0.010 0,020 0.0055 0.0055 0.0110 
o o 0.025 0025 0.050 0.0055 0.0055 0.0110 
o o 0.010 0010 0020 0.0044 0.0044 0.0086 
o o 0025 0.025 O.osa 0.0065 00065 0.0130 
o o 0050 0.050 0.100 0.0078 0007B 0.0156 
o o 0.10 0.10 0.20 0.032 0032 0.064 
o o 0.010 0.010 0.020 0.0077 00077 0.0154 
o o 0.010 0.D10 0.020 0.0096 0.0096 0.0192 
o o 0.010 0010 0.020 0.OOB9 0.0089 0.017B 

0.028 o 0.010 0.010 0.020 0.00042 00042 0.00B4 
o o 0.010 0.010 0.020 0.0034 0.0034 0.0068 
o o 0.010 0.010 0.020 0.0043 0.0043 0.0086 
o o 0.025 0.025 O.osa 0.0038 0003B 0.0076 
o o O.osa O.osa 0100 00039 00039 0.0078 
o o 0.010 0.010 0.020 0004. 00046 0.0092 
o 0.023 J O.osa 0.050 0.100 00060 0.0060 ·0.0120 
o o 0.010 0.010 0.020 0.0054 00054 00108 
o o 0.010 0.010 0.020 0.0057 0.0057 00114 
o o OOSO 0.050 0.100 0.D16 0016 0.032 
o o 0.025 0.025 0.050 00039 00039 0.0076 
o o 0.025 0.025 OOSO 00064 00064 0.0126 
o o 0.010 0.010 0020 0.0059 00059 0.D116 
o o 0.010 0.010 0020 00064 00064 00126 
o o 0.010 0.010 0020 0.0074 00074 00148 

0.035 0.024 J 0.025 0.025 0.050 0.0052 0.0052 0.0104 
o o 0.010 0.010 0.020 0.0034 0.0034 O.006B 
o o 0.010 0.010 0.020 0.0048 000<8 0.0096 
o o 0.010 0010 0.020 O.OOSO O.oosa 0.0100 
o o 0.010 0010 0.020 0.0038 0.0038 0.0076 
o o 0.010 0010 0.020 00057 0.0057 0.01104 
o o 0.010 0.010 0.020 00045 0.0045 0.0090 
o o 0.010 0.010 0020 00071 0.0071 0.0142 
o o 0.010 0.010 0020 0.0034 00034 0.0068 
o o 0.010 0.010 0020 00039 0.0039 0.0078 
o o 0.010 0.010 0.020 00039 0.0039 0.0078 
o o 0.010 0.010 0.020 0.0042 0.0042 0.0084 
o o 0.010 0.010 0.020 00032 0.0032 0.0064 
o o 0.025 0.D25 0050 0.0041 00041 0.0062 
o o 0.10 0.10 0.20 0.018 0.018 0036 
o o 0.010 0.010 0.020 00058 0.0058 0.0116 
o o 0.010 0.010 0.020 0.0085 0.0085 00170 

0.189 0.016 J 0.025 0.025 0.050 0.012 0.012 0.024 
o o 0.10 010 0.20 0.029 0.029 0.058 
o o 0025 0.025 oOSO 0.0066 0.0066 0.0132 
o o 0010 0.010 0.020 0.0054 0.00504 0.010B 
o o 0010 0.010 0.020 0.0049 00049 00098 
o o 0.010 0.010 0.020 0.0046 00046 00092 
o o 0025 0.025 0.050 0.0067 0.0067 00134 
o o 0010 0010 0020 0.0044 00044 0.0088 

0.0096 J o 0.010 0010 0.021 0.0027 00027 0.0054 
o o 0.025 0.D25 0050 00058 00056 0.0112 
o o 0,025 0.025 0050 0.0066 00066 0.0132 
o o 0.025 0.025 OOSO 0.0051 00051 00102 
o o 0.025 0.025 0.050 0.0056 00056 0.0112 
o o 0010 0.010 0020 0.0099 00099 0.0198 

1.' o 0.050 O.osa 0.100 0.00110 O.OOBO 0.0160 

o o 0025 0.025 0050 00099 0.0099 00198 
o o 0.010 0,010 0.020 00063 00063 0.0126 
o o 0010 0.010 0.020 00074 00074 0.0149 
o o 0.010 0.010 0.020 0.0032 00032 0.0064 
o o 0.020 0.020 0040 0.0072 00072 00144 
o o 0.010 0.010 0020 0.0053 0.0053 00106 



File Name: 
Crient 
Loc&tton: 
Run Number' 
Sample Loca1ion: 

Acetone 
Benloene 
Bmmobenloene 
Bromochloromethane 
Bromodidl.loromelhane 
Bromolorm 
Bromomelhane 
2·Bulanone (MEK) 
n.Butylbenloline 
sec·Sutylbenzena 
1er1.8tJty1benzane 
Carbon Disulfide 
Carbon TetnlChtOlide 
Chlomtu!:nzel\8 
Chlorodibromomelhane 
Chloroelhane 
ChlORllorm 
Chlornmelhane 
2·ChlorolOluene 
<4·Chloraloluene 
1.2 Dibromo.3-chloropropane 
1,2·0ibromoelhene 
Olbromomelhone 
1,2·01thlorabenzene 
1,J..OichlDrobenzene 
1.<4·OIthlorobenzene 
Olchlomcllnuoromelhane 
1.I·OIcJ'Il0r0elhane 
1.2·Dichloroelhana 
ds·l,3-0ichloroelhene 
lIans·I,3·Oithloroeltlene 
1.1·DlchlDl"Dethene 
1.2·Dld"lloropropane 
1.3-OichIDlopropane 
2.2·Oichloropropaoe 
as·' ,3-Oichloropropefl8 
Irans-l,3·01chIOiopropene 
1,I·Oicl1[oropropene 
Elhylbenzene 
Hell!echlofobulndlene 
2·Hexanone 
Isopropylbenzene 
p·lsopropyiloluene 
Methylene Chloride 
4·Methv[·2·Penlonone (MISK) 
Napholene 
n·Propyibenloene 
Styrene 
1,1,1.2· TelJac. ... ,01oalhane 
1,1,2,2· TelraC".hloroelhane 
Telnu:hloroelhene 
Toluene 
1.2.3-Tnchlorobenzet'le 
1.2 ... ·Trktllorobonzene 
1.1 ,1-Tnchloroelhane 
1.1 .2·Tnchloroelhane 
Trichlclmelhene 
T richkW"onuoromelhaMi 
1.2.3-Tric.hloroPlopallil 
1.2 . .01· Trimelhylbenzene 
1.3.5-Trimelhylbenzene 
Vinyl Chloride 
m- &. p·Xylcnes 
o·Xylene 

DATA INPUT PAGE 
VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A OtV1SION OF HOEFLER CONSULTING GROUP 

87524J1\Px@cnM0031 
Pllramelrix@ City ot Tacoma landnll 
Tecoma, Washklglon 
lFB 

S.-np/e Dale: 7/19/01 

Perennial " landfill Gas Combtlsler Oullel 

RUN 1 • FB • RESULTS 
Tenax Tube 

FB 
V9 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

An .. orb Tube 
FB 

flg 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.0077 J 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

RUN 1 • FB • REPORTING LIMIT 
Rllportlng 

Llmll 
TenlX 

FB 
"'8 

0 .10 
0.010 
0 .010 
0 .025 
0 .010 
0 .025 
0.050 
0.10 

0 .010 
0.010 
0 .010 
0.010 
0.010 
0010 
0025 
O.osa 
0.010 
O.osa 
0.010 
0010 
O.osa 
0.025 
0.025 
0 .010 
0 .010 
0.010 
0.025 
0 .010 
0 .010 
0 .010 
0.010 
0 .010 
0.010 
0 .010 
0 .010 
0 .010 
0.010 
0010 
0 .010 
0025 
0.10 

0010 
0 .010 
0025 
0.10 

0025 
0.010 
0 .010 
0 .010 
0 .025 
0.010 
0010 
0025 
0025 
0025 
0025 
0010 
0.050 
0.025 
0.010 
0010 
0.010 
0.020 
0 .010 

Rlportlng 
Llmll 

Anl50rb 
FB 
fl9 

010 
0.010 
0.010 
0.025 
0.010 
0.025 
O.osa 
0.10 

0 .010 
0.010 
0 .010 
0 .010 
0.010 
0.010 
0.025 
0.050 
0.010 
0.050 
0.010 
0.010 
0.050 
0.025 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.010 
0.010 
0 .010 
0.010 
0 .010 
0010 
0.010 
0.010 
0.010 
0 .010 
0.025 
0.10 

0 .010 
0.010 
0.025 
0.10 
0.025 
0.010 
0010 
0.010 
0.025 
0.010 
0 .010 
0 .025 
0.025 
0025 
0.025 
0 .010 
O.osa 
0.025 
0 .010 
0.010 
0.010 
0.020 
0.010 

Rllportlng 
limit 

TOTAL 
FB 
flR 

0.20 
0.020 
0.020 
0.050 
0.020 
0.050 
0.100 
0.200 
0 .020 
0020 
0 .020 
0020 
0020 
0.020 
0.050 
0.100 
0.020 
0.100 
0.020 
0.020 
0.100 
0.050 
O.osa 
0.020 
0.020 
0.020 
0.050 
0.020 
0020 
0.020 
0020 
0 .020 
0020 
0020 
0020 
0020 
0.020 
0.020 
0.020 
0 .050 
0.200 
0.020 
0.020 
0.050 
0200 
0.050 
0020 
0.020 
0.020 
0.050 
0020 
0021 
OOso 
OoSO 
OOSO 
OOSO 
0020 
0.100 
OOSO 
0020 
0020 
0.020 
0040 
0020 

Sample Volume: 

MOL 
Tenal; 

FB 
V9 

0.060 
0 .00-43 
0 .0055 
0.0055 
000<. 
0.0065 
0.0078 
0 .032 

0 .0077 
0.0096 
0.0089 
0 .00-42 
0.003< 
0.0043 
0.0038 
0.0039 
0.0046 
0.0060 
0.00541 
0.0057 
0.018 

0.0039 
0.006-4 
0.0059 
0.0064 
0 .007.01 
0 .0052 
0.0034 
0.0048 
0.0050 
0.0038 
0 .0057 
0 .00-45 
0 .0071 
0.003< 
0.0039 
0.0039 
0.0042 
00032 
0.0041 
0.018 

0 .0058 
0 .0085 
0.012 
0.029 
0.0006 
0.0054 
0.0()o19 
0.0048 
0.0067 
0.0044 
0.0027 
0.0056 
0.0066 
0.0051 
0.0066 
0.0099 
oooeo 
0.0099 
0.0063 
0007.01 
0.0032 
0.0072 
0.OOS3 

0.0192 dscm 

RUN1·FB·MDL 
MOL MOL 

Anuorb TOTAL 
FB FB 

fl9 

0.060 
00043 
0.0055 
00055 
000<. 
0 .0065 
0 .0078 
0032 

0.0077 
0 .0096 
0 .0089 
0 .0042 
0 .0034 
0 .0043 
0 .0038 
0.0039 
000<' 
0.0060 
0005-4 
0.0057 
0016 

0.0039 
0.006-4 
00059 
00064 
0.007-4 
0.0052 
0.003-4 
0.0048 
O.OOSO 
0.0038 
00057 
0 .0045 
0 .0071 
0 .003-4 
0 .0039 
0003' 
00042 
0 .0032 
00041 
O.OIB 

0.0056 
0.0085 
0.012 
0.029 

00066 
00054 
0.0()..49 
0.0046 
00067 

0004' 
00027 
00056 
00066 
00051 
00056 
0.0099 
0 .0080 
0 .0099 
0 .0063 
0 .007 .. 
0 .0032 
00072 
00053 

... 9 

0.120 
0.0086 
0.0110 
0.0110 
0.0086 
0.0130 
0.0156 
0.064 

0.01s.. 
0 .0192 
0 .0178 
0.00&4 
0.0068 
0.0086 
0,0078 
0.0078 
0.0092 

.0.0120 
00108 
0.011-4 
0.032 

0.0078 
0.0128 
0.0118 
0.0128 
0.01-48 
0.010-4 
0.0068 
0.0096 
0 .0100 
0.0076 
0.011-4 
0.0090 
0.0142 
0 .0068 
0 .0078 
00078 
0 .008.01 
0.0064 
0 .ooB2 
0.036 
0.0116 
00170 
002-4 
o OS8 

0.0132 
0.0108 
0.0098 
0.0092 
0.0134 
0.0088 
0.0054 
0.0112 
0.0132 
0.0102 
0 .0112 
0 .0198 
0.0160 
00198 
00126 
001.018 
00064 
001-4-4 
00106 



Acetone 
Benzene 

FIle Name. 
Clrcnl: 
loca~on: 

Run Number: 
Sample location: 

Bromobenzene 
Bromochloromelhane 
Bromoolchloromelhane 
8romoform 
Btomomeltlelle 
2·8ulanooe (MEK) 
n.8ulylbenzene 
sec-Butylbenzene 
terl.Butylbenzene 
Carbon Disulrlde 
Carbon Telrachloride 
Chlorobenzene 
Chlorodibromomelhane 
Chloroelhane 
Chloroform 
Chloromethane 
2·Chlorololuene 
" ·ChIomIoIuene 
1,20lbromo-J-dlloropropane 
l ,2·Dlbromoelhane 
Oibromomelhane 
l,2·Dichlorobeozene 
1.J..Dichtorobet'lZene 
l ,4·Dichlorobenzene 
Dlchlorodlnuoromelhane 
l,1·Dlchloroethane 
l ,2·Dlchloroeth8tU!i 
ds·l ,3·0ichlomeUleoe 
Irans·l,3·Di!:hloroethene 
1.1·Dlchloroelhene 
1.2.Dlchloropropane 
, .3·Otchloropropane 
2,2·O,chloropropane 
ci&o',3·Dichloropropene 
trans·l,3-Dichlotopropene 
1.1.DichIoropropene 
Elhylbeozene 
Hexad\lorobuladlene 
2·Hexanone 
Isopropylbenzene 
p.[sopropylloluene 
Melhylene Chloride 
• • Melhyt·2·PenUmone (MiBK) 
Naphalene 
n·Ptopylbenzene 
Styrene 
1.1 ,1,2· Teltactlloroetllana 
1.1 ,2,2-Telrachloroelhane 
Tetrachloroethane 
Toluene 
1.2,3· Trlctdorobenzene 
1.2,4· Trichlorobenzene 
1.1,1· Trichloroelhane 
1.1.2·Tnchloroe\hane 
Ttlchlomelhene 
Trk.hloronuoromethlna 
1.2.3·Trichloroptcpane 
1.2,4-Tnmelhylbenzene 
1.3,5-7nmelhylbenzene 
VInyl Chtorille 
m· & p·Xylenes 
o-XyJene 

DATA INPUT PAGE 
VOLA nLE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-OO1\PX (gI CTl M0031 
Parametrix @ City of Tacoma landfill 
Tacoma, Washington 
2. 
PerennIal #1 landfill Gas COITIbuster Dollel 

RUN 2A· RESULTS 
Tenal( Tube 

2. 
Ug 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.0072 J 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

1.2 
o 
o 
o 
o 
o 
o 
o 

0.0028 J 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Anasoro Tube 
2A 
u9 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.064 
o 
o 
o 
o 
o 
o 
o 
o 

0.062 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.020 j 

o 
o 
o 
o 
o 
o 
o 

0.0070 J 
o 
o 
o 
o 
o 

0.020 J 
o 
o 
o 
o 
o 
o 

Sample Date: 7120107 
Sampte Time: 831 _ 911 
Lab Numbe~: 4514 

RUN 2A - REPORTING LIMIT (RL) 
Tenal( AnBSorb TOTAL 

2A 2A 2A 

0.10 
0 .010 
0.010 
0.025 
0.010 
0025 
0.050 
0.10 

0.010 
0.010 
0.010 
0010 
0.010 
0.010 
0 .025 
OOSO 
0010 
0.050 
0.010 
0.010 
0.050 
0.025 
0.Q25 
0.010 
0.010 
0 .010 
0.025 
0.010 
0 .010 
0 .010 
0.010 
0.010 
0.010 
0 .010 
0010 
0.010 
0.010 
0.010 
0 .010 
0.025 
0.10 

0.010 
0010 
0,025 
0.10 
0025 
0.010 
0.010 
0.010 
0.025 
0.010 
0,010 
0.025 
0.025 
0.025 
0.025 
0.010 
0050 
0.025 
0.010 
0.010 
0.010 
0.020 
0.010 

l-I9 
010 

0.010 
0 .010 
0 .025 
0 .010 
0 025 
0 .050 
0.10 

0.010 
0.010 
0 .010 
0 .010 
0 .010 
0 .010 
0025 
OOSO 
0010 
0.050 
0.010 
0010 
OOSO 
0.025 
0 .025 
0 .010 
0 .010 
0010 
0.025 
0.010 
0010 
0 .010 
0.010 
0.010 
0.010 
0010 
0010 
0 .010 
0 .010 
0010 
0010 
0.025 
0 .10 

0 .010 
0.010 
0.025 
0.10 

0.025 
0 .010 
0 .010 
0 .010 
0025 
0.010 
0 .010 
0 .025 
0 .025 
0 .025 
0 .025 
0 .010 
0 .050 
0025 
0010 
0 .010 
0 .010 
0020 
0 .010 

l-I9 
020 

0 .020 
0 .020 
0.050 
0 .020 
OOSO 
0 .100 
0 .200 
0.020 
0 .020 
0 .020 
0 .020 
0.020 
0 .020 
O.osa 
0100 
0020 
0.100 
0 .020 
0.020 
0100 
O.osa 
O.osa 
0020 
0 .020 
0 .020 
0.050 
0 .020 
0 .020 
0020 
0020 
0.020 
0 .020 
0020 
0.020 
0020 
0 .020 
0 .020 
0020 
OOSO 
0200 
0 .020 
0 .020 
0.050 
0 .200 
0 .050 
0020 
0 .020 
0020 
0.050 
0 .020 
0.021 
0 .050 
O.osa 
OOSO 
OOSO 
0 .020 
0.100 
0.050 
0.020 
0 .020 
0020 
0040 
0020 

Sample Volume : 00195 dscm 
Airflow: 10933 dscfm 

RUN 2A • MINIMUM DETECTION LIMIT (MOL) 
Tenu. Anasorb TOTAL 

2A 2A ZA 

Po 
0 .060 

0 .0043 
0.0055 
0.0055 
0 .0044 
0 .0065 
0 .0078 
0 .032 

0.0077 
0.0096 
0 .0089 
0 .0042 
O.OOJ.tl 
0 .0043 
0 .0039 
0 .0039 
0.0046 
O.OOGO 
0 .0054 
0 .0057 
0016 
00039 
0.0064 
0 .0059 
0.0064 
0.0074 
0.0052 
0 .0034 
0 .0046 
0 .0050 
0 .0038 
0 .0057 
00045 
00071 
0.0034 
0.0039 
0.0039 
0.0042 
0 .0032 
0.0041 
0.018 

0 .0058 
Oooa5 
0.012 
0 .029 

0.0066 
0 .0054 
0 .0049 
0.0046 
0.0067 
0.0044 
0.0027 
0.0056 
0 .0066 
0.0051 
00056 
0.0099 
0 .0080 
0 .0099 
00063 
00074 
0 .0032 
0 .0072 
00053 

0060 
0 .00<13 
0 .0055 
00055 
0004. 
0 .0065 
0 .0078 
0 .032 

0 .0077 
0 .0096 
0 .0089 
00042 
00034 
00043 
0 .0038 
0 .0039 
00046 
0.0060 
00054 
0 .0057 
0 .016 

0 .0039 
0 .0064 
0 .0059 

0006' 
00074 
0.0052 
O.OOJ.tl 
0 .0048 
OOOSO 
0 .0038 
0 .0057 
0 .0045 
00071 
0 .0034 
0 .0039 
0 .0039 
000<2 
00032 
0 .0041 
0018 

0 .0058 
0.0085 
0.012 
0 .029 

0 .0066 
00054 
0.0049 
0 .0046 
0.0067 
00044 
0.0027 
00056 
00066 
0.0051 
0 .0056 
0 .0099 
0.0080 
00099 
0 .0063 
00074 
0 .0032 
0.0072 
0 .0053 

1-19 
0120 

0.00II6 
0.0110 
0.0110 
0 .0088 
0 .0130 
0 .0156 
0.064 

0.0154 
0 .0192 
0 .0178 
0.0084 
0.0068 
0.0086 
0 .0076 
0 .0078 
0.0092 

00.0120 
0.0108 
0 .0114 
0032 
o (Xl78 
0.0128 
0 .0118 
0 .0128 
00148 
0.0104 
0.0068 
0 .0096 
00100 
00076 
0.0114 
00090 
00142 
00068 
00078 
00078 
0 .!XJ8.4 
0 .0064 
00082 
0036 

00118 
00170 
0.024 
0.058 
00132 
0.0108 
0 .0098 
0.0092 
0.0134 
0.0088 
0.0054 
0.0112 
0.0132 
00102 
00112 
00198 
O.O'iO 
0.0198 
00126 
0.0148 
0.0064 
00144 
00106 



Acetone 

Fde Name" 
Client: 
location" 
Run Number: 
Sample Location: 

Bantana 
Bromobenzene 
Bromochloromethane 
Bromodichloromelhane 
Bromororm 
Bromomelhane 
2·8ulaoooe (MEK) 
n.8utylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon Disulfide 
Carbon Tetrachloride 
Chlombenzene 
Chlorodibromome!hane 
Chloroelhane 
Chloroform 
Chloromethane 
2·Chlorololucne 
<!·Chlorololuene 
1,2 Olbromo-J.chloropropane 
1,2-Dibromoelhane 
Olbromomelhane 
1.2-Dichlorobenzene 
1,3-Dichlorobenzene 
l,4-Dichlorobenzene 
Dlchlorodlnuoromethan. 
l,l-Dlchloroelhane 
l,2-Dichloroelhane 
cis-1,3-Dichloroelhene 
trans-1,3-Dichloroelhene 
l,1-Dichloroelhene 
l,2·Dichloropropane 
1,3-Dichloropropane 
2,2·Dichloropropane 
Cls-l.3·0ichloropropene 
Irans-l,3-Dichlompropene 
1.1-Dichloropropene 
Ethylbenzene 
Hexectllorobutadiene 
2-Hexanone 
Isopropytben;zene 
p.lsopropyttoluene 
Methylene Chloride 
4.Melhyl.2.Pentanone (MI8K) 
Naphalene 
n·Propylbenzene 
Styrene 
1.1.1.2-Tetrachloroethane 
1.1.2.2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1.2,3· Trichlorobenzene 
1,2.4·Trichlorobenzene 
1,1.1-Trichloroethane 
1.1,2-Trichloroethane 
Trichloroethene 
Trlchloronuoromelhane 
1.2,3· Trichloropropane 
1.2.4-Trimethylben;zene 
1,3,5.Trimethylben;zene 
Vinyl Chlonde 
m· & p.Xylenes 
o-Xylene 

/3/ 
DATA INPUT PAGE 

VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

B752·001\PX @CTLM0031 
Pararnelrix@CltyofTacomaLandfili 
Tacarne. Washington 
28 
Perennial #1 landfill Gas Combuster Ouoet 

RUN 28 • RESULTS 
Tanax Tube 

2. 
IJR 

o 
0.77 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.0035 J 
o 
o 
o 
o 

0.017 J 
o 
o 
o 
o 
o 
o 

0.0058 J 
0.038 

o 
o 
o 
o 
o 

0.013 J 
o 
o 
o 
o 

0.0093 J 
o 

Anasorb Tube 
2. 

ug 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.044 J 
o 
o 
o 
o 
o 
o 
o 
o 

0.035 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

O.OOU J 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Sample Date; 7/20107 
Sample TIme: 926 -1006 
lab NUmbel'3: .. 515 

RUN 28. REPORT1NG LIMIT (RL) 
Tenax Anasorb TOTAL 

2B 28 28 
lJ9 

0.10 
0.010 
0.010 
0.025 
0.010 
0.025 
0050 
0.10 

0.010 
0.010 
0010 
0010 
0.010 
0.010 
0.025 
0.050 
0.010 
0.050 
0.010 
0.010 
0.050 
0.025 
0.025 
0.010 
0.010 
0.D10 
0.025 
0.010 
0.010 
0.010 
0.010 
a 010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.025 
0.10 

0.010 
0.010 
0.025 
0.10 

0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.025 
0.025 
0.025 
0.025 
0.010 
0.050 
0.025 
0010 
0.010 
0.010 
0.020 
0.010 

0.10 
0.010 
0010 
0,025 
0.010 
0.025 
0.050 
0.10 

0.010 
0.010 
0.010 
0.010 
0010 
0.010 
0.025 
0.050 
0.010 
0.050 
0.010 
0.010 
0.050 
0.025 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0010 
0010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
a 010 
0.010 
0025 
0.10 

0.010 
0.010 
0025 
0.10 

0.025 
0.010 
0,010 
0.010 
0025 
0.010 
0.010 
0.025 
0.025 
0025 
0025 
a 010 
0.050 
0025 
0.010 
0.010 
0.010 
0.020 
0.010 

020 
0.020 
0020 
0.050 
0.020 
0050 
0100 
0200 
0.020 
0.020 
0.020 
0020 
0020 
0.020 
0050 
0.100 
0020 
0.100 
0020 
0020 
0100 
0.050 
0.050 
0.020 
0.020 
0.020 
0.050 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0020 
a D20 
0020 
0.020 
0.020 
0.020 
0.050 
0.200 
0.020 
0.020 
0.050 
0200 
0.050 
0.020 
0.020 
0.020 
0.050 
0.020 
0.021 
0.050 
0050 
O.osa 
0050 
0020 
0.100 
0.050 
0.020 
0020 
0020 
0.040 
0020 

Sample Volume' 
Airflow: 

00193 dscm 
10933 dscfm 

RUN 28- MINIMUM DETECTION LIMIT (MOL) 
Tenax Anasorb TOTAL 

28 28 28 

pg 
0.060 

0.0043 
0,0055 
0.0055 
0.0044 
0006' 
0007B 
0.032 

0.0077 
0.009<l 
0.0089 
00042 
00034 
0.0043 
0.0038 
00039 
0.0046 
0.0060 
0.0054 
0.006 
Om6 
00039 
00064 
0.0059 
0.0064 
0.0074 
0.0052 
0.0034 
0004' 
0.0050 
0.0038 
0.0057 
0,0045 
0.0071 
00034 
00039 
00039 
0.0042 
0.0032 
0.0041 
0.018 
00058 
000B5 
0,012 
0.029 

0.001i6 
00054 
0.0049 
0.0046 
00067 
0,0044 
0,0027 
0.0056 
0.0066 
0.0051 
0.0056 
0.0099 
0.0080 
0.0099 
0.0063 
0.0074 
00032 
0.0072 
0.0053 

119 
0.060 

0.0043 
0.0055 
0.0055 
0.0044 
0.0065 
0.0078 
0.032 

0.0077 
00096 
0.0089 
0.0042 
0.0034 
0.0043 
0.0038 
0.0039 
0.0046 
0.0060 
00054 
0006 
0016 
0.0039 
0.0064 
0.0059 
0.006< 
0.0074 
0,0052 
0.0034 
0.0048 
O.oosa 
0.0038 
0.0057 
0.0045 
0.0071 
0.0034 
0.0039 
0.0039 
0.0042 
00032 
00041 
0018 

0.0058 
00085 
0012 
0.029 
00066 
00054 
00049 
00046 
o 0067 
00044 
0,0027 
00056 
0.0066 
0.0051 
0.0056 
0.0099 
0.0080 
0.0099 
00063 
00074 
00032 
0.0072 
Q 0053 

119 
0.120 
0,0086 
00110 
0.0110 
0.0088 
0.0130 
0.0156 
0.064 
0.0154 
0.0192 
0.0178 
00084 
00068 
0.0056 
0.0076 
0.0078 
0.0092 
0.0120 
0.0108 
0.011 
0.032 

0.0078 
0.0128 
0.0118 
00128 
0,0148 
0.0104 
00068 
00096 
00100 
00076 
0.0114 
0.0090 
0.0142 
0.0068 
0.0078 
0.0078 
000B4 
0,001i4 
0.0082 
0.036 
0.0116 
0.0170 
0.024 
0058 

0.0132 
0.0108 
0.0098 
0.0092 
00134 
0.0088 
0.00S4 
00112 
00132 
0.D102 
0.0112 
0.0198 
0,0160 
0.0198 
0.0126 
0.014B 
0.0064 
0.0144 
0.0106 



Acetone 

File Name: 
Client. 
locatIOn. 
Run N;Jmber. 
Sample localloo: 

Benzene 
Bromobenzene 
Bromochloromelhane 
Btomodic.htaromeLhane 
8'0m010flll 
8romornelhane 
2·Butanane (MEK) 
n.Butylbenzene 
se<;·Butylbenzene 
tert.8utyibenzeoe 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chlorodibromomelhane 
Chloroelhane 
ChkKolonn 
Chloromethane 
2·Chlom1o!tJene 
4·Chlorolaluene 
1.2 Dtbromo-3-chloropmpane 
1,2·Dlbmmoethane 
Dibromomelhane 
1.2·Dichlorobenzene 
1,3·Dichlorobenzene 
l,.·Dichlorobenzene 
Olchlorodinuaromelhlilne 
l,l·Dlchloroelhane 
1.2·Dlchloroelhene 
cis· 1 ,3·Dict"llomelhene 
lrans-l,3-0Idlloroelheoe 
1.1·[)ichloroethene 
1.2-0ichloropropane 
, .3-0Ichloropropane 
2.2-0JchIOropropane 
Cl5·1,3- Dichloroprapene 
trana·l ,3-0ichtompropene 
1.1·Dlc.hIoropropene 
Elhylbenzene 
HelladllOC"obutadiene 
2·HeKanone 
Isopropylbenzene 
p·lsopropyUoluene 
Methylene Chloride 
4·Methyl-2-Penlanone (MiBK) 
Nl)phalene 
n-PropyJbenzene 
Styrene 
1,1 1,2-Tetrachloroethane 
1,1 .2.2-Tetrachloroethane 
Tellachlatoelhene 
Toluene 
1.2.3-Tnchloraberuene 
1.2.04 ·Trichlorobenzene 
l ,l .l ·Trichloroethane 
1.1,2·Trichloroethane 
Trlehloroelhene 
Trlchloronuoramethanlt 
1.2.3·Trichloropropane 
1.2.4-Trimelhylbenzene 
1,3.5· Tnmethylbenzene 
V,nyl Chlonde 
m· & p-Xylene5 
a·Xylene 

I 2 
DATA INPUT PAGE 

VOLA TILE ORGANIC COMPOUNDS 
AMTEST AIR QUALlTY,A DIVISION OF HOEFLER CONSULTING GROUP 

87S2.001\PX@ellM0031 
Parametrix@ CHy or Tacoma Landnll 
Tacoma, Washlnglon 
2C 
Perennial #1 landfill Gall Combuster OuUel 

RUN 2C • RESULTS 
Tan.x Tube 

2C 
U9 

o 
0.16 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.062 
o 
o 
o 
o 
o 
o 
o 

0.012 
o 
o 
o 
o 
o 

0.00B7 J 
o 
o 
o 
o 
o 
o 

AnasortJ Tube 
2C 

119 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.0(5 J 
o 
o 
o 
o 
o 
o 
o 
o 

0.030 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.0052 J 
o 
o 
o 
o 
o 

0.020 
o 
o 
o 
o 
o 
o 

J 

Sample Dale: 7/20/07 
Sample TIma: 1028· 110B 
Lab Number!: 04516 

RUN Ie • REPORTING LIMIT (RL) 
loon; AnlSam TOTAL 

2e 2e ze 
Llq 

0.10 
0.010 
0.010 
0.025 
0010 
0 .025 
ooso 
0.10 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0025 
0.050 
0.010 
0 .050 
0.010 
0.010 
o OSO 
0.025 
0.025 
0.010 
0.010 
0 .010 
0.025 
0 .010 
0 .010 
0.010 
0.010 
0010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0025 
010 

0 .010 
0010 
0,025 
0.10 

0.025 
0.010 
0.010 
0.010 
0.025 
0010 
0.010 
0 .025 
0.025 
0.025 
0.025 
0.010 
0.050 
0.025 
0.010 
0.010 
0.010 
0020 
0 .010 

JJ9 
0.10 

0 .01 0 
0010 
0025 
0 .010 
0025 
OOso 
0.10 

0 .010 
0 .010 
0.010 
0 .010 
0 .010 
0010 
0025 
OOSO 
0010 
0.050 
0010 
0 .010 
0 .050 
0025 
0.025 
0 .010 
0 .010 
0 .010 
0.025 
0 .010 
0 .010 
0.010 
0 .010 
0.010 
0 .010 
0.010 
0 .010 
0 .010 
0010 
0010 
0 .010 
0.025 
0 .10 

0 .010 
0010 
0.025 
0.10 

0.025 
0.010 
o OlD 
0010 
0 .025 
0010 
0.010 
002' 
0025 
0025 
0 .025 
0010 
0.050 
0.025 
0010 
0 .010 
0.010 
0020 
0 .010 

020 
0.020 
0 .020 
OOSO 
0.020 
0 .050 
0 .100 
0.200 
0.020 
0.020 
0 .020 
0.020 
0.020 
0.020 
0 .050 
0 .100 
0.020 
0.100 
0020 
0020 
0100 
0.050 
0.050 
0.020 
0 .020 
0.020 
0.050 
0 .020 
0020 
0020 
0.020 
0020 
0020 
0020 
0.020 
0020 
0.020 
0 .020 
0 .020 
0 .050 
O.ZOO 
0 .020 
0020 
0.050 
o ZOO 
0.050 
0020 
0020 
0020 
o OSO 
0020 
0.021 
OOSO 
o OSO 
o OSO 
o OSO 
0020 
0.100 
OOso 
0020 
0020 
0020 
0040 
0020 

Sample Volume: 0.0197 dscm 
Airflow. 10933 dsdm 

RUN 2e • MINIMUM DETECTION LIMIT (MDLI 
r.nax Anuorb TOTAL 
Ie 2e 2e 
Hg 

0.060 
0.00043 
0.0055 
0 .0055 
0.00404 
0.0065 
0.0078 
0 .032 
0.0077 
0.0096 
0.0089 
0.0042 
0.0034 
0.0043 
0.0038 
0.0039 
0 .0046 
0 .0060 
00054 
00057 
0.016 
00039 
0.00604 
00059 
0.0064 
0.0074 
0.0052 
0 .1lO3< 
0 .0048 
0.0050 
0.0038 
0.0057 
000<' 
00071 
00034 
00039 
0 .0039 
0.0042 
0 .0032 
0 .0041 
0 .018 
0.0058 
0.0085 
0.012 
0.029 
0.0086 
0 .0054 
0.00049 
00046 
0.0067 
0 .00404 
0.0027 
0.0056 
0.0066 
0.0051 
0.0056 
0.0099 
O.OOBO 
00099 
0.0063 
0.00704 
0.0032 
0 .0072 
00053 

!l9 
0060 
00043 
00055 
00055 

000<' 
0 .0065 
0 .0078 
0032 

00077 
00096 
00089 
0 .0042 
00034 
00043 
00038 
00039 
001)46 
0.0060 
00054 
00057 
0 .016 

0 .0039 
0 .OOG4 
00059 
0 .0064 
0007-4 
0 .0052 
0 .003-4 
0 .0048 
OOOSO 
00038 
o DOS7 
00045 
00071 
000304 
00039 
000:]9 
00042 
00032 
00041 
0018 
00058 
00065 
0012 
0029 

00060 
00054 
00049 
00046 
0 .0007 
0 .0044 
0 .0027 
0 .0056 
00066 
00051 
0.0056 
00009 
O.OOBO 
0 .0099 
0 .0063 
00074 
0 .0032 
OOC172 
00053 

U9 

0.120 
0.0086 
0.0110 
0.0110 
0 .0088 
00130 
0.0156 
0 .064 

0.0154 
00192 
0.0178 
0.0064 
0.0068 

0008" 
00076 
0 .0018 
00092 
p.01Z0 
00108 
0.0114 
0.032 

0.0078 
0.012B 
0.0116 
0.012B 
0.014B 
0.010. 
0 .0068 
00096 
0.0100 
00076 
0.0114 
0.0090 
0.01.42 
0.0068 
0.0078 
0.0078 
0 .0084 
0.006< 
0 .0082 
0.036 
0.D116 
0.0170 
0.024 
0.058 

0.0132 
0.0108 
0.0098 
00092 
001304 
0.0088 
0.00~ 

00112 
0.0132 
0.0102 
0.0112 
0.0198 
0.0160 
0.0198 
0.0126 
0 .01~8 

00064 
00l~4 

0 .0106 



Acetone 
Benzen. 

File Name: 
Client: 
Location: 
Run Number 
Sample localion: 

Bromobenlene 
Bromochloromethen8 
Bromodich\oron'lelhane 
Bromolorm 
Bromomethane 
2·Bulanone (MEK) 
n.Butylbentene 
sec·Butylbenzene 
!eft·Butylbenlene 
Carbon Oi!Ulllde 
Carbon Teltachk)ride 
Chlorobem:ene 
Chlorodibromomethene 
ChloroeLhane 
Chlorororm 
Chloromethlne 
2·Chloro\oluene 
4·Chlorololuene 
1,20Ibromo-3-chloropropane 
1,2·0ibromoelhpne 
Dlbromomelhane 
1,2·0id1lornben.tene 
1,3·0ichlorobentene 
1,4-0Ichlornbentene 
Dlchlorodlnuoromethlne 
1,l ·Dichlornelhane 
1,2·Dlchl0r0elhane 
as·, ,J.Dlchloroelheoe 
IIanS· ',3·Dichloroelhene 
' ,I·OktIlomelhene 
1.2.0ichIOfopropane 
1.3·Ok.htOfOpropane 
2,2.OichIoropropane 
cis-l ,J.DtchIoropropene 
lranS-l ,3·Dichklropropene 
1.1-OicNoropropene 
Elhy\benzene 
Hexachloroboladieno 
2·Hexanone 
Isopropylbenzene 
p.lsopropylloluene 
Methylene Chlorido 
<4.Melhyt·2·Penlanone (MiBK) 
Naphalene 
n·Propylbentena 
Styrene 
1,1,' .2-TeltaChlort>ethan. 
1,1,2,2-Toltachloroelhane 
TelrBchloroathene 
Toluene 
1.2,3· Trichlorobenzene 
1.2,'" Trichl0r0benzane 
l,l .1·Trich1oroeIhaoe 
1,1,2·Tricr..oroethane 
Trid\!Of'oe\hene 
TrichloronUOfomethane 
1.2.3·Trichloroprop8MI 
1.2.<4.Trimelhylbenzene 
1 ,3.5-Trimelhyltlenzene 
Vinyl Cl\Ionde 
m· & p·Xylenes 
o·Xyll!ne 

I)J 

DATA INPUT PAGE 
VOLATltE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY. A OMStON OF HOEFLER CONSULnNG GROUP 

8752.001\Px@crlM0031 
Parametnx@ City 01 Tacoma landfin 
TacomB, Wsshinglon 
3A 
Perennial #1 landfill Gas Combusler Outlet 

RUN 3A.· RESULTS 
lena.: Tube 

3' 
P9 
o 

0.89 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.021 
o 
o 
o 
o 
o 
o 
o 

0,023 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

J 

Anasorb Tuba 

3' 
119 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.030 J 
o 
o 
o 
o 
o 
o 
o 
o 

0.033 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0,018 J 
o 
o 
o 
o 
o 
o 
o 

0.0067 J 
o 
o 
o 
o 
o 

0.087 
o 
o 
o 
o 
o 
o 

Sample Dale: 
Sample Time: 
lab Number:!' : 

1fl0l07 
1138·1218 
<4517 

RUN lA • REPORTING LIMIT (Rl) 
lenn Anll!lorb TOTAL 

3A 3A 3A 

pH 
0.10 

0.010 
0.010 
0.025 
0.010 
0.025 
O.osa 
0.10 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.025 
0.050 
0.010 
0.050 
0.010 
0010 
OOSO 
0025 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.010 
0 .010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0025 
010 

0.010 
0.010 
0.025 
0.10 
0025 
0.010 
0.010 
0010 
0.025 
0.010 
0.010 
0.025 
0.025 
0.025 
0025 
0.010 
0.050 
0025 
0.010 
0.010 
0.010 
0.020 
0.010 

... 9 

0.10 
0.010 
0.010 
0.025 
0.010 
0025 
O.osa 
0.10 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0025 
0.050 
0.010 
0.050 
0.010 
0.010 
0.050 
0.025 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0010 
0010 
0.010 
0.010 
0025 
0.10 

0.010 
0.010 
0.025 
0.10 

0.015 
0.010 
0.010 
0.010 
0.025 
0.010 
0.010 
0.025 
0.D25 
0.025 
0.025 
0010 
0.050 
0.025 
0.010 
0.010 
0.010 
0.020 
0.010 

... 9 

0.20 
0.020 
0020 
OOSO 
0020 
o.osa 
0100 
0200 
0.02() 
O.O2() 
0.020 
0.020 
0.020 
0.020 
0.050 
0.100 
0.020 
0.100 
0.020 
0.020 
0.100 
0.050 
0.050 
0020 
0.020 
0.020 
0.050 
0020 
0.020 
0020 
0020 
0020 
0020 
0.020 
0.020 
0.020 
0.020 
0020 
0.020 
0.050 
0.200 
0.020 
0010 
0.050 
0200 
OOSO 
0.020 
0.020 
0.020 
0050 
0020 
0.021 
a OSO 
a oso 
a oso 
0 .050 
0.020 
0.100 
0.050 
0.020 
0.010 
0020 
0 .040 
0020 

Sa~Volume: 0 .0199 
10551 

d""" 
d>elm Airflow: 

RUN 3A • MINIMUM DETECTlON LIMIT (MOl) 
lenn Anasorb TOTAL 

3A 3A 3A 

IJR 
0.080 

0 ,0043 
0.0055 
0 .0055 
0.004-4 
0.0065 
0 .007B 
0.032 

0 .0077 
OJ)09B 
0 .0089 
0.0042 
0.003-4 
0.0043 
0 .0038 
0.0039 
000<. 
0 .0060 
0.005-4 
0 .0057 
0.016 

0 .0039 
0.006<4 
0 .0059 
0.0064 
0.0074 
0.0052 
0.003-4 
0.0048 
0.0050 
0.0038 
0.0057 
0.0045 
00071 
0 .003-4 
0000. 
0.0039 
0.00-42 
0.0032 
0.0041 
0.018 

0.0058 
0.0085 
0.012 
0 .029 
0.0066 
0.00&4 

o ""'. 
000<48 
00067 

0""" 
0 ,0027 
0 .0056 
0.0066 
0.0051 
0 .0056 
0 .0099 
0 .0080 
0 .0099 
0 .0063 
0.007-4 
0.0032 
0.0072 
0.0053 

"'9' 
0060 

0.00-43 
0.0055 
0.0055 

0""" 
0.0065 
0.0078 
0.032 
o.oon 
0.0096 
0.0069 
OJJO"2 
0.003< 
0.0043 
0.0038 
0.0039 
0.0046 
0.0060 
0.005-4 
0.0057 
0.D16 

0.0039 
0.006-4 
0.0059 
0 .0064 
0007-4 
0.0052 
0.003" 
0.0046 
0.0050 
0 .0038 
0.0057 
0 .00<45 
0 .0071 
0.0034 
0003' 
00039 
00042 
0,0032 
0.0041 
0.018 

0.0058 
0.0065 
D.012 
0029 

0.0066 
0.0054 
000-49 
000-46 
00067 
000<44 
0.0027 
0.0056 
0 .0066 
0.0051 
0.0056 
0 .0099 
0.0080 
0 .0099 
0.0063 
0,007-4 
0,0032 
00072 
0 .0053 

119 
0.120 
0.0088 
0.0110 
0.0110 
0.0088 
0.0130 
0.0156 
0.064 

0.0154 
0.0192 
0.0178 
0.008< 
0 .0068 
0.00!I6 
0.0076 
0.0078 
0.0092 
0.0120 
0.0108 
0.0114 
0.032 

0.0078 
0.0128 
0.0118 
0.0128 
0.01<48 
0.0104 
00068 
0.0096 
0.0100 
0.0076 
0.01'4 
00090 
00142 
0 .0068 
0.0078 
0.0078 
0.001>4 
0.006" 
0 .00B2 
0036 

00116 
0.D170 
0.02-4 
0.05B 
0.0132 
0.010B 
0.0098 
00092 
0.0134 
0.0088 
0.0054 
0.0112 
00132 
00102 
00112 
0.0198 
0.0160 
0.0198 
0.0126 
0.0148 
0006< 
0.01<4-4 
0.0106 



DATA INPUT PAGE 

VOLATILE ORGANIC COMPOUNDS 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: B752-OO1\PX@CTLM0031 Sample Date: 7120107 Sample Volume: 00191 d,=
Client: Paramelrix@CityorTacomalendfilt Sample Time: 1232 -1312 Airflow: 10551 dscfm 
Location: Tacoma, Washingtoo Lab Numbers: 451B 
Run Number. 38 
Sample Locatloo: Perennial #1 Landfill Gas Combuster Oullet 

RUN 38 - RESULTS RUN 38 - REPORTING LIMIT (Rl) RUN 38 - MINIMUM DETECTION LIMIT (MOl) 
Tenax Tube 	 Anasorb Tube Tenax Anasorb TOTAL Tenn Anasorb TOTAL 

38 38 38 38 38 38 38 38 
1;19 1:19 1:19 P9 P9 

Acetone o o 0.10 0.10 020 0.060 0.060 0.120 
Benzene 0.37 o 0.010 0.010 0.020 0.00043 0.0043 0,0086 
Bromobenzene o o 0.010 0010 0.020 0.0055 0.0055 0.0110 
Bromochloromethane o o 0.025 0.025 0.050 0.0055 0.0055 0.0110 
Bromodichloromethane o o 0010 0.010 0020 00044- 0.0044 0,0088 
Bromoform o o 0.025 0.025 OOSO 0.0065 0.0065 0.0130 
Bromomethane o o OOSO OOSO 0.1(10 0.0078 0.0078 0,0156 
2-Bulanone (MEK) o o 0.10 0,10 0.200 0.032 0032 0064 
n-Butylbenzene o o 0.010 0.010 0.020 0.0077 00077 00154 
sec-Butylbeozene o o 0.010 0010 0.020 0.0096 0.0096 0.0182 
lert-Butylbenzene o o 0.010 0.010 0.020 0.0089 00089 0.0178 
Carbon Disumde o o 0010 0.010 0.020 0.0042 00042 0008-4 
Carbon Te\mchlortde o o 0.010 0.010 0.020 0.0034 00034 0006B 
Chlorobenzene o o 0.010 0.010 0020 0.0043 00043 00088 
Chlorodibromomelhane o o 0.025 0.025 0.050 0,003B 0.0038 0.0076 
Chloroelhene o o 0.050 O.osa 0100 0.0039 0.0039 0.007B 
Chloroform o o 0.010 0.010 0020 0.0046 00046 0.0092 
Chloromethane o 0.051 O.osa 0.050 0.100 0.0060 0.0060 0.0120 

2-Chlorololuene o o 0010 0.010 0.020 0.0054 00054 6.010B 

4-Chlorotoluene o o 0010 0.010 0020 0.0057 00057 0.0114 

1.2 Dibromo-3-diloropropane o o 0.050 O.osa 0100 0.016 0016 0.032 

1.2-Dibromoelhane o o 0.025 0,025 OOSO 0.0039 0.0039 0.0078 

Dibromomelhane o o 0.025 0.025 OOSO 0.0064 0.0064 0.012B 

1,2-Dlchlorobenzene o o 0.010 0.010 0020 0.0059 00059 0.011B 

l,3-Dlchlorobenzene o o 0010 0.010 0.020 0.0064 00064 0.012B 

l,4-Dlchlorobenzene o o 0.010 0.010 0020 0.0074- 00074 0.0148 

DlchlorodiHuoromelhll.ne o 0.025 0025 0.025 0.050 0.0052 0.0052 0.0104­
0.00681.1-0ichloroethane o o 0.010 0.010 0.020 0.0034 0.0034 

1.2-Dichloroelhane o o 0.010 0.010 0020 0.0048 00048 0.0096 

cis-1,3-Dichloroelhene o o 0.010 0.010 0020 0.0050 00050 0.0100 

trans-l,3-Dichloroelhene o o 0010 0.010 0.020 0.0038 00038 0.0076 
00057 	 0.01141,l-Dlchloroelhene o o 0.010 0.010 0.020 0.0057 

0.00901.2-Dichloropropane o o 0.010 0.010 0.020 0.0045 00045 

1.3-Dlchloropropane o o 0.010 0.010 0.020 0.0071 O.OCl71 0.0142 

2,2-Dichloropropane o o 0.010 0.010 0020 0.0034- 0.0034 0,0068 
0.0039 	 0.0078Cls-1 ,3-Dichloropropene o o 0.010 0.010 0020 0.0039 

trans-1,3-Dit:hloropropene o o 0.010 0.010 0.020 0.0039 00039 0.0078 

1.1-Dlchloropropene o o 0.010 0.010 0020 0.0042 00042 0.0084 

Elhylbenzene o o 0.010 0.010 0020 0.0032 0.0032 0.0064 

Hexachlorobuladiene o o 0.025 0.025 0.050 0.0041 0.0041 0.0082 

2-Hexanone o o 0.10 010 0.200 0.018 0.018 0036 

lsopropylbenzene o o 0.010 0.010 0.020 0.0058 0.0058 00116 

p·lsopropylloluene o o 0.010 0010 0.020 OQOBS 00085 00170 

Melhylene Chlortde o o 0.025 0.025 0.050 0.012 0.012 0.024 

4·Melhyl-2-Penlanone (MiBKl o o 0.10 0.10 0.200 0.029 0.029 0.058 

Naphalene o o 0.025 0.025 O.osa 0.0066 0.0066 00132 

n·Propylbenzene o o 0.010 0.010 0.020 0.0054 0.0054 0.0108 

0.0049 	 0.0098Styrene 	 o o 0.010 0.010 0.020 0.0049 
0.00921.1,1,2- TelrachlQfoethane o o 0.010 O.Oto 0.020 00046 0.0046 
0.01341,1,2,2-Tetrachloroethane o o 0.025 0.025 0.050 0.0067 0.0067 

Tetrachloroethene o o 0010 0.010 0.020 0.0044 0.0044 0.0068 

Tolulne 0.014 0.0029 J 0.010 0,010 0.021 0.0027 0_0027 	 0.0054 

, .2,3-Trtt:hlorobenzene o o 0.025 0.025 0.050 0.0056 0.0056 0.0112 

1.2,4-Trich!orobenzene o o 0.025 0.025 0.050 0.0066 0.0066 	 0.0132 
0.01021.1,l-Trichloroelhane o o 0.025 0025 0.050 0.0051 00051 

1,1.2-Trichtoroelhene o o 0.025 0.Q25 oOSO 0.0056 00056 0.0112 

Tnchloroethene o o 0.010 0.010 0.020 0009' 00099 00198 

OooBO 0.0160Trichloronuoromethll.ne o 0.034 J 0.050 0.050 0.100 	 0.0080 

1,2,3-Trichloropropane o o 0.025 0.025 O.osa 00099 0.0099 	 0.0198 
0.01261,2A-Trtmelhylbenzene o o 0.010 omo 0020 0.0063 0.0063 

1.3.5-Trtmelhylbenzene o o 0.010 0010 0020 0.0074 0.0074 0014B 

Vinyl Chlortde o o 0.010 0.010 0.020 0.0032 0.0032 00064 

m- & p-Xylenes o o 0.020 0.020 0040 0.0072 0.0072 00144 

o·Xylene o o 0.010 0.010 0020 00053 0.0053 0.0106 

http:Trichloronuoromethll.ne
http:DlchlorodiHuoromelhll.ne


Acetone 

File Name: 
Clienl: 
location. 
Run Number: 
Sample locebon: 

Benzene 
Bromobenzene 
Ekomochloromelhane 
810m0dichbomeihane 
Bromoform 
Bromomethane 
2·Bulanone (MEK) 
n·8utylbenzene 
sec.8utylbem:ene 
Icrt·Butylbentene 
Caft,on Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chlorndibromomethana 
Chloroelhane 
ChIOrof ... 
CMorometh.ne 
2·Chlorntoluene 
.... Chlomtoluene 
1,2 Dibromo-3.chloropropane 
1.2·Dibromoelhane 
Dibromomelhane 
1.2·Dlchlorobenzene 
1,3·DichJorobenzene 
1.4-Ok:hlorobenzene 
Dlehlorodinuoromelhane 
1 . 1 ·0icf1~ane 

1.2·Oichkwoe\hane 
CIS·' ,J·[]ichioroethene 
lrnns",3-Dichloroelhene 
1,1·[]lchloroethene 
1.2·Oichloropropane 
1,3·Dichloropropane 
2.2·Dlchloropropane 
CIS,' ,3·Dlchlaropropene 
tl80s.1.3·Dichloropropene 
1.1.0icIlIDfopropene 
Ethytbeflzeoe 
HexachforobutBdiene 
2·Hexomone 
Isopropylbenzene 
p.rSopropylloluene 
Methylene Chlonde 
4·Melhyl-2·Penlanone (I,.OBK) 
Nilphalene 
n.Propylbenzene 
Slyrene 
1.1.1,2·Tetrachloroelhane 
, .1.2,2· Tetrnt:h/Ofoelhane 
T eltactlloroelhelle 
Toluen, 
1,2.3-Trfchlorobenzelle 
1.2.4· Trfchlorobellzene 
',1.' ·Trichloroethane 
1,1,2· Trfchloroethane 
Trichloroethane 
TrichlorofTuoromethan. 
1.2,J.. Trichloropropane 
1.2.<1· Trimethylbenzene 
1.3.5-Trimethylbenzene 
VlOyt Chloride 
m. & p·Xylenes 
o·Xylene 

/35 
DATA INPUT PAGE 

VOLATlLE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-oo'\PX@CTLM0031 
Psramelrix@CityofTacomaLandliD 
Tacoma, Washington 
3C 
P~n""lM #1 LandT. Gas Combumr Oullel 

RUN 3C • RESULTS 
Tenn Tube 

3C 

1-19 
o 

0.99 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.022 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Anuom Tube 
3C 

Hq 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.034 J 
o 
o 
o 
o 
o 
o 
o 
o 

0.019 J 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.013 J 
o 
o 
o 
o 
o 
o 

Sample Date: 
Sample Time: 
Lab NumMrs: 

7/20/07 
1325·1405 
4519 

RUN 3C • REPORTING LIMIT CRl) 
Tenn Annorb TOTAL 

lC 3C 3C 

0.10 
0.010 
0.010 
0.025 
0 .010 
0 .025 
O.osa 
0.10 

0.010 
0.Q10 
0.010 
0.010 
0.010 
0.010 
0.025 
0 .050 
0 .010 
0.050 
0010 
0010 
0.050 
0.025 
0.025 
0.010 
0.010 
0.010 
0.025 
0.010 
0 .010 
0.010 
0.010 
0 .010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0 .025 
0 .10 
0010 
0.010 
0025 
0.10 
0.025 
0010 
0.010 
0.010 
0.025 
0 .010 
0,010 
0.025 
0 .025 
0.025 
0.025 
0.010 
o OSO 
0.025 
0010 
0.010 
0.010 
0020 
0010 

Hp 
0.10 

0 .010 
0.010 
0.025 
0.010 
0.025 
O.osa 
0.10 

0 .010 
0.010 
0.010 
0.010 
0.010 
0.010 
0 .025 
0.050 
0 .010 
0.050 
0.010 
0.010 
O.osa 
0025 
0.025 
0.010 
0 .010 
0 .010 
0.025 
0.010 
0.010 
0.010 
0 .010 
0 .010 
0.010 
0.010 
0.010 
0 .010 
0 .010 
0 .010 
0 .010 
0 .025 
0 .10 
0010 
0.010 
0.025 
0.10 

0.025 
0.010 
0 .010 
0.010 
0.025 
0.010 
0.010 
0.025 
0.025 
0025 
0025 
0.010 
0.050 
0 .025 
0 .010 
0 .010 
0 .010 
0.020 
0.010 

1-19 
0.20 

0.020 
0.020 
0.050 
0020 
0.050 
01<)0 

0200 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.050 
0.100 
0020 
0,100 
0 .020 
0 .020 
0.100 
0.050 
0.050 
0020 
0020 
0 .020 
0.050 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0020 
0.020 
0020 
0.020 
0020 
0020 
0050 
0.200 
0 .020 
0 .020 
0.050 
0200 
o OSO 
0.020 
0.020 
0.020 
o OSO 
0.020 
0.021 
0.050 
0.050 
0.050 
O.osa 
0020 
0.100 
0.050 
0.020 
0 .020 
0.020 
0.040 
0 .020 

Sample Volume: 
AIr11ow: 

3C 

1-1 9 

0060 
0.00,(3 
0 .0055 
0.0055 
0 .004.( 
0.0065 
0.0078 
0.032 

0 .0077 
0 .0096 
0.0089 
0.0042 
0 .0034 
0 .0043 
0.0038 
0 .0039 
0 .0048 
0 .0060 
0 .0054 
00057 
0 .016 

0.0039 
O.O()6.4 
0.0059 
0.006< 
0.0074 
0.0052 
0 .0034 
0 .QO.t8 
0.0050 
0.0038 
0.0057 
0 .0045 
0.0071 
0.0034 
0.0039 
0.0039 
0 .0042 
0 .0032 
0.0041 
0.Dl8 
0.0058 
0.0085 
0.012 
0.029 
00066 
0.0054 
0.0049 
00046 
00067 

0004' 
0.0021 
0 .0056 
0 .0066 
0.0051 
0.0056 
0.0099 
0.0080 
0.0099 
0.0063 
0.0074 
0.0032 
0 .0072 
0 .0053 

0 .019<1 
10551 

3C 

1-19 
O.OBO 
00043 
0 .0055 
0 .0055 
0 .0044 
0 .0065 
0 .007! 
0 .032 

0 .0077 
0 .0098 
0 .0De9 
0.0042 
0 .0034 
0.0043 
0.0038 
0 .0039 
0 .0046 
0.0060 
0.005-4 
0 .0057 
0 .016 
0 .0039 
O.OOS<! 
0.0059 
0.0064 
0 .0074 
0.0052 
0.0034 
0 .0048 
0 .0050 
0 .0038 
0 .0057 
0.0045 
0.0071 
0.0034 
0 .0039 
0.0039 
00042 
0.0032 
0 .0041 
0 .018 
0 ,0058 
0 .0085 
0012 
0 .029 

0.0066 
0 .0054 
0 .0049 
0 .0046 
0 .0067 
0004' 
0 .0027 
0 .0058 
0.0066 
0 .0051 
0 .0056 
0.0099 
0.0080 
00099 
0.0063 
0 .0074 
00032 
0 .0072 
0 .0053 

d,,", 
d!lcfm 

) I 

3C 

1-19 
0120 
0.008S 
0.0110 
om 10 
0.0088 
0 .0130 
0.0156 
0064 
0.0154 
0.Q192 
0.0178 
0.008< 
0.0068 
0.0088 
0.0076 
0.0078 
0.0092 
0.0120 
O.C)108 
0 .0114 
0.032 

0.0078 
0.0128 
0.0118 
0.0128 
0.0148 
0.0104 
0 .0068 
0.0096 
00100 
0.0076 
00114 
0.0090 
0.01<12 
00068 
0.0078 
00078 
0.0084 
0.0064 
0 .0082 
0 .036 
0.0116 
0.0170 
0.024 
0058 

00132 
0.0108 
0.0098 
0.0092 
0.0134 
0 .0088 
0.0054 
0 .0112 
0.0132 
0.0102 
0.0112 
00198 
0.0160 
0.0198 
0.0126 
0.0148 
0.0064 
00144 
0 .0106 
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DATA INPUT PAGE 
VOLAllLE ORGANIC COMPOUNDS 

AMTEST AIR QUAUTY, A OIVTSfON OF HOEFLER CONSUL llNG GROUP 

F.e Name 8752.()OI\PX@CTlMOO3. Sample Da!lI" 7f20107 Sample Volum~' Om95 d.= 
Chant Paramelnx @ CItYo(Tatomalandfil 
locala .. Tacoma, Wastunglon 
Run Number "a 
Sample locallOr PM.nnlsl Nt landfill Gas Combuster Outlet 

RUN J • FB • REPORTING LIMIT 
Reporting Reporting Reporting RUN3·FB·MOL 

RUN J • FB • RESULTS Limit Limit LImit MOL MOL MOL 
Tllnax Tuba Anuorb Tub_ TOTAL Tanalt Anuorb 'TOTAL Tena. Atlnorb TOTAL 

Fa Fa Fa Fa F" Fa F" Fa Fa 
I:!II "" 1!9 "" "" I:!!i l!1iI "" -----""-----

Ac8tone 0 0 0000 010 010 020 0.060 0060 0120 
Benzene 0 0 0000 0010 0010 0020 000<3 000<3 0.0086 
Bromobenzene a 0 0000 0010 0010 0.020 00055 00055 00110 

8tomoclllorome\hane a 0 0.000 0025 0025 ooso 00055 00055 00110 

BromodJdlloroma\hene a 0 0000 0010 0 .010 0020 000<' "X)" 00088 
Brom::fOO1l a 0 0000 002' 0025 ooso OOOS' 00065 00130 
Bromomelhans a 0 0.000 OOSO OOSO 01 DO 00078 0.0078 00156 
2-Bulanof'la (MEK) a 0 0000 010 010 "DO 0032 0032 006< 
n-Bulylbenzenll 0 0 0000 0010 0.010 0020 0.0077 00077 0015~ 

sec.BulylbellZen8 0 0 0000 0010 a 010 0020 o 00l)6 00096 00192 
len·Bulylbenzene 0 0 0000 0 .010 a 010 0020 00089 0008' 00178 

Carbon Disutlide 0 a 0000 0010 0010 0020 000<' 0004' 000B4 

Carbon Telrac:hlotlcie 0 0 0000 0010 0010 0020 00034 00034 ooosa 
Chiorobenzeno 0 0 0000 0010 0 .010 0020 0.00<13 00043 00066 
ChlOfodibromomlt\hane 0 0 OOOl A". 0025 OOSO 00038 00038 0 .0016 
Chloroolhane 0 0 0000 OOSO O.osa 01 DO 00039 00039 0.0078 
Chloroform a 0 0.000 0010 0010 0020 00046 000<. 0.0092 
Chloromethan. a 0.009-4 J 00094 OOSO 0.050 0.100 00060 0.0060 0.0120 

2·Chlorololuflne a 0 0000 0010 a 010 0020 000" 000" 00108 

~..chlorololuene 0 0 O.DOD 0010 a 010 0020 00057 00051 o 011~ 

1.20lbromo·3-d1loroptopane 0 0 0.000 0 .050 DOSO O1DO 0016 0016 0032 

1.2·0!bromOllll1ana 0 a 0000 002' 002. OOSO 0 .0039 00039 00018 

Obromomllihalw 0 0 0.000 002' 002. OOSO 0.0064 00064 00128 

1.2·01Ct1Iorobtmzel"l8 0 0 o DOD 0010 0.010 0020 0.0059 0.0059 00116 

1.3·0idllorobenzl!l'I8 0 0 0000 0.010 0010 0020 00064 0_ 00126 

1.~-OlChlorobenzene 0 0 0000 0.010 0010 0020 o oo7~ 0001.<1 00148 

OlChlorodrfluaromelhane a 0 0000 0.025 0.025 OOSO 00052 00052 00104 

1.1-0Icllloroethen8 a 0 0000 0010 0.010 0020 00034 00034 ooosa 
1.2·0ichloroethane a 0 0000 0010 0.010 0020 0.0046 000<6 00096 
Cls-l .3-0ic:hIorOlllhenll a a 0000 0010 0.010 0020 00050 00050 0 0100 

Ifans-l ,3·01th1oroeIhllne a 0 0000 0010 0010 0020 00036 OD038 00076 

1,'-DdlioI"OIIU"1ene a 0 0000 0010 0010 0020 00057 00057 0 0114 

1 2-0lChloropropane 0 0 0000 0010 0010 0020 000<' 0""" 00090 

1.3·01c:hloropropane 0 a o DOD 0010 0010 0020 00071 00071 00142 

2.2·0IChloropropane 0 0 o DOD 0010 0010 0020 00034 00034 a [l()6a 
cls·l,3·01ChIoropropene 0 0 0000 0.010 0010 0020 00039 00039 00078 

trans·l.3·Dichloropropene a 0 a DOD 0010 0010 0020 00039 00039 00076 

1.1·0IChloropropene 0 0 0000 0010 0.010 0020 000<' 0004' OOOB< 

Elhyberuel"1e a 0 0.000 0 .010 0010 0020 0.0032 00032 0006< 

HexliChtorobutadJene a 0 0.000 0025 002. OOSO 0004' atX)" 0008' 
2-Hexanone 0 0 0000 0.10 010 0200 0.018 0 0 18 0036 

Isopropylbenzel19 0 0 0000 0010 0010 0020 aDO .. 00058 00116 

p.!Sopropyltoluene 0 0 0000 0.010 0010 0020 00065 ODOB. 00170 

Methylene Chlorido 0 0 0000 0025 0025 OOSO 0012 0012 0024 

4·Melhyl·2·Penlanono (MIBK) 0 0 0000 010 010 0200 0029 0029 oose 
Napha:ene 0 0 0000 0025 0025 OOSO 00088 00066 00132 

n,P(opy:benzene a 0 0000 a DID 0010 0020 0005-4 0005< 00106 

S')I,ene a 0 0.000 0010 0010 0.020 01)049 atX)" 00098 

1.1.1.2-Talr3Chlot"oelhano a 0 0.000 0 .010 0010 0020 o DO ... atX)", 00092 

1.1 .2.2-TelracnIorOlllhanll a 0 0000 0'" 0025 OOSO o OOS7 OOOS7 00134 

TeLrac.nloroelhene a 0 0000 0010 0010 0020 00044 000114 a 006a 
Toluene 0 0 0000 0010 0010 0021 0.0027 00027 000" 
12.3-Tnchlorobenzenll 0 0 0000 0025 0025 0050 000 .. aDO" 0.0112 

1,2.-4-Ttlc:hlorobenzenll 0 0 0000 002' 0.025 OOSO o (l()66 00066 00132 

1.1 1_ Trrchloroelhane 0 0 0000 0.025 0.025 OOSO 00051 00051 00102 

1.1.2-TrlChlDroeltlal\El 0 a 0000 0025 0.025 DOse 000S6 OOC .. 00112 

T,!C.hlorOSU"19f19 0 0 0000 0.010 0010 0020 0009' 00099 00198 

Tnd'oloronlJOrOfflelhane a 0 0000 OOSO OOSO O1DO 00060 00080 00160 

1.2.3-TrichioropropSIl9 a 0 0000 0.025 0025 DOSO 00099 00099 00198 

1.2.4-Trirnelhylbel'lzenll a 0 0000 0010 0010 0020 OOOS3 00063 0.0126 

1,3.5_ T rlmelhylbenzene a 0 0000 0010 0010 0020 0007.<1 00074 00146 

Vinyl Chlondll a 0 o DOD 0.010 0010 0020 00032 00032 0006. 

m- & p·Xylenes 0 0 0000 0020 0.020 0040 00072 00072 o 014~ 

o-XyJene 0 0 0000 0010 0010 0020 00053 00053 00106 
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Atmospheric Analysis & Consulting, Inc. 

CLIENT : AMTEST Air Quality 
PROJECT NAME 
PROJECT NO. 
AAC PROJECT NO. 
REPORT DATE 

: Parametrix @ City of Tacoma Landfill 
: 8752-001 
: 070784 
: 08/0912007 

On July 25,2007, Atmospheric Analysis & Consulting, Inc. received four (4) Summa Canisters for 
non-methane organic compounds analysis by EPA 25C and Fix Gases by EPA 3C. Upon receipt the 
samples were assigned unique Laboratory ID numbers as follows: 

Client ID Lab No. Initial Pressure 
R-I ; #1 Perennial Gas Combustor Inlet 070784-27273 716.4 
R-2; #1 Perennial Gas Combustor Inlet 070784-27274 781.4 

R-3A; #1 Perennial Gas Combustor Inlet 070784·27275 745.0 
R-3B; # 1 Perennial Gas Combustor Inlet 070784-27276 792.2 

EPA 25C Analysis - Up to a I mL aliquot of samples is injected into the GCIFIDrrCA for analysis in 
triplicate following EPA 25C as specified in the SOW. 

EPA 3C Analysis - An aliquot of the gaseous sample is injected into the GCrrCD for analysis following 
EPA 3C as specified in the SOW. 

No problems were encountered during receiving, preparation, and! or analysis of this sample. The 
test results included in this report meet all requirements of the NELAC Standards and/or AAC SOP# 
AACI· EPA 25C. 

I certify that this data is technically accurate, complete, and in compliance with the terms and 
conditions of the contract. Release of the data contained in this hardcopy data package and its 
electronic data deliverable submitted on diskette has been authorized by the Laboratory Director or 
his designee, as verified by the following signature. 

If you have any questions or 
undersigned. 

& (, A 

, C I~ C~£f'ljJl"'" 
-' Sucha S. Parmar, P 

Technical Director 

This report consists of 7 pages. 

require further explanation of data results, please contact the 

1534 Eastman Avenue • Suite A • Ventura, California 93003 ® (80S) 650-1642 • FAX (80S) 650·1644 



Atmospheric Analysis & Consulting, Inc. 

Client: 

Project No. 

Matrix 

Units 

Laboratory Analysis Report 

: AMTEST Air Quality 

: 070784 

air 
! 0/0 

EPA Method 3C 

Detection Limit: 0.1 % 

ClientID MelD . Hvdroe:en OXVi(en Nitl'ol!en 
R-1; #1 Perennial Gas 

070784-27273 <PQL 3.4 49.5 
Combustor Inlet 

R-2; #1 Perennial Gas 
070784-27274 <PQL 3.1 48.7 

Combustor Inlet 
R-3A; # I Perennial Gas 

070784-27275 <PQL 3.3 49.0 
Combustor Inlet 

R-3B; #1 Perennial Gas 
Combustor Inlet 

070784-27276 <PQL 3.3 48.8 

Analyte 
CO 

<PQL 

<PQL 

<PQL 

<PQL 

/ 

-:: 

Sampling Date 

Receiving Date 

Analysis Date 

Report Date 

Methane· 

24.7 

25.4 

25.1 

25.2 

CO2 

22.3 

22.7 

22.6 

22.7 

I 

I 

: 07/19-20/2007 

: 07/25/2007 

: 07/30/2007 

: 08/09/2007 

c=R LJ C ~fk&Wl()J\ 
Dr. Sucha Parmar 

Technical Director 

Page 2 

1534 Eastman Avenue • Suite A • ---"""ntura, California 93003 * _ (8il5) 650-1642 • FAX (805) 650-1644 
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Atmospheric Analysis & Consulting, Inc. 

Laboratory Analysis Report 

Client 

Project No. 

Matrix 

Units 

: AMTEST Air Quality 

070784 

air 

ppmv 

Sampling Date 

Receiving Date 

Analysis Date 

Report Date 

07/19-20/2007 

07/25/2007 

07/28-30/2007 

08/09/2007 

EPA Method 25C 

Detectioll Limit: 

Client Sample ID AACID 

R-1; #1 Perennial Gas 
070784-27273

Combustor Inlet 
R-2; #1 Perennial Gas 

070784-27274
Combustor Inlet 

R-3A; #1 Perennial Gas 
070784-27275

Combustor Inlet 
R-3B; #1 Perennial Gas 

070784-27276
Combustor Inlet 

""Non-Methane Hydrocarbons as Methane 

1.0 ppmv 

NMHC** 

738 

756 

446 

462 

/(?' -
/c",/ \ L{ c.~ 6tJJ;/-"---<­

~. Sucha Parmar, Ph.D? 

Technical Director 

Page 3 
1534 Eastman Avenue • Suite A • Ventura, California 93003 * (805) 650-1642 • FAX (805) 650-1644 



Atmospheric Analysis & Consulting, Inc. 

Quality Control/Quality Assurance Report 

Analysis Date: 8/112007 Instrument ID: 

Analyst: TT Calibration Date: 

Units: ppmv 

I - Opening Calibration Verification Standard - Method 25C 

FID#4 

6114/2007 

I Analyte I xCF I dCF I % RPD* I 
CO 3218 3327 3.3 

CH4 3185 3301 3.6 

CO2 32J2 3294 1.9 

Propane 9268 9321 0.6 

II - Method Blank - Method 25C 

AACID Analytc 
Sample 

Result 

I MB I NMEHC I ND I 

I 

I 

In -Laboratory Control Spille & Duplicate - Method 25C 

Spil{c LCS 
AACID Analyte 

Added Result 

LCS/LCSD I NMEHC I 50.0 I 51.0 

IV - Closing Calibration Verification Standard - Method 2SC 

Analyte I :tCF I dCF I % RPD * 

CO 3218 3435 6.5 

CR4 3185 3431 7.4 

CO2 32J2 3363 4.0 

Propane 9268 9902 6.6 

xCF - Average Calibration Factor from Initial Calibration Curve 

dCF - Daily Calibration Factor 

• Must be <15% 

•• Must be 90-110 % 

••• Must be <20% 

LCSD LCS LCSD % RPD*** 

Result % Rec ** %Rec** 

I 47.6 I 102.1 I 95.2 I 7.0 I 

I 

1534 Eastman Avenue • Suite A • Venlura, California 93003 * Page 4 

(805) 650·1642 • fAX (805) 650-1644 



Atmospheric Analysis & Consulting, Inc. 

Quality Control/Qualify Assurance Report 

Analysis Date: 

Analyst: 

Units: 

7/28/2007 

TT 
pPDlV 

I - Opening Calibration Verification St:mdard - Method 25C 

Analyte xCF 

CO 3218 

CH4 3185 

CO2 3232 

Propane 9268 

II - Method BIanlt - Method 25C 

AACID Analyte 

MB I NMEHC I 

dCF 

3500 

3415 

3488 

9798 

Sample 

Result 

ND 

%RPD* 

8.4 

7.0 

7.6 

5.6 

III - Laboratory Control Spike & Duplicate - Method 25C 

AACID Analyte 
Spil{e LCS 

Added Result 

I LCS/LCSD I NMEHC I 50.0 I 46.3 

IV - Closing Calibration Verification Standard - Method 2SC 

I Analyte I xCF I dCF I %RPD* 

CO 3218 3270 1.6 

CH4 3185 3293 3.3 

CO2 3232 3513 8.4 

Pl'(lllane 9268 9491 2.4 

xCF - Average Calibration Factor from Initial Calibration CIIM'e 

dCF - Daily Calibration Factor 

• Must be <15% 

•• Must be 90-110 % 
••• Must be <20% 

I 

I 

LCSD 

Result 

46.5 

Instrument ID: 

Calibration Date: 

LCS LCSD 

% Rcc"'* % Ree-'It 

I 92.6 I 92.9 I 

FID#4 

6114/2007 

%RPDo •• 

0.4 

e/ 
..- /' /') f(,' 

; ;-. - £, .... L-~~!(. may\ 

,,;/ Dr. SuchaParmar 1';-' 
Technical Director 

I 

Page 5 

1534 Easl",an Avenue • Suite A • Venlura. California 93003 * (B05) 650-1642 • FAX (805) 650·1644 
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Atmospheric Analysis & Consulting, Inc. 

Quality COlltrnVQuality Assurallce Report 

Date Analyzed: 7/3012007 
Analyst: IT 

1- Melhod Blank-EPA Method 3C 

MCID I Analyl. 
MD 

Concenlration 

Hydrogen ND 
Oxy~en ND 

Method Dlunk 
Nitrogen ND 

CO ND 
Methane ND 

CO2 ND 

IILb - • uratory CtIS 'k&DI' on 1'0 >PI C upJlcatc - EPA M h d3C et 0 

MCID I 
Spike 

Annlyte 
Added 

Hydrogen 20.0 

Nitrogen 20,0 
L3b Control 

CO 20,0 
Standards 

Methane 20,0 

CO2 20,0 

ill D r - UrJllC<lte A I ' EPA M h d 3C nalYSlS - el 0 

AACID I 

070783-17271 

IV -Ma trix Snikc & 

AACID 
I 

070783-27271 

• Must be 85-/15% 

. " Must be 75-125% 
H* Must be <25% 

AunJl'te 
SmllpJe 

Concentration 

Hydro~cn 0,0 

Oxygen 0,0 

NitroCl"cn l1.3 

CO 0,0 

Methane 0,0 

CO2 6,7 

D AM h et od 3C unlic::ltc- EP 
SampJe 

Annlyte 
Concentrntiun 

H),drorrcn 0,0 

Nitrogen 2l.4 

CO 0,0 

Methane 0,0 

CO2 3,3 

LCS 

Result 

21.l 

21.2 

20,1 

19,1 
20,0 

Duplicate 
Conccutrntion 

0,0 

0,0 

lO.4 

0,0 

0,0 

6,7 

Spike 

Atld crl 

10,0 

10,0 

10,0 

10,0 

10,0 

Instrument ID: TCD#l 
Units: O/D 

LCSD LCS 

Result %Rce " 

21.8 108 

21.3 106 

20,2 100 

19,6 97 

20.1 100 

1\1 • ." % It'pD·'' 

0,0 0.0 

0,0 0.0 

50,8 1.8 

0.0 0.0 

0.0 0,0 

6.7 1.0 

1\IS MSD 
Result Result 

9, l 9,K 

37,1 37.4 

9,9 10.1 

9,' 9,9 

13,2 13,l 

LCSD % RI'D"'''' ''' 

% Rcc". 
109 1.1 

107 0,8 

101 0,8 

98 0,7 

101 0.6 

MS MSD 
0/0 Ree * ... %1tec·· 

9l 98 

117 120 

99 101 

96 98 

99 101 

% RPD"'''' 

3,0 

2,2 

1,0 

1,0 

1.4 

1534 Eastman Avenue • Suite A • Ventura, California 93003 * Page 6 

(805) 650-1642 • FAX (805) 650-1644 



Atmospheric Analysis & Consulting, Inc. 

Quality COlltrol/Quality Assura1lce Report 

Date Analyzed: 7/30/2007 Instrument ID: TCD#1 

Analyst: TT Calibration Date: 09/27/06 

Opening Calibration Verification Standard 

Analyte xLR** LR %RPD*I I I I I 

Hydrogen 2128 2288 7.3 

Oxygen*** 58037 57800 0.4 

Nitrogen 62209 65054 4.5 

Carbon Monoxide 69067 6911 1 0.1 

Methane 59891 58275 2.7 

Carbon Dioxide 93158 93121 0.0 

Closing Calibration Verification Standard 

Analyte xLRu LR %RPD"I I I I I 

Hydl'ogen 2128 2253 5.7 

Nitl"Ogen 62209 65037 4.4 

Carbon Monoxide 69067 68630 0.6 

Methane 59891 58505 2.3 

Carbon Dioxide 93158 92523 0.7 

• Must be <15% 
•• Linear Response Factor from Initial Calibration Cun'e 
•• * Oxygen from Lab Air 

Page 7 
1534 Eastman Avenue • Suite A • Ventura, California 93003 @ (805) 650·1642 • FAX (805) 650·1 644 



Avrr:.sr Analysis Lab: AAC 
AIR QUALII T, LLl. 

PROJ. NO. PROJECT NAME Cf) 
a: 

8752-001 Parametrix @ City of Tacoma Landfill - Perennial Stack w 
z 

SAMPLERS: (Signature) ~ 
Z 
a 
(J 

KEF, RDR,KJR, TVVG "-a 
a: w 
<Xl 
::;: .: <D 

LAB # DATE TIME '" ~ LOCATION/DESCRIPTION :::l 
0 Z u (!) 

4507 7/19/07 1510- X R-1; #1 Perennial Gas Combustor tnlet 1 1810 

4508 7fl.0/07 0831- X R-2; #1 Perennial Gas Combustor Inlet 1 1031 

4509 7fl.0J07 1138- X R-3A; #1 Perennial Gas Combustor Inlet 1 1338 

4510 mOlO7 1138- X R-3B; #1 Perennial Gas Combustor Inlet 1 1338 

--

.. 

1/JIt~ L 
~ 1-).'1-"] lo3() -r~ie ... \1Co-

7t»TrJ - 'f"-J 
Rclinquished by: (SiQn,funIi) Da\eITlme Recetved by. (Signa'.",) 

Relinquished by. (Signsture) DateITlme Received for Laborelory by: 

0 0' u u: ~ I-;- U 
~ u e. (!) - <.) "8 u ~ on 

'" 0 
N 5 

::;: u "8 <> 

>. 5 ::. 
.Q N <> 

,., 
.. z ::. D 

0 ., ~ 

~ <.) .. J: 
~ .. u g (!) -

~ cS ~U) ::. 
>< - z .~ ~ u: 0 ~ <><.) 
~ u ~ Q.(!) . - "'-

X X X 

X X X 

X X X 

X X X 

Relinquished by: (SiglnIlIUf8) 

DateITlme 

'J707 ~ L.-\ 

CHAIN OF CUSTODY RECORD 
Client Name 
AM TEST-AIR QUALITY, A Division of Hoefler Group 

Client Address 

30545 SE 84th St, #5 / PO Box 525 / Preston, WA 98050 

Client Phone/Fax 
425-222-7746 I 425-222-7849 (fax) 

Contact Person 
Matt Caron 

P.O. Number 
8752-001 

Please provide NMOC results in ppmv as CH.. "7."777 

Please provide speciated VOCs in jJg/m3
• ? 72 7 L) 

,727";-

2727.L 

~ 

\on 

DaleFnme Received by: (SIpnatvre) 

Remarks 

-- --.- -



Am Test Inc. 
14603 N. E. 87th St. 
Redmond, WA 98052 
(425) 885-1664 

Aug 13 2007 
Am Test Air Quality 
PO Box 525 
Preston, WA 98050-0525 
Attention: Matt Caron 

Dear Matt Caron: 

LABORATOR I ES 

Enclosed please find the analytical data for your Rendering Scrubber project. 

The following is a cross correlation of client and laboratory identifications for your convenience. 

CLIENT ID MATRIX AMTESTID TEST 
4504 R-1 #1 Perennial Gas Combustor Impinger 07-A009319 Impinger Metals 
4505 R-2 #1 Perennial Gas Combustor Impinger 07-A009320 Impinger Metals 
4506 R-3 #1 Perennial Gas Combustor Impinger 07-A009321 Impinger Metals 
Blank 0.1 n H2So4 Impinger 07-A009322 Impinger Metals 

Professional 
Analytical 
Services 

Your samples were received on Monday, July 23,2007. At the time of receipt, the samples were logged 
in and properly maintained prior to the subsequent analysis. 

The analytical procedures used at AmTest are well documented and are typically derived from the protocols of 
the EPA, USDA, FDA or the Army Corps of Engineers. 

Following the analytical data you will find the Quality Control (QC) results. 

Please note that the detection limits that are listed in the body of the report refer to the Method Detection 
Limits (MDL's), as opposed to Practical Quantitation Limits (PQL's). 

If you ShOU7d ha e any questions pertaining to the data package, please feel free to contact me. 

IT;' "".,~;. 
President 

PO Number: 8752-001 

BACT = Bacteriological 
CONY = Conventionals 

MET = Metals 
ORG = Organics 

NUT=Nutrients 
DEM=Demand 

MIN=Minerals 



Al\.I'rr'" :Sf Analysis Lab: AmTest 
AIR QUALI J T. LL\.o 

CHAIN OF CUSTODY RECORD 
PROJ. NO. PROJECT NAME Rendering Scrubber Exhaust (f) « « Client Name 

<D CD cc: " " AM TEST-AIR QUALITY, A Division of Hoefler Group 
8752-001 Parametrix @ City of Tacoma Landfill - Perennial Stack w ::; :;; z ~ ~ Client Address 

~ '" 0. 0. SAMPLERS: (Signature) (.) 
~ 30545 SE 84th SL, #5 J PO Box 525 J Preston, WA 98050 

Z -
a >- >-.Q .Q Client Phone/Fax U " '" u. 31 "C 425-222-7746/425-222-7849 (fax) KEF,RDR,KJR,TVVG a <s ·c 

0 ~ 

cc: ~ => E Contact persow 
'" W c c 

III '" '" '" Matt Caron 
::;; Cl Cl E 0.: 

~ ::::l e e ::> P.O. Number 8752-001 
LAB # DATE TIME ~ LOCATIONIDESCRIPTION "C "C "0 Z >- >-

0 " I I > 
4504 7/19/07 

151~ X R-1; #1 Perennial Gas Combustor 1 X X 475 Please provide results in U9 per sample. elll1 1745 

4505 7120107 
0831- X R-2; #1 Perennial Gas Combustor 1 X X 459 2(~ 
1042 

4506 7/20/07 
1136- X R-3; #1 Perennial Gas Combustor 1 X X 460 ;Ii 
1351 

Blank Blank 0.1 N H2SO4 1 X X 400 )J-

-:: 

-

11i~ 7-l.-hr Ii},; 

,:;;;i#M DaLeffime Received by: (Signature) Relinquished by: (Signature) Oaleffime Received by: (Signature) 

7jx7P1 IS (0 I~~ 
I~elinquished by: (Sir/nature) Datemme Received for Laboralory by: DatefTime Remarks 

I I 
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Am Test Inc. 
14603 N.E. 87th SI. 
Redmond, WA 98052 
(425) 885-1664 
www.amtestlab.com 

Am Test Air Quality 
PO Box 525 
Preston, WA 98050-0525 
Attention: Matt Caron 

LABORATORIES 

ANALYSIS REPORT 

Project Name: Rendering Scrubber 
PO Number: 8752-001 
All results reported on an as received basis. 

AMTEST Identification Number 
Client Identification 
Sampling Date 

07-A009319 
4504 R-1 #1 Perennial Gas Combustor 

Professional 
Analytical 
Services 

Date Received: 07/23/07 
Date Reported: 8/13107 

Im~nger _. 
. RESULT UNITS Q ~ METHOD·- ·------,ANAL YST 'DATE -PARAMETER 

Chloride 2200 -- ug--~- ~ 24.--"300.0----- MO-- "67/26/07- . 

Fluoride 1700 
Water Volume 0475. 

AMTEST Identification Number 
Client Identification 
Sampling Date 

mpmger 
PARAMETER -RESULT 

----"--_._-
Chloride 1800 
Fluoride 1300 
Water Volume 459. 

ug 24. 340.2 MO 07/26/07 
mls KF 08/08/07 

07-A009320 
4505 R-2 #1 Perennial Gas Combustor 

DATE--UNITS __ ~_I~DL_~ET!i9D~ _ lANALYST 
07/26/07 ug 23. 300.0 MO 

ug 23. 340.2 MO 07/26/07 
mls KF 08/08/07 --



Am Test Air Quality 
Project Name: Rendering Scrubber 

AMTEST Identification Number 
Client Identification 
Sampling Date 

Impinger 
PARAMETER RESULT 

LABORATORIES 

07-A009321 
4506 R-3 #1 Perennial Gas Combustor 

-
UNITS METHOD 9 __ ~MD_L __ 

Cc--~ ----------"2100-- --~.----.- ~,---.-

Chloride ug 23. 300.0 
Fluoride 1200 
Water Volume 460. 

AMTEST Identification Number 
Client Identification 
Sampling Date 

Impinger 
fPARAMETER 

--
RESULT 

Chloride < 20 
Fluoride < 20 
Water Volume 400. 

ug 23. 340.2 
mls 

07-A009322 
Blank 0.1 n H2So4 

. UNITS--rq MDL METHOD 
ug 
ug 
mls 

-- --20. 
20. 

300.0 
340.2 

~ 
( 

Kathy E'ugiel ! \ 
President i , , 

Page 2 

ANALYST . DATE--
----

MO 07/26/07 
MO 07/26/07 
KF 08/08/07 

ANALYST ID~TE--
- MO 07/26/0'1-

MO 07/26/07 
KF 08/08/07 

/, 



Atmospheric Analysis & Consulting, Inc. 

CLIENT AMTEST 
PROJECT NAME Parametrix @ City of Tacoma Landfill 
PROJECT NUMBER : 8752-001 
AAC PROJECT NO. 070784 
REPORT DATE : 07/31/07 

On July 25,2007, Atmospheric Analysis & Consulting, Inc. received four (4) Six-Liter Summa 
Canisters for Volatile Organic Compounds analysis by EPA method TO-J5. Upon receipt the 
samples were assigned unique Laboratory ID numbers as follow.s: 

Client ID LabID Initial Pressure 
R-J; #1 Perennial Gas Combustor Inlet 070784-27273 716.4 
R-2; #1 Perennial Gas Combustor Inlet 070784-27274 781.4 

R-3B; #1 Perennial Gas Combustor Inlet 070784-27275 745.0 
R-3B; #1 Perennial Gas Combustor Inlet 070784-27276 792.2 

An initial reading of the canister's vacuum was taken and recorded. Subsequently, the canisters 
were brought to positive pressure using UHP-He and the final pressure was also recorded. 

TO-IS Analysis - Up to a SOO mJ aliquot of samples is concentrated, put through a water and 
C02 management system, cryofocused and injected into the GCIMS (full scan mode) for 
analysis following EPA Method TO-IS as specified in the SOW. 

No problems were encountered during receiving, preparation and! or analysis of these samples. 
The test results included in this report meet all requirements of the NELAC Standards and!or 
AAC SOP# AACI-TO-IS. Estimated uncertainty of the test results will be provided upon 
request. 

I certifY that this data is technically accurate, complete and in compliance with the terms and 
conditions of the contract. The Laboratory Director or his designee, as verified by the following 
signature, has authorized the release of the data contained in this hardcopy data package. 

If you have any questions or require further explanation of data results, please contact the 
undersigned. 

c/< (IS C'-3~1N<YI 
/ Sucha S. Parmar, PhD YS,'""­

,( Technical Director 
tI \:4. A CL'C<9'O 

lhelac~~ 
C.,rUtlClte'!.7IJ7This report consists of 24 pages. 

Page I 
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CLlEI'IT 
PROJECfNO 
MATRIX 
UNITS 

I if! 
ifi

l 
i 

MffiE 

~I 

, AMTEST 
: 070784 
: AIR 
: PPD (vI,,) 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Renort 

DATE RECEIVED 
DATE REPORTED 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

.~7J 3 Sample 
Reporting 

Limit 

(RLxDF's) ~ 

288lf 

, 07{J.s/07 
, 07/31/07 

Sample 
Reporting 

Limit 
(RLxDF's) 

Method 
Reporting 

Limit 

1534 Eastman Avenue • Suite A • Ventura, California 93003 * (80S) 650-1642 • FAX (80S) 650-1641>aue 2 
o 



CLIENT 
PROJECfNO 
MATRIX 
UNITS 

AMTEST 
070784 
AIR 
PPO (v/v) 

152 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

: 07/15/07 
: 07/31/07 

~~~~~s.m~PI.~~~s~.mpl'~~~LhOd I~ ~ Re~:~ng I-----~-;;. ~ Rc~:~nc: Reporting 
~vud Limit 

II 

,2-

J: . ~" ',,'''' , , "on es'n", '0 "10', '"'''' 
lklCcliO/l Umit (MOL) and the Report;n!; Limit (RL). 
E - Estimated value, result outside linear mose of instrument. 
U - Compound was analyzed for. bUI was flOC detected. 
!! - Estimated 

(RLxDF's) ~ (RLxDF's) 

,""M'''''' 

U 

Sucha S. Parmar. l'hD 
Technical Director 

1534 Eastman Avenue" Suile A " Ventura, California 93003 (805) 650-1642 • fAX (805) 650-164j1>ane 3 
e 



CLIENT 
PROJECT NO 
MATRIX 
UNITS 

: AMTEST 
: 070784 
: AIR 
: uelm3 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

• 
Sample 

Reporting 
Limit 

(RLxDF's) 

U 1178 
_ s'1ll 

L 

~ 

! 

U 
U 

11 
u 

: 07125107 
: 07/31107 

nii 'a,,-

Sample 
Reporting 

Umit 
(RLJ:DF's) 

-;Wo-
1019 

i 
1256 

1403 

Method 
Reporting 

Limit 

1534 Eastman Avenue • Suite A • Ventura, California 93003 ® (805) 650-1642 • FAX (805) 650-164j1>age 4 



CLIENT 
PROJECT NO 
MATRIX 
UNITS 

AMTEST 
070784 
AIR 
u!!lmJ 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

VOLA TILE ORGANIC COMPOUNDS BY EPA TO-IS 

: 07125107 
: 07/31/07 

~~~~~s.mpl' ~!I~s~"npl' Molhod ~ Reporting Reporting Reporting 
~ ~ Limit Limit Limit 
!!!l!i!! ~ (RLxOF'.) 0 Oil. 'at. lID •• n~'., 

= R93 1330 820 
U 

1 
I 1 

1 --m: 
1420 

1 I j 

I 

:,'_'_ ' ~ ':.,' ' ";" " "",",,,d vohie.whlol';,beIw,," I 
uct"': I~" Limn (MOL) """ . .. ,'...... , ' (RLl. 
E Estllnstcd value, result outSide F""""IllIl&;e ormstrumenr. 
U - CompotUld was analyzed for. bul was 110\ detected. 
!! . ESlimaled 

1534 Eastman Avenue • Suite A .. Ventura, Calirornia 93003 

1763 ND :I 
926 

:I 
2190 

U 

~~ c;;;--f~M0 
Sucha S. Pormar. hD 7~ 
Technical Director 

(805) 650-1642 • FAX (805) 650-164f'age 5 



CLIENT 
PROJECT NO 
MATRIX 
UJ'(ITS 

: AMTEST 
: 070784 
: AIR 
: rpn h'l\') 

If.r; oJ .... 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

: 07(25/07 
: 07131/07 

Sample 
Reporting 

Limit 
(RL,DF's) 

~~~r;s.m~PI' ~M";]hOd 
R'LPOjmrlj','ng ReporUng 

Limit 
(RLxDF's) 

l 

l 

1534 Eastman Avenue· Suite A • Ventura, California 93003 * (805) 650,1642 • FAX (805) 650-164iPage 6 



CLIENT 
PROJECT NO 
MATRIX 
UNITS 

I 
I 

I 
I. , 
I. , 

I I 
I 
I I 
I I 

, AMTESf 
, 070784 
: AIR 
: PPU (v/v) 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-tS 

w;~rm~ SAmple 

Reporting 7(. 

Limit 

~ ~ 
(RL.DF's) 

J!g: , 

-IT.{, 

: 01125107 
, 07131/07 

~r 
n 

~O<: 

Sample 
Reporting 

Limit 
(RLxDF's) 

~~'h .. n~~' " is on "lion",d v.I"" whi," is .. ,wee" 
Det<-C1 iOIL Limit (MDL) llnd the Reponing Limit (RL). 
E - t:.stimalcd value. result outside liJlear range ufinslrnmenl. 
U - Compound was analyzed for, bul was 1101 detected. 
!1 - Estimated ~ 

.. 
~, / J > _ l\. G 

/' Sucha S. Parmar. rhO 
L_ Technical Director 

Method 
Reporting 

Limit 

1534 Eastman Avenue • Suite A • Ventura, California 93003 (80S) 650-1642 • FAX (80S) 650-164Page 7 



CLIENT 
PROJECT I'm 
MATRIX 
UNITS 

III 
~cetone 

: AMTEST 
: 070784 
: AIR 
: uelm3 

2690 

ND 

I 
r . , 
:; f 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

: 07f2S/07 
: 07131/07 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

~~~s.mp~I·~I,~~~s.m~PI'~~t~hOd Rl!porting Reporting 
Limit Limit Reporting 

Limit 
(RLxDF's) (RLxDF's) 

u 1\3\ U 

1760. 

709 

1055 

2500 
\.[ 

u u 

1534 Eastman Avenue • Suite A • Ventura, California 93003 ® (805) 650-1642 • FAX (805) 650-164j!>a~e 8 
'" 



CLIENT 
PROJECT NO 
MATRIX 
UNITS 

AMTEST 
070784 
AIR 
ul!im3 

Atmospheric Analysis & Consulting, Inc. 

Laboratorv Analvsis Reoort 

DATE RECEIVED 
DATE REPORTED 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

, 07125/07 
, 07131107 

~ii:1D ~§ll7o.~~sampl' ~070.;~~s.mpl' ~M"h.d ~~===3 Reporting Reporting Reporting 

II 
~ Limit Limit Limit 
!E!!!!... (RLxDF's) (RL.DF's) 

~ '~ Ros.I.; I); .,,_ 

, 
I , 

I 
·1 , 

, 
, 

I 
I 

.& 

u 
3870 

I 

-An",',., .. W,"" '"' . I ,Is," ""'"", •• 
~Iection UmJI (MDI.) Rnd Ihe Rcpor1U1~ Llmll (RL). 
E - Estimaccd value, resull oolside linear mnse of in strum en I. 
U - Compoond was analyzed for. but was not deCected. 
!! . Estimated 

1534 Eastman Avenue • Suite A • Ventura, California 93003 

968 

3370. 

810 
1599 

i-5IT 
1132 
1040 

~ 

Page 9 
(805) 650-1642 • FAX (805) 650-1644 



Atmospheric Analysis & Consulting, Inco 

ANALYSIS DATE : 07/27/07 

ANALYST : JJG 

INSTRUMENT ID 

STDID 

: GClMS-03 

: PS052107-02 

VOLATILE QRGANICCDMPOUNDS BY EPA METHOD TO-IS 

Continuing Calibration Verification of the Q7n.4/07 Calibration 

I Con'1!.0unds I COliC 

-BFB (surrogate standard)··· 10 

Chlorodinuoromcthanc· 10 
Propylene· 10 
DiCIDIFMelhanc· 10 

CHLOROMElHANE" 10 

1,2 DiCI-I,I,l,2-TctraFEthanc· 10 
VINYL Cl-U..ORlDE· 10 
Methano'" 10 
I fJ-Butadiene" 10 
BROMOMJm{ANEo 10 

CHLOROEllIANE" 10 

Dichloron uornmethanc" 10 
Ethanol'" 10 
Vinyl Bromide· 10 
Acetone" 10 

TR1CHLOROFLUOROMETIiANE 10 
Isopropanol" 10 
Acrylonitrile· 10 
1,1 DICHLOROElHENP 10 
METHYLENE CHLORIDE" 10 
Allyl CHLORIDE" 10 
Carbon disulfide" 10 
1.1.2·TR1CHLORO·1.2.2.TRIFl..UO 10 
lrnns-l ,2- DlCHLQRQETIlYLENE" 10 
1,1- DlCHLQROETHANE" 10 
MTBE" 10 
Vinyl Acetate" 10 
MEK" 10 

cis-I.2- DlCHLOROETI-lYLENE'" 10 
IIcxanc'" 10 
CHLOROFORM· 10 
Ethyl Acetate· 10 

euahydrofuran· 10 
l,2·DJCHLOROETHANE* 10 

1.1.I·TRICHLOROETHANE· 10 

1534 Eastman Avenue • Suite A • Ventura, California 93003 

I iJail, r;;,,,. I UREC I 
10.16 

10.20 

9.86 

10.42 

10.02 

10.57 

10.06 

9.48 

9.86 

10.30 

10.65 

11.08 

10.25 

10.70 

9.97 

11.29 

10.59 

10.69 

11.30 

11.22 

11.39 

11.34 

11.72 

10.51 

10.50 

10.76 

10.74 

10.29 

10.44 

10.85 

10.73 

10.48 

10.24 

10.38 

10.58 

102 

102 

99 

104 

100 

106 

101 

95 

99 
103 

107 

111 

103 

107 

100 

113 

106 

107 

113 

112 

II' 

113 

117 

105 

105 

108 

107 

103 

10' 
109 

107 

105 

102 

10' 
106 

Page 10 
(B05) 650·1642 0 FAX (B05) 650-1644 



' .,I.fuU 

Atmospheric Analysis & Consulting, Inc. 


ANALYSIS DATE 

ANALYST 

: 07/27107 INSTRUMENT 10 

: JJG STO ID 

VOLATILE ORGANIC COMPOUNDS BY ErA METHOD TO·IS 

Continuing Calibration Verification oflhe 07124/07 Calibration 

GClMS·03 

PSOS2107·02 

Compounds COile 

BENZENE·· 10 
ARBON TETRACHLORIDE"· 10 

ydohexanc·· 10 

1,2-DlCHLOROPROPANE" 10 

i1romodichlorome:thane·· 10 

1.4-Dioxaoc·· 10 

rRICHLORO!miENE" 10 

2.2.4-Trimethylpenlanc·· 10 

Heptane"· 10 

is- 1J DICHLOROPROPENE·· 10 

MiBK" 10 

lmns 1,3 DlCHLOROPROPJ!NE·· 10 

1,1,2-TRlCHLOROETIlANE·· 10 
OLUENE·· 10 

·Hexanone·· 10 

Dibromochloromethanc·· 10 

1,2 D1BROMOETIlANE·· 10 

TETI<ACHLOROETIlYLENE" 10 

HLORODENZENE··· 10 

EmYLOENZENE'" 10 

m-, & p- XYLENES··· 20 

Bromofonn·" 10 
STYRENE·" 10 

1.1, 2,2. TCrRACHLORETHANE· 10 

0- XYLENE··· JO 

EthyILoluenc··· 10 

I.J,5- TRIMETHYLBENZENE··· 10 

1.2.4- TRIMETHYLDENZENE··· 10 

Ben~yl Chloride··· 10 

1.3- DICHLOROBENZENE··· 10 

1.4- DICHLOROBENZENE··· 10 

1.2-DlCI-{LOROBENZENE··· 10 

1.2.4-TR1CHLOROBENZENE··· 10 

HEXACHLOROBtITADlENE··· 10 

Daily COliC ~REC 

11.31 113 

11.37 II. 

11.43 II. 

11.27 113 

11.03 110 

10.29 103 

10.62 106 

10.60 106 

11.40 II. 

12.00 120 

11.84 JJ8 

11.58 116 

11.50 liS 

11.44 II' 

11.32 113 

11.74 117 

11.54 lIS 

11.13 111 

11.38 II. 

11.63 116 

20.80 104 

10.57 106 

11.36 II. 

10.56 106 

10.44 104 

11.80 118 

11.85 119 

11.77 118 

10.20 102 

11.29 11) 

11.31 113 

11.22 112 

9.87 99 

10.64 106 

~ Internal SId calculatJOn IS I . bromochlorolnethllne 

•• Internal ~ ltl calculslion 1S2 : 1,4-Difluorobenzenc 

~ •• Inlern3l std calculation IS3 : Chlorobenzcne-dS 

%REC should be 70-130% 

11 Compound failed criteria 3.nd rcsults should be considered estimated. Technical Director 

Page 11 
1534 Eastman Avenue • Suite A • Ventura, Cali(ornia 93003 (805) 650·1642 • FAX (805) 650-1644 
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Atmospheric Analysis & Consulting, Inc. 

Quality Control/Quality Assurance Report 

CLIENTlD 

AAClD 

MEDIA 

: Laboratory Control Spike 

: LCSILCSD 

DATE ANALYZED 

DATE REPORTED 

UNITS 

: 07/27/07 

: 07/27/07 

: ppbv : Air 

TO-IS Laboratory Control Spike Recovery 

Compound 

I,I-DICHLOROETINLENE 

METINLENE CHLORIDE 

BENZENE 

TRICHLOROETHENE 

TOLUENE 

TETRACHLOROETINLENE 

CHLOROBENZENE 

ETINLBENZENE 

m-, & p- XYLENES 

o-XYLENE 

• Must be 70-130% 

•• Must be < 25% 

Sample 

Cone. 

0.0 

0.0 

0,0 

0,0 

0,0 

0.0 

0.0 

0,0 

0,0 

0,0 

Spike Spike 

Added Res 

10.00 11.30 

10,00 11.22 

10.00 lUI 

10.00 10,62 

10.00 11.44 

10.00 11.13 

10,00 11.38 

10,00 11.63 

20,00 20,80 

10,00 10.44 

1534 Eastman Avenue • Suile A • Ventura, California 93003 ® 

Dup Spike Spike Spike Dup RPD** 

Res %Ree * % Rec "" °/0 . 

11.43 113 114 1.1 

11.36 112 114 1.2 

11.48 113 115 1.5 

10.74 106 107 1.1 

11.57 114 116 1.1 

11.19 III 112 0,5 

llA8 114 115 0.9 

11.81 116 ll8 1.5 

21.04 104 105 l.l 

10.54 104 IDS 1.0 

C7 
~ I· ,C 'di:==" 

(, ' Sucha S. Pannar, Ph 

Technical Director 

Page 12 
(B05) 650-1642 • FAX (B05) 650-1644 



• 

/" . .' 0.",. 

Atmospheric Analysis & Consulting, Inc. 

MATRIX 
UNITS 

Method Blank Analvsis ReDort 

AIR 
ppbv 

ANALYSIS DATE 
REPORT DATE 

07127/07 
07/27/07 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

ClienllD Method Blank 
RL 

AACID MB072707 
Chloroditluoromcthanc· <RL 1.0 
Propylene· <RL 1.0 
DiCIDlFMethBnc· <RL 1.0 

HLOROMIITHANE' <RL 1.0 
1,2 Diel· j, 1,2.2-TCLr.lf'Ethanc· <RL 1.0 
VINYL CHLORIDE' <RL 1.0 
Methanol· <RL 5.0 
1.3-Butadienc* <RL 1.0 
BROMOMIITHANE' <RL 1.0 

HLOROETHANE' <RL 1.0 
Dichlorofluoromelhanc <RL 1.0 
Ethanol· <RL 2.0 
Vinyl Bromide· <RL 1.0 
,Acetone· <RL 2.0 

RICHLOROFLUOROMETHANE' <RL 1.0 
I"'''propyl Alcohol' <RL 2.0 
Acrylonilrile· <RL 1.0 
1,1 DICHLOROETHENE' <RL 1.0 
MIITHYLENE CHLORIDE' <RL 1.0 
Allyl CHLORIDE' <RL 1.0 
Carbon disulfide· <RL 1.0 
1,1 ,2_ TR1CHLORO·l,2,2· TRJFLUQROE11-lANE- <RL 1.0 
trans- I ,2- DICHLOROETHYLENE· <RL 1.0 
1,1- DlCHLOROETHANE' <RL 1.0 
MTBE· <RL 1.0 
Vinyl Acetate· <RL 1.0 
MEK· <RL 1.0 
i'- I,2- DlCHLOROETHYLENE' <RL 1.0 

Hexane· <RL 1.0 
CHLOROFORM' <RL 1.0 
Ethyl A [;etatc· <RL 1.0 
Tetrahydrofuran· <RL 1.0 
1.2-DICHLOROETHANE· <RL 1.0 
l.I , I·TRlCHLOROETHANE· <RL 1.0 
BENZENE" <RL 1.0 
CARBON TETRACHLORIDE" <RL 1.0 
Cyclohexane·· <RL 1.0 
1.2-DlCHLOROPROPANE" <RL 1.0 
Bromodichloromcthanc·· <RL 1.0 
1.4-Dioxanc'" <RL 1.0 

RICHLOROETHENE" <RL 1.0 
2,2.4 -T rimct.hyl pentane· * <RL 1.0 
Hep Lanc·· <RL 1.0 

1.1))4 Easlman Avenue • Suite A ,. Ventura, Cali fornia 93003 (805) 650-1642 • FAX (805) 650-1 ~e 13 
e 



Atmospheric Analysis & Consulting, Inc. 

Method Blank Analvsis Report 

MATRIX 
UNITS 

: AIR 
: ppbv 

ANALYSIS DATE : 07127107 
REPORT DATE : 07127107 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

~D iXClD 
"is- 1.3 

I 

""'" 1,3 
.1. 

1 
1.2 

~ 

I~YI 
mo. & po. 

ST 
.1.2.2-

0- X' 

,3.5-~·' 
1,2,4- TRIMETHYI 
IlBenzYI~ 

,J- DIe 
1,4-

,2,4~7~ 
HEXA rADIENE··· 

ivstem 
BFB Id. % 
ItL - ""pu. ""5 ,,"111 

• Blank 
MB072707 

<RL 
<RL 
<RL 
<RL 
<RL 
<RL 
<RL 
<RL 
<RL 
<! 
<' 
<I 
<RL 
<RL 
<RL 
<RL 
< 
< 
< 
<I 
<I 
<I 
<Rl 
<RL 
<RI 

0% 

.. /' Sucha S. Parmar, PhD 
£;" " Technical Director 

RL 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
3.0 
1.0 
I. 

I. 
1.0 
1.0 
5.0 
'.0 
1.0 

--

1534 EaslmanAvenue • SuiteA • Ventura, California 93003 @ (805) 650-1642· FAX (B05) 650-11Rage 14 



Atmospheric Analysis & Consulting, Inc. 

Quality ControVQuality Assurance Report 

Me ID : 070792-27321 
MATRIX : Air 

Compound 

IVI> 

. bon,I' 

inyl !lrom;de' 

~A'ooh'" 
Iyll 

embood""llid .. 

~ .... ·1 .2· 
,I· Olen 

MTBE' 

MIlK' 
le; •• 1,2. 

Hoxan,' 

Elhyl A"tat,' 

DATE ANALYZED 
DATE REPORTED 
UNITS 

TO-IS Duplicate Analysis 

~ Cone 
<KL 

<RL <RL 
<RL <RL 

<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 

<RL <RL 
<RL <RL 

<RL <RL 
j96 597 
<RL <RL 
<RL <RL 

<RL <RL 

<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
jl70 5160 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 

: 07(27/07 
: 07(27/07 
: ppbv 

o/,RPD 

[I.U 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.11 

0.0 
0.0 
0.0 
0.2 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.2 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

.0,0 

Jl." 

1534 Easlman Avenue • Suite A • Venlu,a, California 93003 * (B05) 650-1642 • FAX (B05) 650-16'PIIge 15 



AAelD 
MATRIX 

I 

~is. I.J 

lMiBK" 

~- , 

1,2: 

m-, "'p.: 

il,3,S. 

il,2,4-"_, 
il,3. 

il,4-

~4 

RL- .,_ 

Atmospheric Analysis & Consulting, Inc. 

Quality ControUQuality Assurance Report 

: 070792-27321 
: Air 

Can'pound 

~ 
,Std. % 

"g Limit 

DATE ANALYZED 
DATE REPORTED 
UNITS 

: 07127107 
: 07127107 
: ppbv 

TO-IS Duplicate Analysis 

s;;.::~. 
<RI. 
<RL 
<F 
<F 
<F 
<F 
<F 
<F 
2: 

<F 

<F 
2' 

<RL 
<RL 
<RL 
<RL 
<RL 
<RL 
<RI. 
<RL 
<RL 
<RL 
<RL 
<RL 
<I ,1. 

System 
I % 

. Cone 
-I .. RiD 

<RL ~o 
<RL :0-
<RL 

<RJ .0 
<RJ :0 
<RJ ;:0 
<RJ 0.0 
<RJ 0:0 
<RJ To 
<RJ To 
<RJ To 
<RJ To 
<RJ 0.0 
<Ri 0.0 
<It 0.0 
<RL 0.0 
<RL 0.0 

< 0.0 
0.0 
0.0 

< 0.0 
0.0 
O. 

1000/,- If.? 

,C S=C,~~ 
Sucha S. Parmar, PhD 
Technicru Director 

1534 Eastman Avenue • Suite A • Ventur<l, California 93003 * (805) 650-1642 • FAX (805) 650-16i'llge 16 



Atmospheric Analysis & Consulting, Inc. 

ANALYSIS DATE : 07130/07 

ANALYST , JJG 

INSTRUMENT 10 

STD ID 

VOLATILE ORGANIC COMPOUNDS BY EPA METHOD TQ...15 

Conlinuing Calibralion Verificalion oflhe 07n4/07 CllIlibrntion 

C01l'PiJilhtfs Om£. DaU)lConc. UREC 
-BFB (surrogate standard)··· 10 10.09 101 

Chlorodinuoromcthanc'" 10 10.67 101 
Propylene'" 10 9.54 9S 
DiCIDlFMethanc· 10 10.83 108 

CHLOROMEnlANE'" 10 10.56 106 

1.2 DiG!-I,! ,2.2-TelraFElhanc'" 10 11.24 112 

VINYL CHLORIDE· 10 10.51 lOS 
Methanol'" 10 9.54 9s 
I,l-Butadiene· 10 10.36 104 

BROMOMETIIANE'" 10 10.94 109 

CHLOROETI-lANE'" 10 10.94 109 

DichloronuoromcLhanc· 10 11.68 111 

Ethanol'" 10 10.79 108 
Vinyl Bromide· 10 11.19 112 

celOne· 10 10.37 104 

ffilCHLQROFLUOROMETHANE 10 12.08 121 
Isopropanol· 10 11.09 III 

cryloniLrilc· 10 11.13 III 

1,1 D1CHLOROEmENE· 10 12.06 121 

METHYLENE CHLORIDE'" 10 I 1.86 119 
Allyl CHLORIDE'" 10 12.04 120 
Carbon disulfide· 10 12.19 122 

1,I,2·TRICHLQRQ.I,2,2.TR1FLUO 10 12.74 121 

Imns-I,2- DICHLOROETHYLENU'" 10 10.64 106 

J, J" D1CHLOROETlIANE'" 10 10.51 IDS 
MTBE'" 10 10.83 108 
Vinyl Acetale'" 10 10.80 108 
MEK'" 10 10.38 104 

cis- 1,2- D1CHLOROETHYLENE'" 10 ID.53 lOS 
Bexanc· 10 10.93 109 
[cHLOROFORM'" 10 10.85 109 
Ethyl Acetalc· 10 10.95 110 
TCll.lhydroruran· 10 10.39 104 

1,2-D1CHlOROETIiANE· 10 10.61 106 

1.1.1·llUCHLOROETHANE· 10 10.81 108 

, GClMS·03 

: PS052! 07·02 

1534 Eastman Avenue • Suite A • Venlura, California 93003 (805) 650·1642 • FAX (805) 650.16'1Yage 17 
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Atmospheric Analysis & Consulting, Inc. 

ANALYSIS DAlE : 07/30/07 

ANALYST : JJG 

INSTRUMENT ID 

SID ID 

: GClMS-03 

: PS052107-02 

VOLATILE ORGANIC COMPOUNDS BY EPA METHOD TO-IS 

Continuing Calibration Verification of the 07tl4/07 Calibration 

CQnrrJ()unrls 

BENZENE·· 

CARBON TETRACHLORIDE'" 
Cyclohexanc·· 

1.2-DICHLOROPROPANE·· 

BromodichloromcLhanc·· 

1.4-Dioxanc" 

tJ1u_CHLOROETIlENE" 

2,2,4-Trimclhylpentane"· 
Heptane·· 

cis- 1,3 DICHLOROPROPENE·· 

MiDK·· 

traIl'; 1,3 DlCHLOROPROPENE·· 

I, J ,2-TRJCHLOROETIfANE·· 

!TOLUENE·· 
2-HcxllIlonc·· 

Dibromochloromcthanc" 

1,2 DIBROMOETIlANE'" 

TETRACHLOROETI-lYLENE*· 

CHLOROBENZENE··· 

ETHYLBENZENE·" 
m-, & p- XYLENES··· 

Bromoform··· 

STYRENE··· 

1,1, 2,2- TEITRACHLORETHANE* 
0- XYLENE··· 

Elhyltolucnc"· 

1,3,5- TRlMETIiYLBENZENE··· 

1.2.4- TRIMETIlYLBENZENE·" 
Benzyl Chloride·" 

1,3- DICHLOROBENZENE··· 

I ,4- DICHLOROBENZENE··· 

1,2-DICHLORODENZENE··· 

1.2,4-TRICHLOROBENZENE··· 

HEXACHLOROBUTADlENE··· 

• Internal sId calculatIOn lSI: Bromochloromethanc 

•• Internal sid calculation IS2: l,4-Difluorobenzene 

••• Internal std calculation IS3 : Chlorobenzcne-d5 

%REC should be 70-130% 

ConI'! 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

!! Compound failed criteria and results should be considered estimated, 

1534 Eastman Avenue • Suite A • Ventura, California 93003 

Dailp.Omc "REC 
11.25 113 

11.48 115 

11.48 115 

11.15 112 

11.70 117 

10.49 105 

11.33 113 

11.03 110 

11.46 115 

12.12 121 

11.79 118 

11.54 115 

11.55 116 

11.45 115 

11.26 113 

11.93 119 

11.60 116 

11.34 113 

11.65 117 

11.83 118 

21.45 107 

10.89 109 

11.58 116 

11.02 110 

10.84 108 

12.13 121 

12.18 122 

12.14 121 

10.12 101 

11.69 117 

11.66 117 

11.54 115 

9.98 100 

10.80 108 

Technical Director 

(805) 650-1642 • FAX (805) 650-1 r .. 

Page 18 



Atmospheric Analysis & Consulting, Inc. 

Quality Control/Quality Assurance Report 

CLIENTID 

AACID 

MEDIA 

: Laboratory Control Sp'ike 

: LCS/LCSD 

DATE ANALYZED 

DATE REPORTED 

UNlTS 

: 07/30107 

: 07/30/07 

: ppbv : Air 

Compound 

1, I-DlCHLOROETHYLENE 

METHYLENE CHLORIDE 

BENZENE 

TRiCHLOROETI-lENE 

TOLUENE 

TETRACHLOROETHYLENE 

CHLOROBENZENE 

ETHYLBENZENE 

m-, & p- XYLENES 

o-XYLENE 

• Must be 70-130% 

• • Must be < 25% 

TO-1S Laboratory Control Spike Recovery 

Sample Spike Spike Dup Spike Spike Spike Dup 

Conc. Added Res Res %Rec* % Rec * 

0.0 10.00 12.06 12.21 121 122 

0.0 10.00 11.86 12.09 119 121 

0.0 10.00 11.25 11.42 112 114 

0.0 10.00 11.33 11.56 113 116 

0.0 10.00 11.45 11.64 114 11 6 

0.0 10.00 11.34 11.49 113 11 5 

0.0 10.00 11.65 11.82 116 11 8 

0.0 10.00 11.83 12.04 118 120 

0.0 20.00 21.45 21.80 107 109 

0.0 10.00 10.84 11.03 108 110 

Technical Director 

RPD** 

% 

1.2 

1.9 

J.5 

2.0 

1.6 

1.3 

1.4 

1.8 

1.6 

1.7 

1534 Eastman Avenue • Suite A • Ventura, California 93003 * Page 19 
(80S) 650-1642 • FAX (80S) 650-1644 
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Atmospheric Analysis & Consulting, Inc. 

Method Blank Analvsis Report 

MATRIX 
UNITS 

AIR 
ppbv 

ANALYSIS DATE 
REPORT DATE 

07/30/07 
07/30/07 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

Cliellt JD Method Blank 
RL 

AACID MB 073007 
ChlorodlfluoromeLhanc* <RL 1.0 
Propylene- <RL 1.0 
DiCIDIFMeLhanc* <RL 1.0 
CHLOROMETHANE' <RL 1.0 
1.2 DiCl-l.l,2,2-TetraFEthane'" <RL 1.0 
VINYL CHLORIDE' <RL 1.0 
Methanol· <RL 5.0 
1.3-Butadiene· <RL 1.0 
BROMOMETHANE' <RL 1.0 
CHLOROETHANE' <RL 1.0 
Dichlorofluoromethane <RL 1.0 
Ethanol· <RL 2.0 
Vinyl Bromide'" <RL 1.0 
Acetone'" <RL 2.0 
TRICHLOROFLUOROMETHANE' <RL 1.0 
Isopropyl Alcohol'" <RL 2.0 
Acrylonitrile'" <RL 1.0 
1,1 DICHLOROETHENE' <RL 1.0 
METHYLENE CHLORIDE' <RL 1.0 
Allyl CHLORIDE' <RL 1.0 
Carbon disulfide'" <RL 1.0 
I,I,2_TRICm.oRQ..I,2,2_TRlFLUOROETliANE" <RL 1.0 
1"10,·1,2· DICHLOROETHYLENE' <RL 1.0 
1,1- DICHLOROETHANE' <RL 1.0 
MTBE'" <RL 1.0 
Vinyl Acetate'" <RL 1.0 
MEK'" <RL 1.0 
cis-I,2- DICHLOROETHYLENE'" <RL 1.0 
Hexane'" <RL 1.0 
CHLOROFORM' <RL 1.0 
Ethyl Acetate· <RL 1.0 

etrallydrofuran* <RL 1.0 
1,2-DICHLOROETHANE' <RL 1.0 
I.I,I·TRICHLOROETHANE' <RL 1.0 
BENZENE·· <RL 1.0 
CARBON TETRACHLORIDE·· <RL 1.0 

yclohexane·· <RL 1.0 
1,2-DICHLOROPROPANE"'· <RL 1.0 
Bromodichloromelhanc·· <RL 1.0 
l,4-Dioxane"'· <RL 1.0 

RICHLOROETHENE"'· <RL 1.0 
2.2,4-Trimelhylpentanc"'· <RL 1.0 
Heptane .... <RL 1.0 

1534 Eastman Avenue • Suite A • Ventura, California 93003 (805) 650-1642 ' FAX (805) 650·1 iPI::Ige 20 
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Atmospheric Analysis & Consulting, Inc. 

Method Blank Analvsis ReDort 

MATRIX 
UNITS 

AIR 
ppbv 

ANALYSIS DATE 
REPORT DATE 

07130/07 
07130/07 

VOLATILE ORGANIC COMPOUNDS BY EPA TO-IS 

ClienllD Method Blank RL 
AACTD MB073007 

is- 1,3 DICHLOROPROPENE'" <RL 1.0 
MiBK" <RL 1.0 
trans 1,3 OICHLOROPROPENE" <RL 1.0 
1,1.2-TRJCHLOROETHANE·· <RL 1.0 
OLUENE" <RL 1.0 
-Hexanooe" <RL 1.0 

Dibromochloromethanc" <RL 1.0 
1,2 DlBROMOETHANE" <RL 1.0 
TETRACHLOROETHYLENE" <RL 1.0 
CHLOROBENZENE'" <RL 1.0 
ETHYLBENZENE'·· <RL 1.0 
m-, & p- XYLENES'" <RL 2.0 
Bromofonn'" <RL 3.0 
STYRENE'" <RL 1.0 
1,1.2,2- TETRACHLORETHANE'" <RL 1.0 
- XYLENE'" <RL 1.0 

Ethyltoluenc'" <RL 1.0 
1,3.5- TRIMETHYLBENZENE'" <RL 1.0 
1,2.4- TRlMETHYLBENZENE'" <RL 1.0 
Benzyl Chloride"'" <RL 5.0 
1,3- DICHLOROBENZENE'" <RL 1.0 
1,4- DICHLOROBENZENE'" <RL 1.0 
1,2-DlCHLOROBENZENE'" <RL 1.0 
1,2,4 TRJCHLOROBENZENE'" <RL 1.0 
HEXACHLOROBUTADIENE'" <RL 1.0 

System Monitorinv I m ound!ii 
BFB-Surroe:ate Std. % Recoverv \00% --
RL - Reportlllg Limit 

S;:(ICt2~£~ 
Sucha S. Parmar, PhD t./ 

..?- Technical Director 

1534 Eastman Avenue • Suite A • Ventura, California 93003 (805) 650-1642 • FAX (805) &50-1 (J1:ige 21 



AACID 
MATRLX 

~ . 

~ 

\ . . . 
I (I 

Atmospheric Analysis & Consulting, Inc, 

Quality Control/Quality Assurance Report 

: 070803-27376 
: Air 

CnRlpound 

DATE ANALYZED 
DATE REPORTED 
UNITS 

TO-IS Duplicate Analysis 

S~~~. ..: ... 
1.8 . 8 

~ <Rl. 
J. 3.2 
<J <Rl. 
<J <R: 

: 07130/07 
: 07130/07 
: ppbv 

'Io~D' 

o . 
O. 
1.6 

~ ""E' <J <R: 
<J <R: 
<I <Rl 
<J <Rl 
<I <Rl 

I~ 
<J <Rl 

<J <Rl 

<J -<ru. 
<J -<Rl. 

~ '1<:00.1' 
<J< <R: 
<J <R: 
<I '<Rl. 0.0 

I . IS.l 0.7 
<iU <Rl. 0.0 
<iU <Rl. 0.0 

""no di .. !fid.' <iU <Rl. - 0.0 
, -<Rl <Rl. 0.0 

~ <IU <Rl. 0.0 

J. <!U <Rl. 0.0 

IMliiE' <!U <RL 0.0 

<Rl <Ill. 0.0 

Ii.iW' < <RL 0.0 
rc;;:J,2- 5.6 0.9 

~ • <RI 0.0 
0.0 

.ohviA~;,;,., 0.0 
0.0 

~ 
~. <J < 

<J < 

<I <Rl. 

1534 Easlman Avenue ' Suile A • Venluro, Cal ifornia 93003 ® (B05) 650-1642 ' FAX IB05) 650-16i1ge 22 



Atmospheric Analysis & Consulting, Inc. 


Quality ControUQuality A.,surance Report 

AACID 070803-27376 
MATRIX Air 

Cumpound 

Cyclohexanc·· 
1.2~DJCHLOROPROPANE" 

Bromodlchloromc\hanc·· 
1.4-Dioxanc·· 
TRlCHLOROE'IHENE·· 

,2,4.Trimclhylpcntsnc·· 

Heptane·· 
is. J,3 DICID..OROPROPENE.· 

MlBK"'· 
lrans 1,3 DICHLOROPROPE~'E·. 

,1.2.1RICHLOROETIIANE·· 

TOLUENE·· 
-Hcxanonc·· 

DlbromochloromcthBflc·· 
,2 DmROMOETHANE.· 

TE'IRACm.oRcID1!YLEJ-,'E·· 
HLOROBBNZENE"'·· 
TIIYLBENZEh"E"''' 

m-, & p- A"YLENES••• 
Bromofonn"'·· 

TYRENE"'·· 
,l.2.2-TETRACIll.OREllIANE··· 

-XYLENE··· 
thyltolucnc...• 
,3,5- lRIME1HYLBENZENE+.· 

,2,4- 'IR.IME1HYLBENZENE"· 
Benzyl Chloride··· 
,3- DICID..OROBENZENE··· 

1,4- DICHLOROBENZENE··· 

1,2.DlCHLOROBENZENE··· 

1,2,4 llUCm..OROBENZENE·" 

IHexachlorobutadiene*** 

urrogate Std. %Recoverv 
- eporting Limit 

DATE ANALYZED 
DATE REPORTED 
UNITS 

TO-IS Duplicate Analysis 

Sample. Duplicllte 

Cline Cone 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 

<RL <RL 

<RL <RL 

<RL <RL 
<RL <RL 
<RL <RL 

<RL <RL 

<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 
<RL <RL 

S"stem Monitnrinl! C01l1pnunds 
I 100% 100% 

07130/07 
07130/07 
ppbv 

°AlRPD 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O.ll 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

I 0.2 

1534 Eastman Avenue • Suite A • Ventura, California 93003 (805) 650-1642 • FAX (805) 650-1 6f>nge 23 



AMr::Sr Analysis Lab: MC 
; "" '--' , 
"- I . l f . ;, "; 

._ .... -
AIR QUAL.! T, loLl.. CHAIN OF CUSTODY RECORD 

PROJ. NO. PROJECT NAME (f) is' 5' Client Name 
a: () u: « AM TEST-AIR QUALITY, A Division of Hoefler Group 

8752-001 Parametrix @ City of Tacoma Landfill - Perennial Stack w '7 U ;! 
z () 

'" 0 Client Address 

~ ~ - I-
SAMPLERS: (Signa lure ) CJ .., 

30545 SE 84th St, #51 PO Box 525 1 Preston, WA 98050 
() - '" a 

Z 
'" 0 

N .c. 
0 :2 () 

.., 0; 
Client PhonelFax a :2 (.) >- ,5 

.0 " 
m >. 

425-222-77461425-222-7849 (fax) u.. '" Z :2 .0 
KEF, RDR, KJR, TWG 0 '" Q) ~ >. CJ 

a: '" J: .0 0 Contact Person 
~ () CJ W 0 

> 
Matt Caron CD "0 N :2 ~U) :2 Q) 0 

a: '" x - z .~ ~ P.O. Number => ._ N 

LAB # DATE TIME ::; « LOCATION/DESCRIPTION u.. 0 " g.o 0 0: Z 
?/. ~ <5 8752-001 " '" I- U)e. 

4507 7/19/07 1510· X R-1; #1 Perennial Gas Combustor Inlet 1 X X X Please provide NMOC results in ppmv as CH,. - 7 1610 

4508 7120/07 0831· X R-2; #1 Perennial Gas Combustor Inlet 1 X X X Please provide speciated VOCs in Ilg/m'. - -1031 

4509 7/20107 113S- X R-3A; #1 Perennial Gas Combustor Inlet 1 X X X 1338 

4510 7/20107 
1138- X R-3B; #1 Perennial Gas Combustor Inlet 1 X X X . ' 

1338 .. 

Ie , \ ,-,", 

. -

,1Ii ~ '" 
~- 7/).>7,'7 

1-).'I-~] --[l11 e '" "\ rr;..-- (030 c/fV 
Relinquished by: (Signature) DatefTime Received by: (Signature) Relinquished by: (Signature) Oa\elTime ReceIved by' (SIgf1ature) 

RelinqUIshed by. (Signature) DalefTime Received for Laboratory by: DalelTime Remarks 



PROJECT NARRATIVE 
H7G260160 

The results reported herein are applicable to the samples submitted for analysis only. 

This report shall not be reproduced except in full, without the written approval of the 
laboratory . 

The original chain of custody documentation is included with this report. 

Sample Receipt 

Custody seals were not present. 

Quality Control and Data Interpretation 

Unless otherwise noted, all holding times and QC criteria were met and the test results 
shown in this report meet all applicable NELAC requirements. 

VOST tubes samples were analyzed for the volatile organic target analytes by purge and 
trap GCMS using STL Knoxville standard operating procedures KNOX-MS-OOII and 
KNOX-MS-0015, based on the following methods: 

• SW-846 5041 A, "Analysis for Desorption of Sorbent Cartridges from Volatile 
Organic Sampling Train (VOST)" 

• SW-846 8260B, "Volatile Organic Compounds by Gas Chromatography/ Mass 
Spectrometry (GC/MS)" 

Samples were received as SW-846 method 0031 trains. Each Tenax tube pair and each 
Tenaxl Anasorb tube is separately prepared by spiking a known amount of surrogate onto 
the media using a flash vaporization device. Volatile compounds are introduced into the 
gas chromatograph by thermal desorption of the analytes from the VOST tube using a 
clamshell oven and a purge and trap device. The components are separated using the 
chromatograph and detected using a mass spectrometer, which provides both qualitative 
and quantitative information. 

Sample results were calculated using the following equations: 

TestAmerica Knoxville (formerly STL Knoxville) maintains the following certifications, approvals and accreditations: 
Arkansas DEQ Cert. #05·043-0, California DHS ELAP Cert. #2423. Colorado DPHE, Connecticut DPH Cerl. #PH-
0223, Florida DOH Cert. #E87177, Georgia DNR Cert. #906, Hawaii DOH,lllinois EPA Cert. #000687, Indiana DOH 
Cerl. #C-ll'J-02, Iowa DNR Cert. #375, Kansas DHE Cert. #E-I0349, Kentuck")' DEP Lab 1D #90101, Louisiana DEQ 
Cert. #03079, Louisiana DOHH Cerl. #LA030024, Maryland DHMH Cert. #277, Massachusetts DEP Cer!. #M­
ll'J009, Michigan DEQ Lab 1D #9933, New Jersey DEP Cert. #ll'J001, New York DOH Lab #10781, North Carolina 
DPH Lab 1D #21705, North Carolina DEHNR Cert. #64, Ohio EPA VAP Cer!. #CL0059, Oklahoma DEQ 1D #9415, 
Pennsylvania DEP Cert. #68-00576, South Carolina DHEC Lab 1D #84001001, Tennessee DOH Lab 1D #02014, Utah 
DOH Cert. # QUAN3, Virginia DGS Lab 1D #00165, Washington DOE Lab #C120, West Virginia DEP Cerl. #345, 
Wisconsin DNR Lab ID #998044300, Naval Facilities Engineering Service Center and USDA Soil Permit #S-46424. 
This list of npprovals is subject to change and docs not imply that laboratory certification is available for all parameters 
reported in this environmental sampJe data report. 



PROJECT NARRATIVE 
H7G260160 

VOSTResult,ug = (Onco!umnconcentration,ugl L)* (Purge Vo!ume,L) 

One surrogate recovery for samples PGC #1 Run 3A Tenax and PGC #1 Run 3B Tenax 
were outside QC limits. However, reanalysis of the associated samples was not possible 
since the entire sample was consumed during analysis. Since the recoveries were low, 
the results for the samples may be biased low. 

The concentration of benzene was greater than the calibration range for sample PGC # I 
Run I A Tenax. Reanalysis at a dilution was not possible because the entire sample was 
consumed during analysis. 

Tube 1 of sample PGC #1 Run I C Tenax was broken upon receipt and wrapped in Teflon 
tape. The Tenax sample tubes had to be analyzed separately versus in tandem. Sample 
J3LEPIAA corresponds to tube I, and sample J3LEP2AA corresponds to tube 2. 



SAMPLE SUMMARY 

H7G260160 

SAMPLED SAMP 

WO # SAMPLE# CLIENT SAMPLE ID DATE TIME 

J3LD8 001 PGC #1 RUN lA TENAX 07/19/07 16:10 
J3LEJ 002 PGC #l RUN lA ANASORB 07/19/07 16:10 
J3LEK 003 PGC #l RUN IB TENAX 07/19/07 17:00 
J3LEL 004 PGC #l RUN IB ANASORB 07/19/07 17: 00 
J3LEP 005 PGC #l RUN lC TENAX 07/19/07 17 :59 
J3LEQ 006 PGC #l RUN lC ANASORB 07/19/07 17:59 
J3LET 007 PGC #l RUN 1 FB TENAX 07/19/07 
J3LEV 008 PGC #l RUN 1 FB ANASORB 07/19/07 
J3LEX 009 PGC #l RUN 2A TENAX 07/20/07 09: 11 
J3LEO 010 PGC #l RUN 2A ANASORB 07/20/07 09: 11 
J3LE1 011 PGC #l RUN 2B TENAX 07/20/07 10:06 
J3LE3 012 PGC #1 RUN 2B ANASORB 07/20/07 10:06 
J3LE5 013 PGC #l RUN 2C TENAX 07/20/07 11:08 
J3LE7 014 PGC #l RUN 2C ANASORB 07/20/07 11:08 
J3LE9 015 PGC #l RUN 2 FB TENAX 07/20/07 
J3LFD 016 PGC #l RUN 2 FB ANASORB 07/20/07 
J3LFE 017 PGC #l RUN 3A TENAX 07/20/07 12:18 
J3LFF 018 PGC #l RUN 3A ANASORB 07/20/07 12: 18 
J3LFG 019 PGC #1 RUN 3B TENAX 07/20/07 13: 12 
J3LFH 020 PGC #l RUN 3B ANASORB 07/20/07 13: 12 
J3LFK 021 PGC #l RUN 3C TENAX 07/20/07 14 :05 
J3LFL 022 PGC #1 RUN 3C ANASORB 07/20/07 14 :05 
J3LFM 023 PGC #1 RUN 3 FB TENAX 07/20/07 
J3LFP 024 PGC #l RUN 3 FB ANASORB 07/20/07 
J3LFQ 025 PGC #l RUN TB TENAX 07/20/07 
J3LFR 026 PGC #l RUN TB ANASORB 07/20/07 
J3LFT 027 A-5734 MEDIA CHECK TENAX 07/19/07 
J3LFV 028 A-5735 MEDIA CHECK ANASORB 07/19/07 

NOTE (S) : 
• The analytical results of lhe samples listed above are presented on the following pages. 

- All calculations Ire perfonned berore rounding 10 avoid round-off errors in calculated results. 

· Resull5 noted as -ND ft were not de\ecled at or above the stated limit. 

· This report must not. be reproduced, except in full, without the wrillen approval of the laboratory. 

• R~lls for llle rollowing parameters are never reported on I dry weight basis: color, corrosivily. density. rlashpoinl, ignilabilily, layers, odor, 

paint filler lest, pH. porosity pressure, reaclivily. redox potential. specific gravity, spot tests, solids, solubility. temperature, viscosity. and weight. 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC n RUN 1A TENAX 

Lot-Sample t ... : H7G260160-001 
Date Sampled •.. : 07/19/07 
Prep Date ....•. : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Brornobenzene 
Bromochlorornethane 
Brornodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibrornomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibrorno-3-chloro-

propane 
1,2-Dibromoethane 
Dibrornomethane 
l/2-Dichlorobenzene 
l,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
l,l-Dichloroethane 
l,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
1,1-Dichloroethene 
1,2-Dichloropropane 
l,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
1,1-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3L081AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
0.077 J 0.10 
2.4 E 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
0.0042 J 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.010 
NO 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix .•....... : AIR 

UNITS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample IO: PGC tl RUN lA TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-001 Work Order •... : J3L081AA Matrix ......... : AIR 


REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene 0.0049 J 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene 0.025 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene 0.016 0.010 ug 0.0049 
1,1,1,2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.066 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
l,I,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.0085 J 0.050 ug 0.0080 
1,2,3-Trichloropropane 0.046 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1,3,5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 103 (50 - 134) 
1,2-Dichloroethane-d4 113 (50 - 134 ) 
Toluene-dB 97 (57 - 127) 
Bromofluorobenzene 87 (50 - 125) 

NOTE(S): 

J Estimaled result. Result Is less than RL. 


E Estimaled result. Result concentration exceeds the calibration range. 




Lot-Sample .: H7G260160-001 

, .. / /, 
I c, 

t 

Hoefler Consulting Group Inc 

PGC il RUN lA TENAX 

GC/MS Volatiles 

Work Order i: J3LD81AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER CAS # RESULT TIME UNITS 
Allene 463-49-0 0.10 NJ M 1. 012 9 ug 
Bicyclo[1.1.0]butane 157-33-5 0.073 NJ M 1.1589 ug 
Unknown 0.12 NJ M 1.244 ug 
Unknown 0.069 NJ M 1. 4 934 ug 
Phenylethyne 536-74-3 0.033 NJ M 9.3898 ug 

NOTE(S): 
M: R6Ult was measured against nearest internal 5landard assuming a response factor of 1. 
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Client Sample ID: PGC i1 RUN 1A ANASORB 

GC/MS Volatiles 

Lot-Sample i ... : H7G260160-002 Work Order i ... : J3LEJ1AA Matrix ....... __ : AIR 
Date Sampled... : 07/19/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch i ... : 7208163 
Dilution Factor: 1 Method......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Acetone ND 0.10 ug 0.060 
Benzene ND 0.010 ug 0.0043 
Brornobenzene ND 0.010 ug 0.0055 
Brornochloromethane ND 0.025 ug 0.0055 
Bromodichlorornethane ND 0.010 ug 0.0044 
Bromoform ND 0.025 ug 0.0065 
Bromornethane ND 0.050 ug 0.0078 
2-Butanone ND 0.10 ug 0.032 
n-Butylbenzene ND 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromornethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane 0.046 J 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
l,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane 0.027 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
1,1-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane ND 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
1,1-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulti~g Group Inc 

Client Sample ID: PGC II RUN lA ANASORB 

GC/MS Volatiles 

Lot-Sample # .•• : H7G260160-002 Work Order t ... : J3LEJ1AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene ND 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,I,I,2-Tetrachloroethane NO 0.010 ug 0.0046 
1, 1, 2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachlaroethene NO 0.010 ug 0.0044 
Toluene 0.0039 J 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
l,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,I,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
l,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
l,3,5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 101 (50 - 134) 
l,2-Dichloroethane-d4 104 (50 - 134) 
Toluene-dB 94 (57 - 127) 
Bromofluorobenzene 90 (50 - 125) 

NOTE (S) : 
J Estlmated result Resull is less Utan RL. 
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Hoefler Consulti.ng Group Inc 

PGC il RUN lA ANASORB 

GC/MS Volatiles 

Lot-Sample .: H7G260160-002 Work Order i: J3LEJ1AA Matrix: AIR 

MASS SPECTROI1ETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOONDS 

PARAMETER CAS 
Unknown 
Unknown 

# 
ESTIMATED 
RESULT 
0.032 NJ 
0.037 NJ 

RETENTION 
TIME 

M 13.144 
M 14.494 

UNITS 
ug 
ug 

NOTE (5) : 
M: Result was me.1S~ed 19Iinst neilfest internal standard assuming • r6pOmC rac:1.Ot or 1. 

http:Consulti.ng
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Client Sample 10: PGC II RUN lB TENAX 

Lot-Sample ••.. : H7G260160-003 
Date Sampled ... : 07/19/07 
Prep Date ...... : 07/30/07 
Prep Batch •... : 7208163 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromornethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
l,2-Dibromo-3-chloro-

propane 
1,2-Dibromoethane 
Dibromornethane 
1,2-Dichlorobenzene 
l,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluorornethane 
lr1-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
1,1-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-0ichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LEK1AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
0.60 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0 . 010 
NO 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO O. 010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix ••.....•. : AIR 

UNITS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0 . 0071 
ug 0 . 0034 
ug 0 . 0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample 10: PGC .1 RUN 1B TENAX 

GC/MS Volatiles 

Lot-Sample •... : H7G260160-003 Work Order i ... : J3LEKlAA Matrix ......... : AIR 


REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.062 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene 0.00B6 J 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene 0.0053 J 0.010 ug 0.0049 
I, I, l,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.025 0.010 ug 0.0027 
1, 2, 3-Trichlorobenzene NO 0.025 ug 0.0056 
I, 2, 4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,l,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug O.OOBO 
1, 2, 3-Trichloropropane NO 0.025 ug 0.0099 
1, 2, 4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 108 (50 - 134 ) 
l,2-Dichloroethane-d4 115 (50 - 134) 
Toluene-dB 97 (57 - 127) 
Bromofluorobenzene 95 (50 - 125) 

NOTE(S) : 
J Estimated result. Result is less \han RL. 
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Hoefler Consulting Group Inc 

PGC 11 RUN IB TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-003 Work Order i: J3LEKlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTIMATED RETENTION 
:::CA=S_#'---__ "R=E=-SU"'L=-T=---__ .=.T",IM",E=--_ UNITS 

ug 



Hoefler Consulting Group Inc 


Client Sample 10: PGC ill RUN IB lINASORB 


GC/MS Volatiles 

Lot-Sample .... : H7G260160-004 Work Order t ... : J3LEL1AA Matrix ......... : AIR 
Date Sampled..• : 07/19/07 Date Received .. : 07/25/07 
Prep Date ••• __ ~: 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch i ... : 7208163 
Dilution Factor: 1 Method......... : SW846 VOST 

. REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Brornobenzene NO 0.010 ug 0.0055 
Brornochlorornethane NO 0.025 ug 0.0055 
Brornodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene ND 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane 0.058 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane 0.030 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropa~e NO 0.010 ug 0.0045 
l,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene ND 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample 10: PGC il RDN lB ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-004 Work Order •... : J3LEL1AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.015 J 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I, I, 1,2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1/2 / 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0037 J 0.010 ug 0.0027 
1,2 / 3-Trichlorobenzene NO 0.025 ug 0.0056 
1/2 / 4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.076 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trirnethylbenzene NO 0.010 ug 0.0063 
1,3,5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene ND 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 107 (50 - 134) 
1,2-Dichloroethane-d4 107 (50 - 134) 
Toluene-d8 99 (57 - 127) 
Brornofluorobenzene 89 (50 - 125) 

NOTE(S): 
J Estimated result. Result is less than RL. 
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Hoefler Consulting Group Inc 

PGC #1 RUN IS ANASORS 

GC/MS Volatiles 

Lot-Sample .: H7G260160-004 Work Order .: J3LEL1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
Unknown 

NOTE (S) : 

ESTIMATED RETENTION 
",CA~S~ff!...-__ ~R",ES~U~L",T~ __ TIME 

0.055 NJ M 14.496 

M: Result was measured against nearest internal standard anuming a rl!$ponse factor of 1. 

UNITS 
ug 
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Hoefler Consulting Group Inc 

Client Sample 1D: PGC i1 RUN 1C TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-005 Work Order t ... : J3LEP1AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Matrix ...... ___ : AIR 

Date Sampled ... : 07/19/07 
Prep Date ...... : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 Method ......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIllIT UNITS MDL 

Acetone 0.31 0.10 ug 0.060 

Benzene 0.17 0.010 ug 0.0043 

Bromobenzene ND 0.010 ug 0.0055 

Brornochlorornethane ND 0.025 ug 0.0055 

Brornodichloromethane ND 0.010 ug 0.0044 

Bromoform ND 0.025 ug 0.0065 

Bromornethane ND 0.050 ug 0.0078 

2-Butanone ND 0.10 ug 0.032 

n-Butylbenzene ND 0.010 ug 0.0077 

sec-Butylbenzene NO 0.010 ug 0.0096 

tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide 0.028 0.010 ug 0.0042 

Carbon tetrachloride NO 0.010 ug 0.0034 

Chlorobenzene NO 0.010 ug 0.0043 

Chlorodibrornomethane NO 0.025 ug 0.0038 

Chloroethane NO 0.050 ug 0.0039 

Chloroform NO 0.010 ug 0.0046 

Chloromethane NO 0.050 ug 0.0060 

2-Chlorotoluene NO 0.010 ug 0.0054 

4-Chlorotoluene NO 0.010 ug 0.0057 

1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1/2-Dibromoethane NO 0.025 ug 0.0039 

Dibromornethane NO 0.025 ug 0.0064 

1,2-Dichlorobenzene NO 0.010 ug 0.0059 

1,3-Dichlorobenzene NO 0.010 ug 0.0064 

1,4-Dichlorobenzene NO 0.010 ug 0.0074 

Dichlorodifluoromethane 0.035 0.025 ug 0.0052 

l,l-Dichloroethane NO 0.010 ug 0.0034 

1,2-Dichloroethane NO 0.010 ug 0.0048 

cis-l,2-Dichloro~thene NO 0.010 ug 0.0050 

trans-l,2-Dichloroethene NO 0.010 ug 0.0038 

l,l-Dichloroethene NO 0.010 ug 0.0057 

1,2-Dichloropropane NO 0.010 ug 0.0045 

1,3-Dichloropropane NO 0.010 ug 0.0071 

2,2-Dichloropropane NO 0.010 ug 0.0034 

cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 

l,l-Dichloropropene NO 0.010 ug 0.C042 

(Continued on next page) 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC i1 RUN 1C TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-005 Work Order t ... : J3LEP1AA Matrix......... : AIR 


REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.13 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I, I, l/2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0096 J 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1, 2, 4-Trichloro- NO 0.025 ug 0.0066 

benzene 
l,l,I-Trichloroethane NO O. 025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 1.6 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
11 3, 5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xy1ene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 100 (50 - 134) 
lr2-Dichloroethane-d4 102 (50 - 134) 
Toluene-dS 96 (57 - 127) 
Bromofluorobenzene 81 (50 - 125) 

NOTE(S): 
J Estimaled result. Resull is less than RL. 



Hoefler Consulting Group Inc 

PGC #1 RUN lC TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-005 Work Order t: J3LEPlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEH (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTII'.ATED RETENTION 
PARAMETER CAS » RESULT TIME UNITS 
Unknown 0.072 NJ M 1.1223 ug 
Butane, 2-methyl- 78-78-4 0.046 NJ H 1. 4 387 ug 

NOTE (S) : 
M: Resull was mea.sured 19I1inst nearest inlemal standard assuming a response facwr of 1. 



Hoefler Consulting Group Inc 

Client Sample IO: PGC tl RUN IC TENAX 

GC/MS Volatiles 

Lot-Sample .... : H7G260160-005 Work Order i ... : J3LEP2AA Matrix ......... : AIR 
Date Sampled..• : 07/19/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch 11 ••• : 7208163 
Dilution Factor: 1 Method......... : SII846 VOST 

REPORTING 
PARAME:TE:R RE:SULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Brornornethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
l,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
l,2-Dibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
l,2-Dichlorobenzene NO 0.010 ug 0.0059 
l,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
1,1-Dichloroethane NO 0.010 ug 0.0034 
l,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropar.e NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l - Dichloroproper.e NO 0.010 ug 0.0042 

(Continued on next page) 
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Hoefler Consulting Group Inc 

Client Sample 10: PGC i1 RUN 1C TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-005 Work Order •... : J3LEP2AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.059 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I, I, 1,2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachlo~oethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
l,I,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trirnethylbenzene NO 0.010 ug 0.0063 
11 3 1 5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 101 (50 - 134) 
1,2-0ichloroethane-d4 103 (50 - 134) 
Toluene-d8 95 (57 - 127) 
Brornofluorobenzene 80 (50 - 125) 
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Hoefler Consult~ng Group Inc 

PGC II RUN lC TENAX 

GC/MS Volatiles 

Lot-Sample #: H7G260160-005 Work Order i: J3LEP2AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER C",A",S,,-,#,-,___ RES ULT TIME UNITS 
None ug 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC 11 RUN lC ANASORB 

Lot-Sample t ... : H7G260160-006 
Date Sampled ... : 07/19/07 
Prep Date ...... : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Bromochloromethane 
Brornodichloromethane 
Bromoform 
Brornomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromornethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
l,2-Dibromo-3-chloro-

propane 
l,2-Dibrornoethane 
Dibrornomethane 
liZ-Dichlorobenzene 
l,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
l,l-Dichloroethane 
1,2-0ichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
l,l-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LEQ1AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Method .•.•..... : SW846 VOST 

REPORTING 
RESULT LIMIT 
ND 0.10 
ND 0.010 
ND 0.010 
ND 0.025 
ND 0.010 
ND 0.025 
ND 0.050 
ND 0.10 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.025 
ND 0.050 
ND 0.010 
0.023 J 0.050 
ND 0.010 
NO 0.010 
NO 0.050 

ND 0.025 
ND 0.025 
ND 0.010 
ND 0.010 
ND 0.010 
0.024 J 0.025 
NO 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
NO 0.010 
ND 0.010 
NO 0.010 
ND 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix ......... : AIR 

UNITS MDL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample 10: PGC U RUN 1C ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-006 Work Order t ... : J3LEQ1AA Matrix ~ ~ ~ ~ ~ ~ ~ ~ ~: AI R 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO ·0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.016 J 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO "0.010 ug 0.0049 
1/1,l/2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
l,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
l,l,l-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluorornethane NO 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trirnethylbenzene NO 0.010 ug 0.0063 
1,3,5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 103 (50 - 134) 
1,2-Dichloroethane-d4 108 (50 - 134) 
Toluene-d8 97 (57 - 127) 
Brornofluorobenzene 87 (50 - 125) 

NOTE(S) : 
J Estimated result. Result is less than RL. 



Hoefler Consulti~g Group Inc 

PGC III RUN IC ANASORB 

GC/MS Volatiles 

Lot-Sample i: H7G260160-006 Work Order .: J3LEQlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER CAS # 
None 

ESTIMATED RETENTION 
'-"RE"'S"'U"'L"'T'-----__ -=-T ",I M"'E=----_ UNITS 

ug 



Hoefler Consult~ng Group Inc 

Client Sample ID: PGC #1 RUN 1 FB TENAX 

GC/MS Volatiles 

Lot-Sample fl ... : H7G260160-007 Work Order i ... : J3LETlAA Matrix ......... : AIR 
Date Sampled... : 07/19/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/27/07 Analysis Date .. : 07/27/07 
Prep Batch t ... : 7207287 
Dilution Factor: 1 Method ........• : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Brornobenzene NO 0.010 ug 0.0055 
Bromochlorornethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Brornomethane NO 0.050 ug 0.0078 
2-Butanone ND 0.10 ug 0.032 
n-Butylbenzene ND 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibrornomethane NO 0.025 ug 0.0038 
Chloroethane ND 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane ND 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibrornoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1/4-Dichlorobenzene ND 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene ND 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
l,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloroproper.e NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
1,1-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC .1 RUN 1 FB TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-007 Work Order •... : J3LET1AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styr.ene NO 0.010 ug 0.0049 
1 , I,l/2-Tetrachloroethane NO 0.010 ug 0.0046 
1, 1, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tctrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
lIllI-Trichloroethane NO 0.025 ug 0.0051 
1, 1, 2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluorornethane NO 0.050 ug 0.0080 
1, 2, 3-Trichloropropane NO 0.025 ug 0.0099 
1, 2, 4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, S-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 95 (50 - 134) 
1,2-Dichloroethane-d4 92 (50 - l34) 
Toluene-d8 98 (57 - 127) 
Brornofluorobenzene 84 (50 - 125) 



Hoefler Consulting Group Inc 

PGC 1I1 RUN 1 FB TENAX 

GC/MS Volatiles 

Lot-Sample i: H7G260160 - 007 Work Order .: J3LETlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER "CA'-'S"----#"--~~ RESULT TIME UNITS 
None ug 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC II RUN 1 FB ANASORB 

Lot-Sample t ... : H7G260160-008 
Date Sampled ... : 07/19/07 
Prep Date ...... : 07/27/07 
Prep Batch •... : 7207287 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Bromochlorornethane 
Brornodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibrorno-3-chloro-

propane 
l,2-Dibrornoethane 
Dibrornornethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
l,4-Dichlorobenzene 
Dichlorodifluoromethane 
l,l-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
l,l-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LEVlAA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/27/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
ND 0.010 
0.0077 J 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix .......•. : AIR 

UNITS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
c:g 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample 10: PGC f1 RUN 1 FB ANASORB 

GC/HS Volatiles 

Lot-Sample ' .•• : H7G260160-008 Work Order t ... : J3LEV1AA Matrix ............. : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0 . 0085 
Methylene chloride NO 0.025 ug 0 . 012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1, I, 1, 2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
l,l,l-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2,3-Trichlaropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
I, 3, 5-Trimethylbenzene NO 0.010 ug 0 . 0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0 . 0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 96 (50 - 134) 
1,2-0ichloroethane-d4 95 (50 - 134) 
Toluene-d8 93 (57 - 127) 
Bromofluorobenzene 79 (50 - 125 ) 

NOTE (5): 
J Estimaled result. Re.!ult H leu than RL. 
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Hoefler Consulting Group Inc 

PGC #l RUN 1 FB ANASORB 

GC/MS Volatiles 

Lot-Sample i: H7G260160-008 Work Order i: J3LEV1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

CAS # 
ESTIMATED 
RESULT 

RETENTION 
TIME UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample 10: PGC tl RUN 2A TENAX 

GC/MS Volatiles 

Lot-Sample .... : H7G260160-009 Work Order t ... : J3LEX1AA Matrix • ........ : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch .... : 7208163 
Dilution Factor: 1 Method . • ......• : SW846 VOST 

. REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0 . 0044 
Bromoform NO 0.025 ug 0.0065 
Brornornethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO D.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromornethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0 . 0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2 - 0ibromo-3-chloro- NO 0.050 ug 0.016 

propane 
l,2-Dibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
l,2-D1chlorobenzene NO 0.010 ug 0.0059 
l,3-Dichlorobenzene NO 0.010 ug 0.0064 
l,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane 0.0072 J 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
l,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane ND 0.010 ug 0.0045 
l,3-Dichloropropane NO 0.010 ug 0 . 0071 
2,2 - Dichloropropane NO 0.010 ug 0.0034 
cis - l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene ND 0.010 ug 0.00 39 
l,l - Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



" 

Hoefler Consulting Group Inc 

Client Sample 10: PGC .1 RUN 2A TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-009 Work Order t ... : J3LEX1AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 uq 0.0032 
Hexachlorobutadiene NO 0.025 uq 0.0041 
2-Hexanone NO 0.10 uq 0.018 
Isopropylbenzene NO 0.010 uq 0.0058 
p-Isopropy1to1uene NO 0.010 uq 0.0085 
Methylene chloride 1.2 0.025 uq 0.012 
4-Methyl-2-pentanone NO 0.10 uq 0.029 
Naphthalene NO 0.025 uq 0.0066 
n-Propylbenzene NO 0.010 uq 0.0054 
Styrene NO 0.010 uq 0.0049 
1/I,l/2-Tetrachloroethane NO 0.010 uq 0.0046 
1, 1,2, 2-Tetrachloroethane NO 0.025 uq 0.0067 
Tetrachloroethene NO 0.010 uq 0.0044 
Toluene 0.0028 J 0.010 uq 0.0027 
1, 2, 3-Trichlorobenzene NO 0.025 uq 0.0056 
l,2,4.-Trichloro- NO 0.025 uq 0.0066 

benzene 
l/l/l-Trichloroethane NO 0.025 uq 0.0051 
1, 1, 2-Trichloroethane NO 0.025 uq 0.0056 
Trichloroethene NO 0.010 uq 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1/2,3-Trichloropropane NO 0.025 ug 0.0099 
1, 2, 4-Trirnethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xy1ene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 99 (50 - 134) 
1,2-0ichloroethane-d4 97 (50 - 134) 
Toluene-d8 92 (57 - 127) 
Brornofluorabenzene 79 (50 - 125) 

NOTE(S}: 
J Estimated (esull. Re5&J1I is less thin Rl. 



Hoefler Consulting Group Inc 

PGC HI RUN 2A TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260l60-009 Work Order .: J3LEXlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARA."1ETER 
None 

ESTIMATED RETENTION 
"'CA"'S"---'#'---__ "R.=!E~S U",L~T~__ .=.T:;I M="'E"----_ UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample ID: PGC fll RUN 2A ANASORB 

Lot-Sample fl .•. : H7G260160-010 
Date Sampled ... : 07/20/07 
Prep Date ...... : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Brornobenzene 
Brornochlorornethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibrorno-3-chloro-

propane 
1,2-Dibromoethane 
Dibromornethane 
l,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
1,1-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
1,1-Dichloropropene 

GC/MS Volatiles 

Work Order i ... : J3LE01AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Method •.•.•.••. : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
ND 0.010 
ND 0.010 
ND 0.025 
ND 0.010 
NO 0.025 
NO 0.050 
ND 0.10 
ND 0.010 
ND 0.010 
ND 0.010 
NO 0.010 
ND 0.010 
ND 0.010 
NO 0.025 
NO 0.050 
ND 0.010 
0.064 0.050 
ND 0.010 
ND 0.010 
NO 0.050 

ND 0.025 
ND 0.025 
ND 0.010 
ND 0.010 
NO 0.010 
0.062 0.025 
ND 0.010 
ND 0.010 
ND 0.010 
NO 0.010 
NO 0.010 
ND 0.010 
NO 0.010 
ND 0.010 
ND 0.010 
NO 0.010 
ND 0.010 

(Continued on next page) 

Matrix~ ........ : AIR 

UNITS MDL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consult~ng Group Inc 

Client Sample IO: PGC il RilN 2A ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-010 Work Order i ... : J3LE01AA Matrix......... : AIR 


REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.020 J 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,1,1,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0070 J 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I,l, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.020 J 0.050 ug 0.0080 
I, 2, 3-Trichloropropane NO 0.025 ug 0.0099 
I, 2, 4-Trimethylbenzene NO 0.010 ug 0.0063 
l,3,5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xy1ene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluorornethane 102 (50 - 134) 
1,2-Dichloroethane-d4 100 (50 - 134) 
Toluene-d8 97 (57 - 127) 
Brornofluorobenzene 88 (50 - 125) 

NOTE(S): 
J Estimated result Result is less than RL 



Hoefler Consulting Group Inc 

PGC U RUN 2A ANASORB 

GC/MS Volatiles 

Lot-Sample .: H7G260160-010 Work Order .: J3LE01AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOuNDS 

ESTIMATED 
PARAMETER ",CA",S,,-,#,--· _ __ RESULT 
None 

RETENTION 
TIME UNITS 

ug 



Hoefler Consulti.ng Group Inc 

Client Sample 1D: PGC il RUN 2B TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-011 Work Order t ... : J3LE11AA Matrix ......... : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...•.. : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 Method......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene 0.77 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Brornochloromethane NO 0.025 ug 0.0055 
Brornodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Ch1orotoluene NO 0.010 ug 0.0057 
1,2-Dibrorno-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibromoethane ND 0.025 ug 0.0039 
Dibromornethane ND 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluorornethane NO 0.025 ug 0.0052 
1,1-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene ND 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene ND 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 
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Hoefler Consulting Group Inc 

Client Sample 10: PGC il RUN 2B TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-011 Work Order t ... : J3LE11AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene 0.0035 J 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p~Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.017 J 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,I,I,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, 1, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene 0.0058 J 0.010 ug 0.0044 
Toluene 0.038 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4.-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.013 J 0.050 ug 0.0080 
1, 2, 3-Trichloropropane NO 0.025 ug 0.0099 
1, 2, 4.-Trirnethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene 0.0093 J 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 103 (50 - 134) 
1,2-Dichloroethane-d4 104 (50 - 134) 
Toluene-dB 97 (57 - 127) 
Bromofluorobenzene 83 (50 - 125) 

NOTE (5) : 
J Estimated result. Result is less than Rl. 



Hoefler Consulting Group Inc 

PGC #1 RUN 2B TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-011 Work Order .: J3LEllAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER ",CA,",,-S_~,,----c-_ RESULT ",T.-"I",M",E__ UNITS 
1,3-Butadiene 106-99-0 0.030 NJ M 1.1614 ug 

NOTECS): 
M: RHIJIl was measured agalnsl l'leares« Internal standard assuming a respomc ractor of 1. 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC *1 RDN 2B ANASORB 

Lot-Sample t ... : H7G260160-012 
Date Sampled ... : 07/20/07 
Prep Date ...... : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Brornobenzene 
Bromochlorornethane 
Brornodichlorornethane 
Bromoform 
Brornornethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibrornomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibromo-3-chloro-

propane 
l,2-Dibrornoethane 
Dibromornethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
1,1-Dichloroethene 
l,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LE31AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
ND 0.10 
ND 0.010 
ND 0.010 
ND 0.025 
ND 0.010 
ND 0.025 
ND 0.050 
ND 0.10 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.025 
ND 0.050 
ND 0.010 
0.044 J 0.050 
ND 0.010 
ND 0.010 
ND 0.050 

ND 0.025 
ND 0.025 
ND 0.010 
ND 0.010 
ND 0.010 
0.035 0.025 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
NO 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 

(Continued on next page) 

Matrix ....•.... : AIR 

UNITS MDL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 
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Hoefler Consulting Group Inc 

Client Sample TO: PGC U RUN 2B ANASORB 

GC/MS Volatiles 

Lot-Sample •... : H7G260160-012 Work Order •... : J3LE31AA Matrix~ ~ ....... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0 . 10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1/1/1/2-Tetrachloroethane NO 0.010 ug 0.0046 
1, 1, 2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0064 J 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1, 2, 4.-Trichloro- NO 0.025 ug 0.0066 

benzene 
lil,I-Trichloroethane NO 0.025 ug 0.0051 
1,lt2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluorornethane NO 0.050 ug 0.0080 
1, 2, 3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0 . 0063 
1, 3, 5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 100 (50 - 134 ) 
1,2 - 01chloroethane-d4 105 (50 - 134 ) 
Toluene-d8 96 (57 - 127) 
Bromofluorobenzene 91 (50 - 125) 

NOTE(S): 
J Eulmlltd result. Resull is 1m than RL. 
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Hoefler Consul ti,ng Group Inc 

PGC il RUN 2B ANASORB 

GC/HS Volatiles 

Lot-Sample . : H7G260160-012 Work Order .: J3LE31AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

CAS # 
ESTIMATED 
RESULT 

RETENTION 
TIME UNITS 

ug 
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Hoefler Consulting Group Inc 

Client Sample ID: PGC il RUN 2C TENAX 

GC/MS Volatiles 

Lot-Sample t . .. : H7G260160-013 Work Order i ... : J3LE51AA Matrix ......... : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch t . .. : 7208163 
Dilution Factor: 1 Method ......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene 0.16 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Brornodichloromethane NO 0.010 ug 0.0044 
Bromoform ND 0.025 ug 0.0065 
Bromomethane ND 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene ND 0.010 ug 0.0043 
Chlorodibromomethane ND 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
l,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
l,2-Dibromoethane NO 0.025 ug 0.0039 
Dibrornornethane NO 0.025 ug 0.0064 
l,2-Dichlorobenzene ND 0.010 ug 0.0059 
l,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
lrl-Dichloroethane NO 0.010 ug 0.0034 
l,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane ND 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample IO: PGC III RUN 2C TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-013 Work Order fl •.. : J3LE51AA Matrix ........• : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Ethy1benzene ND 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug O.OlB 
Isopropylbenzene NO 0.010 ug 0.005B 
p-Isopropyltoluene ND 0.010 ug 0.00B5 
Methylene chloride 0.062 0.025 ug 0.012 
4-Methyl-2-pentanone ND 0.10 ug 0.029 
Naphthalene ND 0.025 ug 0.0066 
n-Propylbenzene ND 0.010 ug 0.0054 
Styrene ND 0.010 ug 0.0049 
I, I, 1,2-Tetrachloroethane ND 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane ND 0.025 ug 0.0067 
Tetrachloraethene ND 0.010 ug 0.0044 
Toluene 0.012 0.010 ug 0.0027 
1,2,3-Trichlorobenzene ND 0.025 ug 0.0056 
1,2,4-Trichloro- ND 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane ND 0.025 ug 0.0051 
1,1,2-Trichloroethane ND 0.025 ug 0.0056 
Trichloroethene ND 0.010 ug 0.0099 
Trichlorofluoromethane 0.00B7 J 0.050 ug O.OOBO 
I, 2, 3-Trichloropropane ND 0.025 ug 0.0099 
1,2,4-Trirnethylbenzene ND 0.010 ug 0.0063 
I, 3, 5-Trimethylbenzene ND 0.010 ug 0.0074 
Vinyl chloride ND 0.010 ug 0.0032 
m-Xylene & p-Xylene ND 0.020 ug 0.0072 
a-Xylene ND 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 107 (50 - 134) 
1,2-Dichloroethane-d4 110 (50 - 134) 
Toluene-dB B6 (57 - 127) 
Bromofluorobenzene 51 (50 - 125) 

NOTE(S): 
J Estimatl!d resull. Result is less than RL 



Hoefler Consulting Group Inc 

PGC 1I1 RUN 2C TENAX 

GC/MS Volatiles 

Lot-Sample i: H7G260160-013 Work Order t: J3LES1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTI/1ATED RETENTION 
PARAMETER ~C~A~S~: ______ ~R~E~S~U~L~T_____ TIMS UNITS 
None ug 
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Hoefler Consulting Group Inc 

Client Sample IO: PGe il RUN 2C A.'lASORB 

Ge/MS Volatiles 

Lot-Sample t ... : H7G260160-014 Work Order .... : J3LE71AA Matrix •........ : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch i ... : 7208163 
Dilution Factor: 1 Method .......•. : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromornethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylhenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane 0.015 J 0.050 ug 0.0060 
2-Ch1oroto1uene NO 0.010 ug 0.0054 
4 -Ch1oroto1uene NO 0.010 ug 0.0057 
1,2-Dibrorno-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-0ibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane 0.030 0.025 ug 0.0052 
1,1-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
l,2-Dichloropropane NO 0.010 ug 0.0045 
l,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample 10: PGC III RUN 2C ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-014 Work Order •... : J3LE71AA Matrix....•.... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I, I, 1,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0052 J 0.010 ug 0.0027 
1, 2, 3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.020 J 0.050 ug 0.0080 
l,2,3-Trichloropropane NO 0.025 ug 0.0099 
I, 2, 4-Trimethylbenzene NO 0.010 ug 0.0063 
1,3,5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 100 (50 - 134) 
1,2-Dichloroethane-d4 103 (50 - 134) 
Toluene-dB 97 (57 - 127) 
Brornofluorobenzene 90 (50 - 125) 

NOTE(S): 
J Estlmaled resull. Resull is less than RL. 



Hoefler Consulting Group Inc 

PGC U RUN 2C ANASORB 

GC/MS Volatiles 

Lot-Sample .: H7G260160-014 Work Order t: J3LE71AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER CAS # 
None 

ESTIMATED 
RESULT 

RETENTION 
TIME UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample ID: PGC *1 RUN 2 FB TENAX 

Lot-Sample t ... : H7G260160-015 
Date Sampled ... : 07/20/07 
Prep Date ...... : 07/27/07 
Prep Batch t ... : 7207287 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Brornochloromethane 
Brornodichlorornethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromornethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
l,2-Dibrorno-3-chloro-

propane 
l,2-Dibrornoethane 
Dibrornornethane 
l,2-Dichlorobenzene 
l,3-Dichlorobenzene 
l,4-Dichlorobenzene 
Dichlorodifluoromethane 
1,1-DichloroethBne 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
l,l-Dichloroethene 
1,2-Dichloropropane 
l,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order •... : J3LE91AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/27/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
ND 0.10 
ND 0.010 
ND 0.010 
ND 0.025 
ND 0.010 
ND 0.025 
ND 0.050 
ND 0.10 
ND 0.010 
ND 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
ND 0.025 
NO 0.050 
NO 0.010 
NO 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix ......... : AIR 

UNITS MDL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 
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Hoefler Consulti~g Group Inc 

Client Sample 10: PGC il RUN 2 FB TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-015 Work Order t ... : J3LE91AA Matrix ~ . _ .. ___ .: AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethy1benzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I/I/l/2-Tetrachloroethane NO 0.010 ug 0.0046 
I,I,2 / 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
l,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
l,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
lil,I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
l,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 100 (50 - 134) 
1,2-0ichloroethane-d4 100 (50 - 134) 
Toluene-dB 100 (57 - 127) 
Brornofluorobenzene 83 (50 - 125) 



Of! 

.I O ~ "' 

Hoefler Consulting Group Inc 

PGC U RUN 2 FB TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-015 Work Order .: J3LE91AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTI~~TED RETENTION 
"'CA'-'S"--'#'--__ -'-'R"'E"-SU"'L"'T'--__ T I ME UN I TS 

ug 



Hoefler Consulting Group Inc 

Client Sample 10: PGC il RUN 2 FB ANASORB 

GC/MS Volatiles 

Lot-Sample fI ••• : H7G260160-016 Work Order II ... : J3LFD1M Matrix ......... : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/27/07 Analysis Date .. : 07/27/07 
Prep Batch II ... : 7207287 
Dilution Factor: 1 Method ......... : SWB46 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Acetone ND 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Brornobenzene NO 0.010 ug 0.0055 
Brornochlorornethane NO 0.025 ug 0.0055 
Brornodichlorornethane NO 0.010 ug 0.0044 
Bromoform ND 0.025 ug 0.0065 
Brornomethane ND 0.050 ug 0.0078 
2-Butanone ND 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride ND 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane ND 0.025 ug 0.0038 
Chloroethane ND 0.050 ug 0.0039 
Chloroform ND 0.010 ug 0.0046 
Chloromethane 0.0079 J 0.050 ug 0.0060 
2-Chlorotoluene ND 0.010 ug 0.0054 
4-Chlorotoluene ND 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibromoethane ND 0.025 ug 0.0039 
Dibromornethane ND 0.025 ug 0.0064 
1,2-Dichlorobenzene ND 0.010 ug 0.0059 
1,3-Dichlorobenzene ND 0.010 ug 0.0064 
1,4-Dichlorobenzene ND 0.010 ug 0.0074 
Dichlorodifluoromethane ND 0.025 ug 0.0052 
l,l-Dichloroethane ND 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene ND 0.010 ug 0.0038 
l,l-Dichloroethene ND 0.010 ug 0.0057 
1,2-Dichloropropane ND 0.010 ug 0.0045 
l,3-Dichloropropane ND 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene ND 0.010 ug 0.0039 
trans-l,3-Dichloropropene ND 0.010 ug 0.0039 
l,l-Dichloropropene ND 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample 10: PGC U RUN 2 FB JlNASORB 

GC/HS Volatiles 

Lot-Sample t ... : H7G260160-016 Work Order t ... : J3LFOlAA Matrix .•.....•. : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,I,l,2-Tetrachloroethane NO 0.010 ug 0.0046 
l,l,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
l,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
I, 2, 4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluorornethane 101 (50 - 134) 
1,2-0ichloroethane-d4 98 (50 - 134) 
Toluene-d8 93 (57 - 127) 
Bromofluorobenzene 84 (50 - 125) 

NOTE(S) : 
J Estimlte<l result RMUII is leu than RL. 
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Hoefler Consulting Group Inc 

PGC #1 RUN 2 FB ANASORB 

GC/MS Volatiles 

Lot-Sample i: H7G260160-016 Work Order i: J3LFD1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTIMATED RETENTION 
""CA"'S"--'#'---__ -,-,R,,-E S"'U"'L"'T'--__ T I ME UNITS 

ug 
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Hoefler Consult~ng Group Inc 

Client Sample 10: PGC II RUN 3A TENAX 

GC/HS Volatiles 

Lot-Sample i ... : H7G260160-017 Work Order ••.• : J3LFE1AA Matrix ......... : AIR 
Date Sampled... : 07/20/07 Date Received.. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch •... : 7208163 
Dilution Factor: 1 Method•........ : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene 0.89 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Brornomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzcnc NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromornethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
l,2-Dibromo-3-chloro- NO 0.050 ug 0 . 016 

propane 
l,2-Dibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
l,2-Dichlorobenzene NO 0.010 ug 0.0059 
l,3-Dichlorobenzene NO 0.010 ug 0.0064 
l,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
l,l-Oichloroethane NO 0.010 ug 0.0034 
1,2-0ichloroethane NO 0.010 ug 0.0048 
cis-I,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0 . 0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-I,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample ID: PGC *1 RUN 3A TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-017 Work Order t ... : J3LFE1AA Matrix ..•...... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.021 J 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,1,1,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, 1, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.023 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
l,l,l-Trichloroethane NO 0.025 ug 0.0051 
1,I,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trirnethylbenzene NO 0.010 ug 0.0063 
I, 3, S-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluorornethane 106 (50 - 134) 
1,2-Dichloroethane-d4 111 (50 - 134) 
Toluene-dB 87 (57 - 127) 
Bromofluorobenzene 47 * (50 - 125) 

NOTE(S): 
Surrogate recovery Is Dutside staled control limits. 

J Estimated result. Result is less than RL. 



Hoefler Consulting Group Inc 

PGC 11 RUN 3A TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-017 Work Order i: J3LFElAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER CAS # RESULT TIME UNITS 
None ug 



Hoefler Consulting Group Inc 

Client Sample ID: PGC tl RDN 3A ANASORB 

GC/MS Volatiles 

Lot-Sample .... : H7G260160-018 Work Order t ... : J3LFF1AA Matrix •........ : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date . . : 07/30/07 
Prep Batch .... : 7208163 
Dilution Factor: 1 Method •........ : SI'I846 VOST 

REPORTING 
PARAMETER RESDLT LIMIT UNITS MDL 
Acetone NO 0.10 ug 0.060 
Benzene ND 0.010 ug 0.0043 
Bromobenzene ND 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichlorornethane ND 0.010 ug 0.0044 
Bromoform ND 0.025 ug 0.0065 
Bromornethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene ND 0.010 ug 0.0077 
sec-Butylbenzene ND 0.010 ug 0.0096 
tert-Butylbenzene ND 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform ND 0.010 ug 0.0046 
Chloromethane 0.030 J 0.050 ug 0.0060 
2-Chlorotoluene ND 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
l,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
l,2-Dibromoethane ND 0.025 ug 0.0039 
Dibromornethane NO 0.025 ug 0.0064 
l,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane 0.033 0.025 ug 0.0052 
1,1-0ichloroethane NO 0.010 ug 0.0034 
1,2-0ichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0 . 0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample 10: PGC II RUN 3A ANASORB 

GC/MS Volatiles 

Lot-Sample •... : H7G260160-018 Work Order i ... : J3LFF1AA Matrix ......... : AIR 


REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride 0.018 J 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I, I, I, 2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0067 J 0.010 ug 0.0027 
I, 2, 3-Trichlorobenzene NO 0.025 ug 0.0056 
I, 2, 4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
l,l,2-Trichlaroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.087 0.050 ug 0.0080 
l,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, S-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m":"Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 103 (50 - 134) 
l,2-Dichloroethane-d4 104 (50 - 134) 
Toluene-d8 93 (57 - 127) 
Bramofluorobenzene 89 (50 - 125) 

NOTE (S) : 

J Estimal~ Te:sult. Result is less than Rl. 




Hoefler Consulti~g Group Inc 

PGC n RUN 3A ANASORB 

GC/MS Volatiles 

Lot-Sample .: H7G260160-018 Work Order .: J3LFF1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTIMATED 
'=CA""S"'-.'#'--__ RESULT 

RETENTION 
TIME UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample rD: PGC 11 RUN 3B TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-019 Work Order t ... : J3LFG1AA Matrix ......... : AIR 
Date Sampled... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 Method ......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Acetone ND 0.10 ug 0.060 
Benzene 0.37 0.010 ug 0.0043 
Bromobenzene ND 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichlorornethane NO 0.010 ug 0.0044 
Bromoform ND 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Buty1benzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibrornomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Chloroto1uene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibrornoethane NO 0.025 ug 0.0039 
Dibromornethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0 . 0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluorornethane NO 0.025 ug 0.0052 
l,l-Dichloroethane ND 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Oichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.01 0 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample 10: PGC .1 RUN 38 TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-019 Work Order t ... : J3LFG1AA Matrix ..•...... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene Nil 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropy1benzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0 . 0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,1,1,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.014 0.010 ug 0.0027 
I, 2, 3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I,l, I-Trichloroethane NO 0.025 ug 0.0051 
l,l,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
l,2,3-Trichloropropane NO 0.025 ug 0.0099 
l,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1,3,5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 101 (50 - 134) 
1,2-0ichloroethane-d4 103 (50 - 134) 
Toluene-dB 71 (57 - 127) 
Brornofluorobenzene 29 * (50 - 125) 

NOTE (5) : 
~ Surrogate recovery Is O!Jlside suled control limlls. 



Hoefler Consulting Group Inc 

PGC #1 RUN 3B TENAX 

GCiMS Volatiles 

Lot-Sample .: H7G260160-019 Work Order i: J3LFG1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER "'CA"'S"---'#'-----__ RES ULT TIME U!'lI TS 
None ug 



Hoefler Consulting Group Inc 

Client Sample 10: PGC i1 RUN 38 ANASORB 

GC/MS Volatiles 

Lot-Sample i ... : H7G260160-020 Work Order t ... : J3LFH1AA Matrix ......... : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date .•.... : 07/30/07 Analysis Date .. ; 07/30/07 
Prep Batch .... : 7208163 
Dilution Factor: 1 Method ......... : SW846 VOST 

REPORTING 
PARAt~ETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Brornodichlorornethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane 0.051 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0 . 050 ug 0.016 

propane 
1,2-Dibromoethane NO 0.025 ug 0.0039 
Dibrornornethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
l,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene ND 0.010 ug 0.0074 
Dichlorodifluoromethane 0.025 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
1,Z-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,Z-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample IO: PGC U RUN 3B ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-020 Work Order •... : J3LFH1AA Matrix ......... : AIR 


REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO .0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
l,l,1,2-Tetrachloroethane NO 0.010 ug 0.0046 
1,1,2,2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene 0.0029 J 0.010 ug 0.0027 
I, 2, 3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane 0.034 J 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1, 2, 4-Trirnethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trirnethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluorornethane 103 (50 - 134) 
l,2-Dichloroethane-d4 106 (50 - 134) 
Toluene-d8 92 (57 - 127) 
Brornofluorobenzene 89 (50 - 125) 

NOTE(S): 
J Estimaled resull. Resull is less Ihan RL. 



2311 

Hoefler Consulting Group Inc 

PGC i1 RON 3B MASORB 

GC/HS Volatiles 

Lot-Sample .: H7G260160-020 Work Order .: J3LFH1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTIMATED 
=CA"'S::...c#'---_ _ RESULT 

RETENTION 
TIME UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample 10: PGC fl RUN 3C TENAX 

GC/MS Vo1atiles 

Lot-Sample t ... : H7G260160-021 Work Order t ... : J3LFK1AA Matrix •........ : AIR 
Date Sampled... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/30/07 Analysis Date .. : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 Method......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene 0.99 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochlorornethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
l,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibromoethane NO 0.025 ug 0.0039 
Dibromomethane NO 0.025 ug 0.0064 
1,Z-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluorornethane NO 0.025 ug 0.0052 
1,1-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
1,1-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0 . 0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-0ichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene ND 0.010 ug 0.0042 

(Continued on next page) 



Hoefl e r Cons ulting Group Inc 

Client Sample 10: PGC II RUN 3C TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-021 Work Order •... : J3LFKl~~ Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0 . 029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1,I,l,2-Tetrachloroethane NO 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug O. 0044 
Toluene 0.022 0.010 ug 0.0027 
I, 2, 3-Trichlorobenzene NO 0.025 ug 0 . 0056 
l,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO O. 025 ug 0.0051 
1,I,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
I, 2, 3-Trichloropropane NO 0.025 ug 0.0099 
l,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0 . 0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 102 (50 - 134) 
1,2-0ichloroethane-d4 105 (50 - 134) 
Toluene-d8 92 (57 - 127) 
Bromofluorobenzene 60 (50 - 125) 



Ill) 

Hoefler Consulting Group Inc 

PGC 11 RUN 3C TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-021 Work Order i: J3LFK1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
Unknown 

CAS ~ 

ESTIMATED 
RESULT 
0.026 NJ 

RETENTION 
TIME 

M 1.239 
UNITS 
ug 

NOTE(S) : 
M: Resull W8S Imasured against nearl!St internal standard asswnlng a response raclor or 1. 



Hoefle r Consulting Group Inc 

Client Sample 10: PGC 11 RUN 3C ANASORB 

Lot-Sample i ... : H7G260160-022 
Date Sampled ... : 07/20/07 
Prep Date .•.... : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Bromochloromethane 
Brornodichlorornethane 
Bromoform 
Brornomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Ch1orodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibromo-3-chloro-

propane 
1,2-Dibrornoethane 
Dibromornethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
1,1-0ichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
1,1-0ichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LFL1AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/30/07 

Method ••......• : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.010 
0.031 J 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
0.019 J 0.025 
NO 0.010 
ND 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix •...•.... : AIR 

UNITS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample ID: PGC tl RUN 3C ANASORB 


GC/MS Volatiles 


Lot-Sample t ... : H7G260160-022 Work Order t ... : J3LFL1AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Ethylbenzene ND 0.010 ug 0.0032 
Hexachlorobutadiene ND 0.025 ug 0.0041 
2-Hexanone ND 0.10 ug 0.018 
Isopropylbenzene ND 0.010 ug 0.0058 
p-Isopropyltoluene ND 0.010 ug 0.0085 
Methylene chloride ND 0.025 ug 0.012 
4-Methyl-2-pentanone ND 0.10 ug 0.029 
Naphthalene ND 0.025 ug 0.0066 
n-Propylbenzene ND 0.010 ug 0.0054 
Styrene ND 0.010 ug 0.0049 
1,1,1,2-Tetrachloroethane ND 0.010 ug 0.0046 
1, 1, 21 2-Tetrachloroethane ND 0.025 ug 0.0067 
Tetrachloroethene ND 0.010 ug 0.0044 
Toluene ND 0.010 ug 0.0027 
1,2,3-Trichlorobenzene ND 0.025 ug 0.0056 
1,2,4-Trichloro- ND 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane ND 0.025 ug 0.0051 
1,l,2-Trichloroethane ND 0.025 ug 0.0056 
Trichloroethene ND 0.010 ug 0.0099 
Trichlorofluoromethane 0.013 J 0.050 ug 0.0080 
1,2,3-Trichloropropane ND 0.025 ug 0.0099 
1,2,4-Trirnethylbenzene ND 0.010 ug 0.0063 
1, 3, 5-Trirnethylbenzene ND 0.010 ug 0.0074 
Vinyl chloride ND 0.010 ug 0.0032 
rn-Xylene & p-Xylene ND 0.020 ug 0.0072 
a-Xylene ND 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluorornethane 109 (50 - 134) 
1,2-Dichloroethane-d4 111 (50 - 134) 
Toluene-d8 101 (57 - 127) 
Brornofluorobenzene 91 (50 - 125) 

NOTE(S) : 
J Estimated result. Result is less than RL. 



Hoefler Consulting Group Inc 

PGC tl RUN 3C ANASORB 

GC/MS Volatiles 

Lot-Sample .: H7G260160-022 Work Order i: J3LFLlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER CAS # 
None 

ESTIMATED 
RESULT 

RETENTION 
TIME UN ITS 

ug 



Hoefler Consulting Group Inc 

Client Sample 10: PGC tl RUN 3 FB TENAX 

GC/MS Volatiles 

Lot-Sample i ... : H7G260160-023 Work Order i ... : J3LFMlAA Matrix .......•. : AIR 
Date Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/27/07 Analysis Date .. : 07/27/07 
Prep Batch 11 ••• : 7207287 
Dilution Factor: 1 Method ......•.. : SW846 VOST 

. REPORTING 
PARAMETER RESULT LIMIT UN ITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Bromochloromethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromornethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Buty1benzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane NO 0.050 ug 0.0060 
2-Ch1orotoluene NO 0.010 ug 0.0054 
4-Ch1orotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-oibromoethane NO 0.025 ug 0.0039 
Dibrornomethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
1,3-Dichlorobenzene NO 0.010 ug 0.0064 
1,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
1,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
l,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane NO 0.010 ug 0.0071 
2,2-Dlchloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene ND 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample 10: PGC II RUN 3 FB TENAX 

GC/MS Volatiles 

Lot-Sample f ... : H7G260160-023 Work Order t ... : J3LFM1AA Matrix .••...... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug O.OlB 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
1, 1, l,2-Tetrachloroethane NO 0.010 ug 0.0046 
1, 1, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
1, 2, 3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2,3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1,3,S-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xylene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluorornethane 94 (50 - 134) 
1,2-0ichloroethane-d4 92 (50 - 134) 
Toluene-d8 94 (57 - 127) 
Brornofluorobenzene 85 (50 - 125) 



}1/1, 

Hoefler Consult~ng Group Inc 

PGC U RUN 3 FB TENAX 

GC/MS Volatiles 

Lot-Sample i: H7G260160-023 Work Order .: J3LFMlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

EsnMATED RETENTION 
PARAMETER CAS # RESULT TIME UNITS 
None ug 
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Hoefler Consulting Group Inc 

Client Sample 10: PGC n RUN 3 F8 ANASORB 

Lot-Sample •... : H7G260160-024 
Date Sampled ... : 07/20/07 
Prep Date ...... : 07/27/07 
Prep Batch •... : 7207287 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Brornochloromethane 
Brornodichlorornethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Buty1benzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibrornomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibromo-3-chloro-

propane 
l,2-Dibromoethane 
Dibromornethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluorornethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
l,l-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LFP1AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/27/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0 . 010 
0.0094 J 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next pagel 

Matrix •...•.... : AIR 

UNITS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0 . 0039 
ug 0 . 0042 



Hoefler Consulting Group Inc 

Client Sample 10: PGC Jl1 RUN 3 FB ANASORB 

GC/MS Volatiles 

Lot-Sample JI ••• : H7G260160-024 Work Order # ... : J3LFP1AA Matrix ...•..... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054­
Styrene NO 0.010 ug 0.0049 
1,I,I,Z-Tetrachloroethane NO 0.010 ug 0.0046 
1,I,2,2-Tetrach1oroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
I, 2, 3-Trich1orobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
I, I, 2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
l,2,3-Trich1oropropane NO 0.025 ug 0.0099 
1, 2, 4-Trimethy1benzene NO 0.010 ug 0.0063 
1, 3, 5-Trirnethy1benzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
rn-Xylene & p-Xylene NO 0.020 ug 0.0072 
o-Xy1ene NO 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 94 (50 - 134) 
1,2-Dichloroethane-d4 93 (50 - 134) 
Toluene-dB 93 (57 - 127) 
Brornofluorobenzene 77 (50 - 125) 

NOTE(S): 
J EstilT\ilted result Result is less than RL. 



Hoefler Consulti~g Group Inc 

PGC 1I1 RUN 3 FB ANASORB 

GC/MS Volatiles 

Lot-Sample t: H7G260160-024 Work Order t: J3LFP1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER CAS # 
None 

ESTIMATED 
RESULT 

RETENTION 
TIME UNITS 

ug 
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Hoefler Consulting Group Inc 

Client Sample 10: PGC 11 RUN TB TENAX 

Lot-Sample t ... : H7G260160-025 
Date Sampled ..• : 07/20/07 
Prep Date ...... : 07/27/07 
Prep Batch •... : 7207287 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
l,2-Dibromo-3-chloro-

propane 
1,2-Dibrornoethane 
Dibromomethane 
1,2-Dichlorobenzene 
l,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
1,1-Dtchloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
l,l-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
1,1-Dichloropropene 

GC/MS Volatiles 

Work Order •... : J3LFQlAA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/27/07 

Method •........ : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
ND 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.010 
NO 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
ND 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 

(Continued on next page) 

Matrix ......... : AIR 

UN I TS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0 . 0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0 . 0060 
ug 0 . 0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 
ug 0.0057 
ug 0.0045 
ug 0.0071 
ug 0 .0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample 1D: PGC tl RUN TB TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-025 Work Order t ... : J3LFQlAA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Ethylbenzene ND 0.010 ug 0.0032 
Hexachlorobutadiene ND 0.025 ug 0.0041 
2-Hexanone ND 0.10 ug 0.018 
Isopropylbenzene ND 0.010 ug 0.0058 
p-Isopropyltoluene ND 0.010 ug 0.0085 
Methylene chloride ND 0.025 ug 0.012 
4-Methyl-2-pentanone ND 0.10 ug 0.029 
Naphthalene ND 0.025 ug 0.0066 
n-Propylbenzene ND 0.010 ug 0.0054 
Styrene ND 0.010 ug 0.0049 
1,I,l,2-Tetrachloroethane ND 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane ND 0.025 ug 0.0067 
Tetrachloroethene ND 0.010 ug 0.0044 
Toluene ND 0.010 ug 0.0027 
1,2,3-Trichlorobenzene ND 0.025 ug 0.0056 
1,2,4-Trichloro- ND 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane ND 0.025 ug 0.0051 
1,1,2-Trichloroethane ND 0.025 ug 0.0056 
Trichloroethene ND 0.010 ug 0.0099 
Trichlorofluoromethane ND 0.050 ug 0.0080 
1,2,3-Trichloropropane ND 0.025 ug 0.0099 
1,2,4-Trimethylbenzene ND 0.010 ug 0.0063 
I, 3, 5-Trimethylbenzene ND 0.010 ug 0.0074 
Vinyl chloride ND 0.010 ug 0.0032 
m-Xy1ene & p-Xy1ene ND 0.020 ug 0.0072 
o-Xylene ND 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 97 (50 - 134) 
1,2-Dichloroethane-d4 94 (50 - 134) 
Toluene-d8 101 (57 - 127) 
Bromofluorobenzene 87 (50 - 125) 



):I! 

Hoefler Consulting Group Inc 

PGC .1 RUN TB TENAX 

GC/MS Volatiles 

Lot-Sample t: H7G260160-025 Work Order t: J3LFQ1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTIMATED 
"'CA"'S"--'U'---__ RESULT 

RETENTION 
TIME UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample 10: PGC 11 RDN TB ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-026 Work Order t ... : J3LFR1AA Matrix ......... : AIR 
Oate Sampled ... : 07/20/07 Date Received .. : 07/25/07 
Prep Date ...... : 07/27/07 Analysis Date .. : 07/27/07 
Prep Batch .... : 7207287 
Dilution Factor: 1 Method ......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Acetone NO 0.10 ug 0.060 
Benzene NO 0.010 ug 0.0043 
Bromobenzene NO 0.010 ug 0.0055 
Brornochlorornethane NO 0.025 ug 0.0055 
Bromodichloromethane NO 0.010 ug 0.0044 
Bromoform NO 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone NO 0.10 ug 0.032 
n-Butylbenzene NO 0.010 ug 0.0077 
sec-Butylbenzene NO 0.010 ug 0.0096 
tert-Butylbenzene NO 0.010 ug 0.0089 
Carbon disulfide NO 0.010 ug 0.0042 
Carbon tetrachloride NO 0.010 ug 0.0034 
Chlorobenzene NO 0.010 ug 0.0043 
Chlorodibromomethane NO 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform NO 0.010 ug 0.0046 
Chloromethane 0.012 J 0.050 ug 0.0060 
2-Chlorotoluene NO 0.010 ug 0.0054 
4-Chlorotoluene NO 0.010 ug 0.0057 
1,2-Dibromo-3-chloro- NO 0.050 ug 0.016 

propane 
l,2-Dibromoethane NO 0.025 ug 0.0039 
Dibrornomethane NO 0.025 ug 0.0064 
l,2-Dichlorobenzene NO 0.010 ug 0.0059 
l,3-Dichlorobenzene t:o 0.010 ug 0.0064 
l,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
l,l-Dichloroethane NO 0.010 ug 0.0034 
l,2-Dichloroethane NO 0.010 ug 0.0048 
cis-l,2-Dichloroethene NO 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
l,l-Dichloroethene NO 0.010 ug 0.0057 
l,2-Dichloropropane NO 0.010 ug 0.0045 
1,3-Dichloropropane t:o 0.010 ug 0.0071 
2,2-Dichloropropane ND 0.010 ug 0.0034 
cis-l r 3-Dichloropropene NO 0.010 ug 0.0039 
trans-l,3-Dichloropropene ND 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample ID: PGC #1 RUN TB ANASORB 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-026 Work Order t ... : J3LFR1AA Matrix ......... : AIR 


REPORTING 
PARAKETER RESULT LIMIT UNITS MDL 
Ethy1benzene ND 0.010 ug 0.0032 
Hexachlorobutadiene ND 0.025 ug 0.0041 
2-Hexanone ND 0.10 ug 0.018 
Isopropylbenzene ND 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0.0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
II II II 2-Tetrachloroethane NO 0.010 ug 0.0046 
II I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene ND 0.010 ug 0.0044 
Toluene ND 0.010 ug 0.0027 
11 21 3-Trichlorobenzene ND 0.025 ug 0.0056 
1, 2, 4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
1,2 / 3-Trichloropropane NO 0.025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1,3,5-Trimethylbenzene NO 0.010 ug 0.0074 
Vinyl chloride NO 0.010 ug 0.0032 
m-Xylene & p-Xylene NO 0.020 ug 0.0072 
a-Xylene ND 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 99 (50 - 134) 
1,2-Dichloroethane-d4 99 (50 - 134) 
Toluene-d8 98 (57 - 127) 
Bramofluorobenzene 84 (50 - 125) 

NOTE(S) : 
1 Estimated result. Result is less than RL. 



2511 

Hoefler Consulting Group Inc 

PGC U RUN TB ANASORB 

GC/MS Volatiles 

Lot-Sample i: H7G260160-026 Work Order i: J3LFR1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

PARAMETER 
None 

ESTIMATED RETENTION 
",CA",S,,-,#~__ "'R=ES"'U=-:L=-:T=---__ T I ME UNITS 

ug 



Hoefler Consulting Group Inc 

Client Sample ID: A-5734 MEDIA CHECK TENAX 

GC/MS Volatiles 

Matrix _________ :Lot-Sample f. .. : H7G260160-027 Work Order t . .. : J3LFT1AA AIR 
Date Sampled..• : 07/19/07 Date Received .. : 07/25/07 
Prep Date. ___ .. : 07/27/07 Analysis Date .. : 07/27/07 
Prep Batch t ... : 7207287 
Dilution Factor: 1 Method......... : SW846 VOST 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Acetone ND 0.10 ug 0.060 
Benzene ND 0.010 ug 0.0043 
Brornobenzene ND 0.010 ug 0.0055 
Brornochloromethane NO 0.025 ug 0.0055 
Brornodichloromethane ND 0.010 ug 0.0044 
Bromoform ND 0.025 ug 0.0065 
Bromomethane NO 0.050 ug 0.0078 
2-Butanone ND 0.10 ug 0.032 
n-Butylbenzene ND 0.010 ug 0.0077 
sec-Butylbenzene ND 0.010 ug 0.0096 
tert-Buty1benzene NO 0.010 ug 0.0089 
Carbon disulfide ND 0.010 ug 0.0042 
Carbon tetrachloride ND 0.010 ug 0.0034 
Chlorobenzene ND 0.010 ug 0.0043 
Chlorodibromornethane ND 0.025 ug 0.0038 
Chloroethane NO 0.050 ug 0.0039 
Chloroform ND 0.010 ug 0.0046 
Chloromethane ND 0.050 ug 0.0060 
2-Ch10rotoluene NO 0.010 ug 0.0054 
4-Ch10rotoluene NO 0.010 ug 0.0057 
1,2-Dibrorno-3-chloro- NO 0.050 ug 0.016 

propane 
1,2-Dibromoethane ND 0.025 ug 0.0039 
Dibromornethane NO 0.025 ug 0.0064 
1,2-Dichlorobenzene NO 0.010 ug 0.0059 
l,3-Dichlorobenzene ND 0.010 ug 0.0064 
l,4-Dichlorobenzene NO 0.010 ug 0.0074 
Dichlorodifluoromethane NO 0.025 ug 0.0052 
l,l-DichlQroethane ND 0.010 ug 0.0034 
1,2-Dichloroethane ND 0.010 ug 0.0048 
cis-l,2-Dichloroethene ND 0.010 ug 0.0050 
trans-l,2-Dichloroethene NO 0.010 ug 0.0038 
1,1-Dichloroethene NO 0.010 ug 0.0057 
1,2-Dichloropropane ND 0.010 ug 0.0045 
1,3-Dichloropropane ND 0.010 ug 0.0071 
2,2-Dichloropropane NO 0.010 ug 0.0034 
cis-l,3-Dichloropropene ND 0.010 ug 0.0039 
trans-l,3-Dichloropropene NO 0.010 ug 0.0039 
l,l-Dichloropropene NO 0.010 ug 0.0042 

(Continued on next page) 



Hoefler Consulting Group Inc 

Client Sample ID: A-5734 MEDIA CHECK TENAX 

GC/MS Volatiles 

Lot-Sample t ... : H7G260160-027 Work Order t ... : J3LFT1AA Matrix ....•.... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Ethylbenzene ND 0.010 ug 0.0032 
Hexachlorobutadiene ND 0.025 ug 0.0041 
2-Hexanone ND 0.10 ug 0.018 
Isopropylbenzene ND 0.010 ug 0.0058 
p-Isopropyltoluene ND 0.010 ug 0.0085 
Methylene chloride ND 0.025 ug 0.012 
4-Methyl-2-pentanone ND 0.10 ug 0.029 
Naphthalene ND 0.025 ug 0.0066 
n-Propylbenzene ND 0.010 ug 0.0054 
Styrene ND 0.010 ug 0.0049 
I, I, I, 2-Tetrachloroethane ND 0.010 ug 0.0046 
1, 1, 2, 2-Tetrachloroethane ND 0.025 ug 0.0067 
Tetrachloroethene ND 0.010 ug 0.0044 
Toluene ND 0.010 ug 0.0027 
1,2,3-Trichlorobenzene ND 0.025 ug 0.0056 
1,2,4-Trichloro- ND 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane ND 0.025 ug 0.0051 
1,I,2-Trichloroethane ND 0.025 ug 0.0056 
Trichloroethene ND 0.010 ug 0.0099 
Trichlorofluorornethane ND 0.050 ug 0.0080 
l,2,3-Trichlaropropane ND 0.025 ug 0.0099 
l,2,4-Trirnethylbenzene ND 0.010 ug 0.0063 
l,3;S-Trirnethylbenzene ND 0.010 ug 0.0074 
Vinyl chloride ND 0.010 ug 0.0032 
rn-Xylene & p-Xylene ND 0.020 ug 0.0072 
a-Xylene ND 0.010 ug 0.0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 95 (50 - 134) 
1,2-Dichloroethane-d4 95 (50 - 134) 
Toluene-d8 98 (57 - 127) 
Brornofluorobenzene 90 (50 - 125) 
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Hoefler Consulting Group Inc 

A-5734 MEDIA CHECK TENAX 

GC/MS Volatiles 

Lot-Sample .: H7G260160-027 Work Order .: J3LFT1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (HSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER CAS # RESULT TIHE UNITS 
None ug 



Hoefler Consulting Group Inc 

Client Sample ID: A-5735 MEDIA CHECK ANASORB 

Lot-Sample ~ ... : H7G260160-028 
Date Sampled ... : 07/19/07 
Prep Date .....• : 07/27/07 
Prep Batch t ... : 7207287 
Dilution Factor: 1 

PARAMETER 
Acetone 
Benzene 
Bromobenzene 
Bromochlorornethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
n-Butylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibrornomethane 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
1,2-Dibrorno-3-chloro-

propane 
1,2-Dibrornoethane 
Dibromomethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluorornethane 
l,l-Dichloroethane 
1,2-Dichloroethane 
cis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
l,l-Dichloroethene 
l,2-Dichloropropane 
l,3-Dichloropropane 
2,2-Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
l,l-Dichloropropene 

GC/MS Volatiles 

Work Order t ... : J3LFV1AA 
Date Received .. : 07/25/07 
Analysis Date .. : 07/27/07 

Method ......... : SW846 VOST 

REPORTING 
RESULT LIMIT 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.10 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.050 
NO 0.010 
0.011 J 0.050 
NO 0.010 
NO 0.010 
NO 0.050 

NO 0.025 
NO 0.025 
NO 0.010 
NO 0.010 
NO 0.010 
NO 0.025 
NO 0.010 
ND 0.010 
ND 0.010 
NO 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
ND 0.010 
NO 0.010 

(Continued on next page) 

Matrix ..•...... : AIR 

UNITS MOL 
ug 0.060 
ug 0.0043 
ug 0.0055 
ug 0.0055 
ug 0.0044 
ug 0.0065 
ug 0.0078 
ug 0.032 
ug 0.0077 
ug 0.0096 
ug 0.0089 
ug 0.0042 
ug 0.0034 
ug 0.0043 
ug 0.0038 
ug 0.0039 
ug 0.0046 
ug 0.0060 
ug 0.0054 
ug 0.0057 
ug 0.016 

ug 0.0039 
ug 0.0064 
ug 0.0059 
ug 0.0064 
ug 0.0074 
ug 0.0052 
ug 0.0034 
ug 0.0048 
ug 0.0050 
ug 0.0038 

"g 0.0057 
ug 0.0045 
ug 0.0071 
ug 0.0034 
ug 0.0039 
ug 0.0039 
ug 0.0042 



Hoefler Consulting Group Inc 

Client Sample 10: A-5735 MEDIA CHECK ANASORB 

GC/MS volatiles 

Lot-Sample •... : H7G260160-028 Work Order t ... : J3LFV1AA Matrix .... ____ .: AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS MOL 
Ethylbenzene NO 0.010 ug 0.0032 
Hexachlorobutadiene NO 0.025 ug 0.0041 
2-Hexanone NO 0.10 ug 0.018 
Isopropylbenzene NO 0.010 ug 0.0058 
p-Isopropyltoluene NO 0.010 ug 0 . 0085 
Methylene chloride NO 0.025 ug 0.012 
4-Methyl-2-pentanone NO 0.10 ug 0.029 
Naphthalene NO 0.025 ug 0.0066 
n-Propylbenzene NO 0.010 ug 0.0054 
Styrene NO 0.010 ug 0.0049 
I, I, 1/2-Tetrachloroethane NO 0.010 ug 0.0046 
I, I, 2, 2-Tetrachloroethane NO 0.025 ug 0.0067 
Tetrachloroethene NO 0.010 ug 0.0044 
Toluene NO 0.010 ug 0.0027 
1,2,3-Trichlorobenzene NO 0.025 ug 0.0056 
1,2,4-Trichloro- NO 0.025 ug 0.0066 

benzene 
I, I, I-Trichloroethane NO 0.025 ug 0.0051 
1,1,2-Trichloroethane NO 0.025 ug 0.0056 
Trichloroethene NO 0.010 ug 0.0099 
Trichlorofluoromethane NO 0.050 ug 0.0080 
l,2,3-Trichloropropane NO 0 . 025 ug 0.0099 
1,2,4-Trimethylbenzene NO 0.010 ug 0.0063 
1, 3, 5-Trimethylbenzene NO 0.010 ug 0 . 0074 
Vinyl chloride NO 0.010 ug 0 . 0032 
m-Xylene & p-Xylene NO 0.020 ug 0 . 0072 
o-Xylene NO 0.010 ug 0 . 0053 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluorornethane 96 (50 - 134) 
1,2-0ichloroethane-d4 93 (50 - 134) 
Tol1lene-dB 93 (57 - 127) 
Bromofluorobenzene 77 (50 - 125) 

NOTE (S) : 
J E511mattd result. R~lt is less than RL. 



Hoefler Consulting Group Inc 

A-5735 MEDIA CHECK ANASORB 

GC/MS Volatiles 

Lot-Sample f: H7G260160-02B Work Order .: J3LFVlAA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER CAS .,,#__ _ :..:RE::S::.:U::.:L::.:T'--__ ~T",I M"'E"----_ UNITS 
None ug 
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METHOO BLANK REPORT 

GC/HS Volatiles 

Client Lot t ... : H7G260160 Work Order i ... : J3LKQ1AA Matrix ......... : AIR 
HE Lot-Sample i: H7G2 60000-2 B7 

Prep Oate .••... : 07/27/07 
Analysis Oate .. : 07/27/07 Prep Batch i ... : 72072B7 
Dilution Factor: 1 

REPORTING 
PARAMETER RESULT LIMIT UNITS METHOO 
Acetone NO 0.10 ug SWB46 VaST 
Benzene NO 0.010 ug SWB46 VaST 
Brornobenzene NO 0.010 ug SWB46 VaST 
Bromochloromethane NO 0.025 ug SWB46 VaST 
Bromodichlorornethane NO 0.010 ug SWB46 VaST 
Bromoform NO 0.025 ug SWB46 VaST 
Bromomethane NO 0.050 ug SWB46 VaST 
2-Butanone NO 0.10 ug SWB46 VaST 
n-Butylbenzene NO 0.010 ug SWB46 VaST 
sec-Butylbenzene NO 0.010 ug SWB46 VaST 
tert-Butylbenzene NO 0.010 ug SWB46 VaST 
Carbon disulfide NO 0.010 ug SWB46 VaST 
Carbon tetrachloride NO 0.010 ug SWB46 VaST 
Chlorobenzene NO 0.010 ug SWB46 VaST 
Chlorodibromomethane NO 0.025 ug SWB46 VaST 
Chloroethane NO 0.050 ug SWB46 VaST 
Chloroform NO 0.010 ug SWB46 VaST 
Chloromethane NO 0.050 ug SWB46 VaST 
2-Chlorotoluene NO 0.010 ug SWB46 VaST 
4-Chlorotoluene NO 0.010 ug SWB46 VaST 
l,2-Dibromo-3-chloro- NO 0.050 ug SWB46 VOST 

propane 
1,2-Dibromoethane NO 0.025 ug SWB46 VOST 
Dibromornethane NO 0.025 ug SWB46 VaST 
l/2-Dichlorobenzene NO 0.010 ug SWB46 VaST 
1,3-Dichlorohenzene NO 0.010 ug SWB46 VOST 
1,4-Dichlorobenzene NO 0.010 ug SWB46 VOST 
Dichlorodifluorornethane NO 0.025 ug SWB46 VOST 
l,l-Dichloroethane NO 0.010 ug SWB46 VOST 
1/2-Dichloroethane NO 0.010 ug SWB46 VOST 
cis-l,2-Dichloroethene NO 0.010 ug SWB46 VaST 
trans-l,2-Dichloroethene NO 0.010 ug SW846 VOST 
l,l-Dichloroethene NO 0.010 ug SWB46 VaST 
1,2-Dichloropropane NO 0.010 ug SWB46 VOST 
1,3-Dichloropropane NO 0.010 ug SWB46 VOST 
2,2-Dichloropropane NO 0.010 ug SWB46 VOST 
cis-l,3-Dichloropropene NO 0.010 ug SWB46 VOST 
trans-l,3-Dichloropropene NO 0.010 ug SWB46 VOST 
l,l-Dichloropropene NO 0.010 ug SWB46 VOST 
Ethylbenzene NO 0.010 ug SWB46 VaST 
Hexachlorobutadiene NO 0.025 ug SWB46 VOST 

(Continued on next page) 



METHOD BLANK REPORT 

GC/MS Volatiles 

Client Lot t ... : H7G260160 Work Order i ... : J3LKQlAA Matrix ....... _.: AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS METHOD 
2-Hexanone ND 0.10 ug SW846 VOST 
Isopropylbenzene ND 0.010 ug SW846 VOST 
p-Isopropyltoluene ND 0.010 ug SW846 VOST 
Methylene chloride ND 0.025 ug SW846 VOST 
4-Methyl-2-pentanone ND 0.10 ug SW846 VOST 
Naphthalene ND 0.025 ug SW846 VOST 
n-Propylbenzene ND 0.010 ug SW846 VOST 
Styrene ND 0.010 ug SW846 VOST 
1,l,l,2-Tetrachloroethane ND 0.010 ug SW846 VOST 
1, 1, 2, 2-Tetrachloroethane ND 0.025 ug SW846 VOST 
Tetrachloroethene ND 0.010 ug SW846 VOST 
Toluene ND 0.010 ug SW846 VOST 
l,2,3-Trichlorobenzene ND 0.025 ug SW846 VOST 
l,2,4-Trichloro- ND 0.025 ug SW846 VOST 

benzene 
I, I, I-Trichloroethane ND 0.025 ug SW846 VOST 
1,1,2-Trichloroethane ND 0.025 ug SW846 VOST 
Trichloroethene ND 0.010 ug SW846 VOST 
Trichlorofluoromethane ND 0.050 ug SW846 VOST 
1,2,3-Trichloropropane ND 0.025 ug SW846 VOST 
1,2,4-Trimethylbenzene ND 0.010 ug SW846 VOST 
1, 3, S-Trimethylbenzene ND 0.010 ug SWB46 VOST 
Vinyl chloride ND 0.010 ug SW846 VOST 
m-Xylene & p-Xylene ND 0.020 ug SW846 VOST 
a-Xylene ND 0.010 ug SW846 VOST 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluoromethane 95 (50 - 134) 
1,2-Dichloroethane-d4 92 (50 - 134 ) 
Toluene-d8 97 (57 - 127) 
Brornofluorobenzene 81 (50 - 125) 

NOTE(S): 
Cillcul~lions are pen"ormed berore rounding 10 llvoid round·ort errors in cllculaled results. 



Hoefler Consulting Group Inc 

Method Blank Report 

GC/MS Volatiles 

Lot-Sample .: H7G260000-2B7 B Work Order .: J3LKQ1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER =CAcoS=-c#'--__ "R"'ES"-U"'L"'T'--__ .:.T.:.1 M"'E"----_ UNITS 
None ug 
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LABORATORY CONTROL SAMPLE EVALUATION REPORT 

GC/MS Volatiles 

Client Lot •..• : H7G260160 Work Order •... : J3LKQ1AC-LCS 
J3LKQ1AD-LCSD 

Analysis Date .. : 07/27/07 

Matrix ......... : AIR 
LCS Lot-Samplei: H7G260000-287 
Prep Date ...... : 07/27/07 
Prep Batch t ... : 7207287 
Dilution Factor: 1 

PERCBNT 
PARAMETER RECOVERY 
Benzene 87 

96 
Chlorobenzene 76 

86 
l,l-Dichloroethene 98 

93 
Toluene 90 

93 
Trichloroethene 96 

102 

SURROGATE 
Dibromofluoromethane 

1,2-Dichloroethane-d4 

Toluene-dB 

Brornofluorobenzene 

NOTE (S) : 
CalculatiOflll are perrO'med bffQ(c rCU1ding 10 avoid round-otr errors in cafculal!d resull.!I . 

Bald print denotes control parlnVters 

RECOVERY 
LIMITS 

(69 - 130) 
(69 - 130) 
(70 - 116) 
(70 - 116) 
(63 - 150) 
(63 - 150) 
(64 - 128) 
(64 - 128) 
(72 - 150) 
(72 - 150) 

PERCENT 
RECOVERY 
77 
93 
69 
93 
95 
99 
79 
94 

RPD 
RPD LIMITS METHOD 

SW846 VOST 
9.9 (0-25) SW846 VOST 

SW846 VOST 
13 (0-25) SW846 VOST 

SW846 VOST 
5.5 (0-25) SW846 VOST 

SW846 VOST 
3.2 (0-25) SW846 VOST 

SW846 VOST 
5.5 (0-25) SW846 VOST 

RECOVERY 
LIMITS 
(50 - 134) 
(50 - 134 ) 
(50 - 134) 
(50 - 134) 
(57 - 127) 
(57 - 127) 
(50 - 125) 
(50 - 125) 



LABORATORY CONTROL SAMPLE DATA REPORT 

GC/MS Volatiles 

Client Lot t ... : H7G260160 
H7G260000-287 
07/27/07 
7207287 

Work Order t ... : J3LKQ1AC-LCS 
J3LKQ1AD-LCSD 

Analysis Date .. : 07/27/07 

Matrix _ ........ : AIR 
LCS Lot-Sample': 
Prep Date ....•• : 
Prep Batch fl ... : 
Dilution Factor: 1 

SPIKE MEASURED PERCENT 
PARAMETER AMOUNT AMOUNT UNITS RECOVERY RPD METHOD 
Benzene 0.250 0.218 ug 87 SW846 VOST 

0.250 0.240 ug 96 9.9 SW846 VOST 
Chlorobenzene 0.250 0.189 ug 76 SW846 VOST 

0.250 0.215 ug 86 13 SW846 VOST 
l,l-Dichloroethene 0.250 0.246 ug 98 SW846 VOST 

0.250 0.233 ug 93 5.5 SW846 VOST 
Toluene 0.250 0.226 ug 90 SW846 VOST 

0.250 0.233 ug 93 3.2 SW846 VOST 
Trichloroethene 0.250 0.241 ug 96 SW846 VOST 

0.250 0.255 ug 102 5.5 SII'846 VOST 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibromofluoromethane 77 (50 - 134 ) 

93 (50 - 134) 
1,2-Dichloroethane-d4 69 (50 - 134) 

93 (50 - 134) 
To1uene-d8 95 (57 - 127) 

99 (57 - 127) 
Bromofluorobenzene 79 (50 - 125) 

94 (50 - 125) 

NOTE(S): 
Calculations are perfo~ before rounding to avoid round-ofr errors in calculated r~ul15. 

Bold print denotes control parllmeten 



METHOD BLANK REPORT 

GC/MS Volatiles 

Client Lot t ... : H7G260160 Work Order .... : J3N2M1AA Matrix ... ______ : AIR 
MB Lot-Sample .: H7G270000-163 

Prep Date ..•... : 07/30/07 
Analysis Date. _ : 07/30/07 Prep Batch t ... : 7208163 
Dilution Factor: 1 

REPORTING 
PARA1-lETER RESULT LIMIT UNITS METHOD 
Acetone NO 0.10 ug SW846 VOST 
Benzene NO 0.010 ug SW846 VOST 
Bromobenzene NO 0.010 ug SW846 VOST 
Bromochlorornethane NO 0.025 ug SW846 VOST 
Bromodichlorornethane NO 0.010 ug SW846 VOST 
Bromoform NO 0.025 ug SW846 VOST 
Bromomethane NO 0.050 ug SW846 VOST 
2-Butanone NO 0.10 ug SW846 VOST 
n-Butylbenzene NO 0.010 ug SW816 VOST 
sec-Butylbenzene NO 0.010 ug SW846 VOST 
tert-Buty1benzene NO 0.010 ug SW846 VOST 
Carbon disulfide NO 0.010 ug SW846 VOST 
Carbon tetrachloride NO 0.010 ug SW846 VOST 
Chlorobenzene NO 0.010 ug SW846 VOST 
Chlorodibrornornethane NO 0.025 ug SW846 VOST 
Ch1oroethane NO 0.050 ug SW846 VOST 
Chloroform NO 0.010 ug SW846 VOST 
Chloromethane NO 0.050 ug SW846 VOST 
2-Chlorotoluene NO 0.010 ug SW846 VOST 
4-Chlorotoluene NO 0.010 ug SW846 VOST 
1,2-Dibromo-3-chloro- NO 0.050 ug SW846 VOST 

propane 
l,2-Dibromoethane NO 0.025 ug SW846 VOST 
Dibrornomethane NO 0.025 ug SW846 VOST 
l,2-Dichlorobenzene NO 0.010 ug SW846 VOST 
l r 3-Dichlorobenzene NO 0.010 ug SW846 VOST 
l,4-Dichlorobenzene NO 0.010 ug SW846 VOST 
Dichlorodifluoromethane NO 0.025 ug SW846 VOST 
l,l-Dichloroethane NO 0.010 ug SW846 VOST 
1,2-Dichloroethane NO 0.010 ug SW846 VOST 
cis-l,2-Dichloroethene NO 0.010 ug SW846 VOST 
trans-l,2-Dichloroethene NO 0.010 ug SW846 VOST 
l,l-Dichloroethene NO 0.010 ug SW846 VOST 
1,2-0ichloropropane NO 0.010 ug SW846 VOST 
l,3-Dichloropropane NO 0.010 ug SW846 VOST 
2,2-Dichloropropane NO 0.010 ug SW846 VOST 
cis-l,3-Dichloropropene NO 0.010 ug SW846 VOST 
trans-l,3-Dichloropropene NO 0.010 ug SW846 VOST 
l,l-Dichloropropene NO 0.010 ug SW846 VOST 
Ethylbenzene NO 0.010 ug SW846 VOST 
Hexachlorobutadiene NO 0.025 ug SW846 VOST 

(Continued on next page) 



METHOD BLANK REPORT 

GC/HS Volatiles 

Client Lot t ... : H7G260160 Work Order t . .. : J3N2M1AA Matrix ......... : AIR 

REPORTING 
PARAMETER RESULT LIMIT UNITS METHOD 
2-Hexanone NO 0.10 ug SW846 VOST 
Isopropylbenzene NO 0.010 ug SW846 VOST 
p-Isopropyltoluene NO 0.010 ug SW846 VOST 
Methylene chloride NO 0.025 ug SW846 VOST 
4-Methyl-2-pentanone NO 0.10 ug SW846 VOST 
Naphthalene NO 0.025 ug SW846 VOST 
n-Propylbenzene NO 0.010 ug SW846 VOST 
Styrene NO 0.010 ug SW846 VOST 
1, 1, l,2-Tetrachloroethane NO 0.010 ug SW846 VOST 
l,l,2,2-Tetrachloroethane NO 0.025 ug SW846 VOST 
Tetrachloroethene NO 0 . 010 ug SW846 VOST 
Toluene NO 0.010 ug SW846 VOST 
1, 21 3-Trichlorobenzene NO 0.025 ug SW846 VOST 
1, 2, 4-Trichloro- NO 0.025 ug SW846 VOST 

benzene 
1, 1, I-Trichloroethane NO 0.025 ug SW846 VOST 
1,1,2-Trichloroethane NO 0.025 ug SW846 VOST 
Trichloroethane NO 0.010 ug SW846 VOST 
Trichlorofluoromethane NO 0 . 050 ug SW846 VOST 
1,2,3-Trichloropropane NO 0.025 ug SW846 VOST 
1, 2, 4-Trimethylbenzene NO 0.010 ug SW846 VOST 
1, 3, S-Trimethylbenzene NO 0.010 ug SW846 VOST 
Vinyl chloride NO 0.010 ug SW846 VOST 
m-Xylene & p-Xylene NO 0.020 ug SW846 VOST 
a-Xylene NO 0.010 ug SW846 VOST 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Dibrornofluorornethane 100 (50 - 134) 
1,2-Dichloroethane-d4 97 (50 - 134) 
To1uene-d8 96 (57 - 127) 
Bromofluorobenzene 78 (50 - 125) 

NOTE(S) : 
Calculations are performed berore rounding 10 avoid round-orr errOts In oakulaled results. 



Hoefler Consulting Group Inc 

Method Blank Report 

GC/MS Volatiles 

Lot-Sample i: H7G270000-163 B Work Order i: J3N2M1AA Matrix: AIR 

MASS SPECTROMETER/DATA SYSTEM (MSDS) TENTATIVELY IDENTIFIED COMPOUNDS 

ESTIMATED RETENTION 
PARAMETER C"'A:..::S"--'#'--__ :..:R"'ES=-U"'L"'T=--__ TIME UNITS 
None ug 



LABORATORY CONTROL SAMPLE EVALUATION REPORT 

GC/MS Volatiles 

, 
Client Lot •... : H7G260160 lIork Order •... : J3N2MIAC-LCS 

J3N2MIAD- LCSD 
Analysis Date .. : 07/30/07 

Matrix . . ....... : AIR 
LCS Lot-Sample': H7G270000-163 
Prep Date ...... : 07/30/07 
Prep Batch t ... : 7208163 
Dilution Factor: 1 

PERCENT 
PARAMETER RECOVERY 
Benzene 93 

95 
Chlorobenzene 82 

84 
1,1-Dichloroethene 101 

101 
Toluene 90 

91 
Trichloroethcnc 106 

113 

SURROGATE 
Dibromofluoromethane 

1,2-Dich1oroethane-d4 

Toluene-d8 

Bromofluorobenzene 

NOTE(S) : 
C.lculaLions art pHrormed before roooding to avoid round·off I!r~ 10 cakulalecl (HlIIl!. 

Bold prim denotes control plnnneters 

RECOVERY 
LIMITS 

(69 - 130) 
(69 - 130) 
(70 - 116) 
(70 - 116) 
(63 - 150) 
(63 - 150) 
(64 - 128) 
( 64 - 128) 
(72 - 150) 
(72 - 150) 

PERCENT 
RECOVERY 
95 
99 
91 
96 
96 
101 
84 
88 

RPD 
RPD LIMITS METHOD 

SII846 VaST 
1.9 (0-25) SII846 VaST 

SII846 VaST 
2.2 (0-25) SII846 VOST 

SII846 VaST 
0.050 (0-25) SII846 VaST 

SII846 VaST 
1.6 (0-25) S1i846 VaST 

SW8~6 VOST 
6.6 (0-25) SII846 VaST 

RECOVERY 
LIMITS 
(50 - 134 ) 
(50 - 134 ) 
(50 - 134) 
(50 - 134) 
(57 - 127) 
(57 - 127) 
(50 - 125 ) 
(50 - 125) 
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LABORATORY CONTROL SAMPLE DATA REPORT 

GC/HS Volatiles 

Client Lot t ... : H7G260160 
H7G270000-163 
07/30/07 
7208163 

Work Order t ... : J3N2M1AC-LCS 
J3N2M1AD-LCSD 

Analysis Date .. : 07/30/07 

Matrix .. ___ . ___ : AIR 
LeS Lot-Sample!: 
Prep Date ...... : 
Prep Batch t ... : 
Dilution Factor: 1 

SPIKE MEASURED 
PARAMETER AMOUNT AMOUNT 
Benzene 0.250 0.232 

0.250 0.237 
Chlorobenzene 0.250 0.206 

0.250 0.210 
1,1-Dichloroethene 0.250 0.253 

0.250 0.253 
Toluene 0.250 0.224 

0.250 0.22B 
Trichloroethene 0.250 0.265 

0.250 0.2B3 

SURROGATE 
Dibromofluoromethane 

1,2-Dich1oroethane-d4 

Toluene-dS 

Brornofluorobenzene 

NOTEIS): 
Cllwillions we performed before rounding to aVDid round-off errors In Cllcuilled resulLS. 

Bold print denOlH r:onlrot plrwneters 

UNITS 
ug 
ug 
ug 
ug 
ug 
ug 
ug 
ug 
ug 
ug 

PERCENT 
RECOVERY 
95 
99 
91 
96 
96 
101 
B4 
B8 

PERCENT 
RECOVERY RPD METHOD 
93 SII846 VOST 
95 1.9 SII846 VOST 
82 SII846 VOST 
84 2.2 SWB46 VOST 
101 SWB46 VOST 
101 0.050 SW846 VOST 
90 SWBH VOST 
91 1.6 SWB46 VOST 
106 SIIB46 VOST 
113 6.6 SII846 VOST 

RECOVERY 
LIMITS 
150 - 134) 
150 - 134) 
150 - 134) 
150 - 134) 
(57 - 127) 
(57 - 127) 
(50 - 125) 
(50 - 125) 



F. ~'f' .. ..::il AnalysIs Lab: TestAmerica Knoxville .. - _ .. . 
I-\In u.vJo<oLlTY, llC 

PROJ. NO, PROJECT NAME 

8752-001 Parametrix @ City of Tacoma Landfill - Perennial Stack 

SAMPLERS: (Signature) 

KEF, RDR, KJR, TWG 

LAB # 

4511 

4512 

4513 

DATE I TIME 

7/19/07 

7/19/07 

7/19/07 

7/19/07 

1510-
1610 
1620-
1700 
1719-
1759 

4514 ImO/071 0631-
0911 

4517 

4518 

4519 

LB' 

7/20/07 

7/20/071 1138-
1218 

71201071 1232-
1312 

7/20/071 '325-
1405 

7/20/07 

7/20/07 

I Relmquisjled by: (Signature ) 

:i 
'ill S2 ,," i' I I ! c: ' "//,L-- _ 
Relinquished by: (Signature) 

:Relinquished by, (Signa/ure) 

~ 
o 
u 

Cl 

~ LOCATION/DESCRIPTION 
(!) 

X R-1A; #1 Perennial Gas Combustor 

X R-1 B; #1 Perennial Gas Combuslor 

X R-1C; #1 Perennial Gas Combustor 

X R-1 Field Blank 

X R-2A; #1 Perennial Gas Combustor 

X R-2B; #1 Perenl 

X I R-2C; #1 Peren 

X R-2 Field Blank 

X R-3A; #1 Perennial Gas Combustor 

X R-3B; #1 Perennial Gas Combustor 

X R-3C; #1 Perennial Gas Combustor 

X R-3 Field Blank 

X Trip Blank 

Lab Blank' 

DatefTime IReceived by: (Signature) 

174'//,;.;1100 
OalefTime Received by: (Srgnalure) 

Daterrime Received for LaborakKy by: 

CJJ 
0:: 
W 
Z 

~ 
Z 
0 
U 
U. 
0 
0:: 
W 
III 
:2 
:J 
Z 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

N 
<ll ~ "" .a .. <ll :J 

'" .a I-.a :J 

" I- .a 
I- ~ 

>< x 0 
III '" ., 
<:: III " Ql OJ <:: 

l- I- « 
X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

Relinquished by: (Signature) 

Relinquished by. (Signature) 

CHAIN OF CUSTODY RECORD 
Client Name 

AMTEST AIR QUALITY, A Division of Hoefler Group 

Client Address 

30545 SE 84th St., #51 PO Box 5251 Preston, WA 98050 

Client PhonelFax 

425-222-7746/425-222-7849 (fax) 

Contact persJI­
Matt Caron 
P,O, Number 

8752-001 

Analysis: VOA by EPA SW-846 Melhod 00311TO-15 

'Lab Blank retained by laboratory 

Oaierrime Received by: (SIgna/ure) 

DalefTime Received by; (Srgnature) 

OatefTime Remarks 



SAP Projoct #: LIO-8644R SAP - Project Design Template 
_Applicant - Protect Reauoater. RalDh Rod~.uoz I 

Oesloned By : Uika Gantaon I 
Phooo Numbef : 59'-5338 6=Fioldo --

MlndamD: 12m ElltIiII- all fmJSi .... , 
Project THto : LJD.8044R I Drawlno' 

Person Responsible I Projed L.aed : R!:!J:!h Rodrtlluez Ova ...... "'" '2 
StM llo1e : 211I200I 
End Date : 1213112(111 -. 

Planned P!t>Jod Cost ; $131,780 , cu.taI Facillti_ Lewle 
Company Code : City , LAvel1 Ge.,.ra ovemment 

Department : Public Wotka - Level 2 Trans on FaclllUes 
Section : conatucdon Level 3 d ~ems & Amenities 

RospcnsIbt& Cool ee..tor .. , ... Lewl. UDPa tion i 

SfV' fund , '080 
Granl # : 

G!D!ral Government Data Fig;12§ 
Neighborhood Dlstnet : North End & Central 

~WlCiI o.strtct : t2 & 13 -SIX-Year Program Category : UD Participation 

M .. SAP Project Mask ' lID-XXXXX-XX·XX-XX-X·X 
71evals ComDlate for.~ raw of infonnadon on was 

was Plan ..... 
Lewl (1 EIom Lewt - Ro_ue ROYOftUO 

7) waS' WBS - D .. crlpllon (40 _oro maximum) 21orZ2 X (X) (X) Setttam.nt ......... nl Uat PM'. (W Any) Cost Element Amount 

1 LID-a644R LtD-8644R ZI x x AUC 
2 LlD-8644R-Ol Prallmlnorv Enol.-lna Z2 x x LllJ..864.4R 
2 LJo.l!844R-02 Cons1rUctIon EnaJ_ Z2 x x LliJ..II644R 
2 LJD-a644R-03 OCher Coot. Z2 x x LllJ..864.4R 
2 LlD-a644R-04 TIlI8SUIV Costs Z2 x x LlD-8644R 
2 LlD-8644R-05 ContrBclor Payments Z2 x x LlD-8644R 
2 Llo.l!844R-FS Funding Sources Z2 
3 Uo.l!844R-F&-AD Al).Adooted _I Z2 x 
4 LlD-8644R-F5-AD-OI ~und Revenues Z2 x x 661600 
4 LlD-8644R-F5-AD-02 AD-Contrtbutlon from Other Funds Z2 x x 661600 6611010 I $697740,00 
4 LID-8644R-F5-AD-03 A[)..PI'OC8&c:is from Financing Z2 x x 661600 
4 LlD-8644R-F5-AD-04 AD-Fedanal and Slata Grants Z2 x x x 661600 
4 Llo.l!844R-F5-AD-OS Al).JnI8rlocaI RBvenoos Z2 x x 661600 
4 Llo.l!844R-F5-AD-06 Al).Prooe~ OWner Aooo_s Z2 x x x 661600 4368110 $136 660.35 
4 Llo.l!844R-F5-AD-07 Al).Qthor Z2 x x 661600 
4 LID-8644R-F5-AD-OIl AD-Const PartldpaUon° Prop Funds Z2 x x LlD-a644R 6311245 !S10335O,oo 
3 Llo.l!844R-F5-AN AN-AntictDaled Fundlno Z2 x 
4 L1D-8644R-F5-AN-Ol AN-FLrld Revenues Z2 x 
4 LlD-8644R-F5-AN-a.2 AN-Contributlons from OI:her Funds Z2 x 

Pmjed Templal8 ~ 0108 Page 1 WI2008 
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EXAMPLE CALCULATION SHEET 

EPA METHODS 1, 2, 3, AND 4 

PSYCHROMETRIC MOISTURE 

AMTEST AIR QUALITY, A DIVlSlON OF HOEFLER CONSULTING GROUP 

File Nama: 8752-OO1\PX@CTL-M1-4 INLET 
Client: ParamalnX@C.ytlITecomaLaodM 
Location: Tacoma, Washington 
Slla: Perllnr)lal1ll1 landf~1 Gill Combl.isler Inlet 
Dale: 7119107 
Lab 11: 

Run': 1A • Mathod 2 


Psychrometric Moisture 

Wel8ulb Ternpefalura IT... ) '" 

Dry Bulb Tlmpanllufll lTd I ,. 96 of 

Barometric Pressure (P .... I .. 29.7" Hg 

SIalic Prenun IP ....oc ) 5.80 M H20 

Slack Pressure (P.I JO.13'"Hg p•• p.... +(P_ftJ.6j 

SVP '" Saturated Vapor Preslur. ( ~ Hg) 

VP .. Vap" Pre5lur. I .. Hg) 

svp= {a 0000000000000177506'' (T ..,I+O00'.»" "321411 .. (T.,.)5 ... 0 0000000034905'' (T .. I· + 

0000000508299'' (Tw):I ... 0 0000477395' (T... )2 + 0 00222231 .. (Tool + 0 0361287] 

~"Hg 

VP SVP • (( Ps ' SVP ) .. (TG• T... II (2SOO -I' 3' T... lI 

!!§- )J(=-(ll' II 

0.768J HgM 

8",. ;:: VP/PS=~ 

B... = 0.0255" 1m % • '" PlycivomBtnc M:)Is/LJ>1I 

% H20 = ~ % Psychrometric MolstunI 

Molecular Weight - Equation 3-2 

28.74 gig-Moil! (dry) 

~. Md-(1.Bw,)+160 'B_ = 2ft.H. otO....o!e· (L- ~ 1+ 11.Q.gIg.mole· QJlill 

28.47 glg·Moi. (Wilt) 

,.. 07. 

The above CIIJcu!atlOlls.ttI from!he <10 CFR 60 Ind assume Et'lghh IXIIIS 

http:P_ftJ.6j
mailto:ParamalnX@C.ytlITecomaLaodM


EXAMPLE CALCULATION SHEET 


EPA METHODS 1, 2, 3, AND 4 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752-001IPX@CTL-M1-4INLET 
Client: Parametrix @ City of Tacoma Landfill 
Location: Tacoma, Washington 
Site: Perennial #1 Landfill Gas Combuster Inlet 
Date: 7/19/07 
Lab#: 
Run #: 1A - Melhod 2 

Stack gas velocity and volumetric flow rate - Equations 2-9 and 2-10 

Vs = 85.49 'I< Cp " (.O.P 'I< Ts oR I (Ms gfgmole 'I< Ps "Hg) IPs = Pbar'" Pslahc 113 6 J 

= 85.49' 0.99 " 0.149 '564.6/(28.47' 30 13 ) [ 3013 = 2970 + 5800/136J 

= 26.5 ftlsec 

= 60 '11 - 0.0255 )' 26.5 '0.545' 528 I 564.6' 30.13 I 29.92 

= _.....;7..;9..;5;,;.9'-_dscf/min (dry standard cubic feet per minute) 

aefm = 26.5 ftlsec 'I< 0.545 ft2 'I< 60 sec/min 

= _....;;8,;;,67;,....;4__acfm (actual cubic feet per minute) 

The above calculations are from the 40 CFR 60 and assume Enghsh Units. 

http:564.6/(28.47


STRATA BIAS CORRECTION EXAMPLE CALCULATION 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 
Client: 

Location: 

Site: 

8752-001\PX@CTLGASSUM-OUT 

Parametrlx @ City of Tacoma Landfill 

Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Outlet 

where: C = 11.598 concentration of gas, as indicated by analyzer (run average) 

C, = 

em. :: 

0.003 

12.000 

(initial zero average - zero average) 

2 

reference span gas cylinder concentration 

Cm = 11.945 (initial span average - span average) 

2 

Run 1 

Gas 

0, 

Analyte 

Oxygen (0,) 

initial zero 
Cm• average 

12.000 0.003 

Date 

7/19/07 

zero 
average 

0.003 

Run Time 

1510-1732 

Co 

0.003 

initial span 
average 

11.947 

span 
average 

11.943 

Cm 

11.945 

C 

11598 

C correctcd 

11.651 

11.652 
PASS 



Client: 
Location: 
Site: 
Date: 
Run#: 

Airflow 

EXAMPLE CALCULATION SHEET (Oz) 

EPA METHOD 3C - OXYGEN (Oz) 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Parametrix@City of Tacoma Landfill 
Tacoma, Washington 
Perennial #1 Landfill Gas Combusler Inlet 
7119/07 

= 791.2 dscffmln 

Gas Constant 

Oxygen (Oz) MW 

= 24.055 mUm-mole at 20DC (293.15DK) (68DF) 

~g/g-mole 

OXYGEN (0,) EMISSIONS 

0, 3.40 Dh 

0, __ -,3,,4,,0,-- % Oz 

34000 ppm 

0, 34000 ppm 

45.2 g/ml 

0, 45.2 91m3 

134.1 Iblhr 

0.10 = Oz Detection LImit (DL or U) 

• 10000 ppm/% 

• 32.00 gig-mole I 24.055 Ug.mole * 

* m31 35.31 ft' • 791.2 dscf/mln 

(Ir the concentration Is 1895 lhan lhe DL then lhe DL Is used In 
thlt calculations and qualified liS U, Undetected.) 

1000 LI m3 I 1.E+06 ppm 

4536 glib !l!! mtn I hr 
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EXAMPLE CALCULATION SHEET (N1l 
EPA METHOD lC - NITROGEN IN,) 

AMTEST AIR QUALllY, A DIVISION OF HOEFLER CONSULTING GROUP 

Client: 
Location: 

Parametrlx @ City of Tacoma landml 
Tacoma, Washington 

Site: 
Date: 

Perennial #1 Landfill Gas Combuster Inlet 
7119107 

Run II: 

Airflow 

Gas Constant 

Nitrogen (N21 MW 

NITROGEN (N21 EMISSIONS 

49.50 'I. 

• 

495000 ppm 

N, 495000 ppm 

~ 576.39 g/mJ 

N, = 

1708.4 Iblhr 

• 

= 791.2 dscf/mln 

= ~ mUm-mole at 20"C (293.15"K) (68·F ) 

0.10 • N2 Detection Limit (DL or U) 

10000 ppmf% 

(If Ihe concentration Is less th.n the OL thin Ihe OL Is used In 
the calculation .. and qualified u U, Undetected.) 

28 01 g1g·~e I ~ Ug-mole· 1000 L I ml I 1.E+06 ppm 

dscflmin ~ 9 I Jb §Q mini hr 



Client: 
Location: 
Site: 
Date: 
Run #: 

Airflow 

Gas Constant 

EXAMPLE CALCULATION SHEET (COz.l 

EPA METHOD 3C - CARBON DIOXIDE (CO,) 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Parametrix@City of Tacoma Landfill 
Tacoma, Washington 
Perennial #1 Landfill Gas Combuster Inlet 
7/19/07 

1 

791.2 dscf/mln 

= 24.055 mUm-mole at 20DC (293.15°K) (68"F ) 

Carbon Dioxide (C02) MW = ~g/g-mole 

CARBON DIOXIDE (C02) EMISSIONS 

CO, 22.30 °h 

CO, 22.30 % CO2 

223000 ppm 

CO, 223000 ppm 

= 408.0 glmJ 

CO, 4080 g/m3 

1209.3 Ib/hr 

0.10 ::0 CO2 DetectJon Limit (DL or U) 

10000 ppm/% 

(If tho concentration is less than the DL then the DL [s used in 

lhe calculations and quallnad as U, UndeteclDd.) 

44.01 gIg-mole I 24.055 Ug-mole * 1000 LI mJ I 

dscf/min 453.6 glib §.Q min I hr 



Client: 
Location: 
Site: 
Date: 
Run#: 

Airflow 

EXAMPLE CALCULATION SHEET (CO) 
EPA METHOD JC - CARBON MONOXIDE ICO) 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Parametrht@Clty of Tacoma Landfill 
Tacoma, Washington 
Perennial #1 Landfill Gas Cr;>mbuster Inlel 
7119/07 

791.2 dscf/mln 

Gas Constant = 24.055 mUm-mole at 20'C (29J.15~K) (GS'F) 

~g1g.mole Carbon Mono:x;lde (CO) MW = 

CARBON MONOXIDE (CO) EMISSIONS 

CO 0.10 "" u 

CO 010 %CO • 

__ --".:.00,,0'- ppm U 

__ -,1"00,,,0'-. ppm CO 
CO 

1.16 gfml CO 
--"-"'-

CO 
___ J:;.~45~ IWhr U 

0.10 = CO Detection Limit (Ol or UI 

.1.Q..QQQ ppm I % 

2.Ull gfg-mole I 24.055 Ug-mole w 

(If thlt c:onclntraUon I" leu than the OL thi n the OL Is used In 
the c;lIculalions and quali fied as U, Undetected.) 

jQQQ LIm: • 1 f 1..S:.!:Q2. ppm 

791 .2 dscf/min· Ib I 4536 9 • §Q min f hr 



EXAMPLE CALCULATION SHEET (CH.I 

EPA METHOD lC - METHANE (CHd 

AMTEST AIR QUALITY, A OMSION OF HOEFLER CONSULTING GROUP 

Client; 
Location: 
Site; 
Dale: 
Run #: 

Alrllow 

Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 
PerennIal #1 Landfill Gas Combuster Inlet 
7/19/07 
1 

= 791.2 dscflmln 

Gas Constant 

Methane (CHd MW 

= 
= 

24.055 mUm-mole at 20'C (29l.15GK) (SO·F) 

1S.04 gIg-mole 

EPA METHOD l - METHANE (CH.d 

24.70 't. 0.10 • CH. Detection Limit (OL or UI 

24.70 '10 CH. • 10000 ppm I or, 

247000 ppm 

247000 ppm CH. 16.04 gIg-mole I 204 .055 Ug-mole" 1000 

CH. 
164.7 g/ml 

= 

(If the concenlratlon Is less than Ihe DL then (hi DL Is used in 
the calculations.,d quarirted as U, Undillctld.J 

L I m~ l..f!Q§ ppm 

164.7 g/m" CH. • m'/ 3531 ft~· ill.2. dscf/min I 0453.6 gnb • !iQ min I hr 

CH. • 
400.2 Iblhr 



EXAMPLE CALCULATION SHEET (NMOC) 

EPA METHOD 3C - NON-METHANE ORGANIC COMPOUNDS (AS CH~' 

AMTEST AIR QUALITY, A DIV1SION OF HOEFLER CONSULTING GROUP 

Client: Parametrl:r @Clty of Tacoma Landfill 
Location: Tacoma, Washington 
Site: Perennial #1 Landfill Gas Combuster Inl~t 
Date: 7/19/07 
Run #: 

Airflow = 191.2 d,er/min 

Gas Constant = 24.055 mUm-mole at 20'C (293.150K) (68DF ) 

Melhane (CH4) MW = 16.04 g/g-mole 

EPA METHOD J - NON-METHANE ORGANIC COMPOUNDS - NMOC (AS CH~) 

NMOC _.:;73::8:::.0~_ppm 1.00 • CH4 Detection LImit (DL Dr U) 	 (rr the concentrOiltion Is less thilln the DL then thfl DL Is used 
in thfl calculation. and quallfifld .... ll, Undetected.) 

73B 0 ppm as CH 4• 1604 gIg-mole f 24 055 Vg-mole * 1000 l f m 
J 

1.E+06 ppm 

NMOC 

0.492 g/m J 

m"1 ft' • 0.492 gfm J as CH4 35 .31 7912 dscflmin I -453.6 glib . !ill min J hr 

NMOC 
1.46 IbIh, 



EXAMPLE CALCULATION SHEET (SO,) 

EPA METHOO 6C - SULFUR DIOXIDE (SO,) 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Client: Parametrix @. City of Tacoma Landml 
Location: Tacoma, Washington 
Site: Perennial #1 Landfill Gas Combuster Outlet 
Date: 7/19/07 
Run #: 1 

Oxygen Moasured 

Airflow 

= 11.7 % O2 

= 9792.7 dscf/min 

S02 Measured by analyzer = 0.2 ppm U ..!:!!...... = S02 Detection Limit 

SO, • 0.2 ppm * 1.660E-07 IbJscf * 9792.7 dsd/mln * 60 min/hr 

u 1.660E..Q7 Iblsd is a conversion laclor lor 502 as speor!ed in EPA Method 19, Table 19.1 • 0.022 Iblhr 
-.....;.;.;.;~ 



EXAMPLE CALCULA T[OH SHEET (NO.1 

EPA METHOD 7E - NITROGEN OXIDES (NOJ 

AMTESl AIR QUAUTY, A DIVISION OF HOEFLER CONSUL liNG GROUP 

Client: 
Location: 
Site: 
Date: 
Run#: 

Parametrlx @Clty of Tacoma Landfill 
Tacoma, Washington 
Perenn[al #1 Landfill Gas Combusl'f Outlet 
7/19107 

Oxygen Meuured 11.7 " 0, 
Airflow 9792.7 dscf/mln 

Gas Constant 24.055 mUm-mole at 20"C = 6S-F 129J.15·K) 

NO~ as NOl MW 46.01 gIg-mol. 

NITROGEN OXIDES (NOx a5 NOg) EMISSIONS 

NO. Measured by analyzer" ~ppm ~ • NO~ Detection LImit 

NO, __ --", 0,,6~ ppm dsd/min • §Q. nm 

_---'0".7"'4::.6 Iblhr 1.194E.()7 lbi5dlS a COI1VUrsJon factor forNO,IIS 5ped~&d., EPA Method 1E1, Table 191 Ths fadOf' assumes a MW as NO: 



EXAMPLE CALCULAnON SHEET (CO) 

EPA yEntOO 10. CARBON MONOXIDE (CO) 


AYTEST AIR QUAUTY. A OMS10N OF HOEFLER CONSULTING GROUP 


Client: Paramalrlx @I City or Tacoma Landfill 
Location: Tacoma, W.uhlngton 
Silo: Perennlal.1 Landfill G.s Combuster Oulld 
Dale: 7'19107 
Run N: , 
Oaygen MU1iur"d --2!:.!... " 0:. 
AlrlIow 1712.7 dscffmin 

Gas Cons Uml =~mUm..f11Ole .. t 20"C . 6lrF (2iJ.1S"Kj 

COMW =~glg-molll 

CARBON MONOxtOE (cg eMISSIONS 

CO Measured by analyzer . 1.0 =CO Oatactlon Limit 

co __'",5,,',- ppm CO mu dscf/mLl'l • ~ glib • §Q mlll/ht 

_--,'c::,96" IbII" 



EXAMPLE CALCULA TlON SHEET (NMOC 1) 

EPA METHOD 25A 
NON·METliANE ORGANIC COMPOUNDS (NMOC) 

AMTEST AIR aUAUTY,A DMSION OF HOEFLER CONSULTING GROUP 

File Name; 
Client! 
Loca!lon: 

8752.Q01\PX@CTLGASSUM-OUT 
Parlmelrix @ City of Tacoma Landfill 
Tacoma, Washington 

Sile! 
Olte: 

Perennial #1 Landnn Gas Combuster Outlet 
7/19/07 

Run N: , 
Percent Moisture 

Oxygen Concentriltlon 

Stack Gas AIrflow (STDI 

B.17 % 

11.7 % 

9792.7 dscffmln 

Bws: 

Gas ConSlant 

Methane (CHd Molecular Weight 

24.055 mUm-mole at 20'C • 6B"F (293.1S"K) 

~;fg-mole 

EPA METHOD 25A • TOTAL HYDROCARBONS (THC) 

(THC IS methane) 

THC Detection limit .. __ --',,,.''-ppm,dry 

THC Measured by ilnaryzer .. __ ~,~,~,',-ppm, wet 

THC ___ ',,'-,,2_ ppm I (1 ~ 0.0817 I (ppm. dl)'l- (ppm. weI) 1(1· Bws) 

THC 

__ -"",,,.,_ ppm, dry 

___ ',,'..:'_ ppm 

0 .007 g/m J 

--="-
__ ":,,,,'",72~ Ib/hr 

16.04 gIg-mole I 24.055 Vg-mole * 1000 lIm3 / 1 E+06 ppm 

35.31 ft3 /m3,," 9793 dsdlmln / 453.6 glib "" 60 min/hr 

~ Iblhr Detection Limit 

EPA METHOD 25A - METHANE (CHd 

CHi Detection Limit 1.0 ppm, dry 

CH. Measured by M25A 11.2 ppm,wet 

CH, 11 .2 ppm I (1 - 0.0817 (ppm. dry) IE (ppm. wef)/(1 - Bw.!l) 

12.2 ppm, dry 

CH, 12.2 ppm 1604 gig-mole I 24 .055 Ug.mole"" 1000 L/m 3 / 1.E+06 ppm 

0 .006 g/m3 
35.31 "3 1m 3 "" 9793 d.!lcf/mln 453.6 glib .. 60 mln/hr 

0.2911 rb/hr 

NON·METHANE ORGANIC COMPOUNDS 

INMOC IS methanel 

NMOC THC (Iblhr) • CH4 (Iblhr) :: NMOC (Ib.-tlrj 

(" lhe eM. Drl. -U-.lhln 0 I. Ulld rDr Itl. ~lk:ut.llon.1 

__ -"".0",',,-4 Ibfhr u ,v TNC is'" 1No .. INo r .. ult I. Nport,d •• Ihl DL of THe IW" Qi. >ntc thin the n,,* 15 .. ponld &I at. 01 ntc., 

__ -","".o",,~ Iblhr I ( 16 ~ glg·moIel 24055 Ug·more" 1000 l/ml, 1E"OO ppm 

dscf/rTln I <153.6 glib • ~minJhr] 

"MOC ___ ';;."~ ppm u (Calculated (rom NMNEOC (Ib/hr), as propane. As shown above.) 

___ '",.'0 ppm • ( ZO.9 



EXAMPLE eAleULATlON SHEET (NMOC 2) 
EPA METHOD 25A 

NON·METHANE ORGAlflC COMPOUNDS (HMOC, 
AMTEST AIR QUALITY, A DMSlON OF HOEFLER CONSUL TlNG GROUP 

Client; 
Locallon: 
Sltl: 
Dale : 
RUn It : 

Bws: 

Paramelrla 9 City or Tacoma Landfill 
Tacoma, Washington 
Perennl.llt1 Landfill Gas Combustor Outlet 
7/19/07 

0.0817 

Oaygln M .. sured 

Stack Gu AlrfloW(5TD) 

11.7 % Oz 
9792.7 dscl/mIn 

Gas ConsIiIfll 

MlIlhano IC"" Molecular Wolght 

Carbon Ie) Molecular WlIlght 

M.thanl to Carnon Factor 

• 2" .055 mUm·mol •• , 2O"C a &iM= (293.15'"1<.) 

Ui.04 gfg-molo 

~Wg·moI. __ ,_ 
EPA MEDjOD 2!iA· NON·METHANE ORGANIC COMPOUNDS (HMOCI 

fNMOC It methanel 

NMOC rrom EzCale • NMOC 1 _-""'.''''24'---_'011'' 

NMOC rrom ExCllc· NMOC 2 _--,,1.,,' __ ppm. dry 

EPA METHOD 2!iA· NON·METHANE ORGANIC COMPOUNDS INNOC) 

INMOC as Carboni 

u 

u 

1.0 ppm, dry as propane 1 • ppm THe 15 Carbon 1111 lhe rn.lhod 15A Ilclor lor conwrtlrlG mllh.ln. 10 
carbon, bec.uu mllMrM conl.lln.1 urbon alom., 

1.' ppm, dry II clrbon U 

.Moe 10 ""'" 12.01 glg-rnole / 2" D55 Ug-mole • 1000 Llml I 1.E+06 ppm 

0.0005 g/m' 35>1 nl/m' 97927 dsdlmll'l .. 536 "ib 60 m.,/hr 

0.018 ,bit, U 
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EXAMPLE CALCULATION SHEET 

EPA METHODS 1, 2, 3, 4, AND 26A 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 
Client: 
Location: 
Site: 
Date: 
Lab#: 
Run #: 

8752-00IlPX@CTL M26A 
Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 
110/00 
7119/07 
4504 
1 - Melhod 26A 

Dry Gas Meter Standard Volume - Equation 5-1 

VrnSld = 17.S47(ORf'Hg (OOrlstllllf') * volume sampled * Y'ac:tor * (PtMr +.6.H /13.6) I (460 + T M) 

= 17.647* 84.358 It' * 1.003 *( 29.70 + 1.570 / 13.6 )/( 460 + 82.5 'F) 

= 82.062 dsc! 35.31 ft'/m' = 2.324 dscm 

Moisture - Equation 5-2 and 5-3 

VWstd = 0.04715 n3/gm * 1548 grams of H20 collected in impingers = 

Bws = ( 7.299 ) seff( 7.299 scf + 82.062 dscf ) = 

Measured Moisture = 

Actual Moisture = 

B.17 % 

8.17 % 

Psychrometric Moisture = 

Actual Bws = 0.0817 

7.299 scf H,O 

Bws '100%= 

NA % 

Actual moisture is determined by the lower of the measured moisture vs. the psychrometric moisture; since il is theoretically 

impossible for the % moisture \0 be higher than the psychrometric moisture. If the psychromelnc mOisture is h1gher than the 

measured moisture It is reported as NA. 

Molecular Weight - Equation 3-2 

Md = 0.440 * ( 7.80 %CO,)+0.320*( 11 7 % 0,)+0.280*(100%-

= 29.72 gig-mole (dry) 

Md'(I-Bws)+180 'Sws = 29.72 gig-mole "(1- 0.0817 )+18.0g/g-mole' 0.0817 --==:-'-. 
= 28.76 gig-mole (wet) 

Fo = (20.9-%O,)/%CO,= 118 

Meter Box Calibration Error 

Yqa = 8 * 
Vm 

\j 0.0319*Tm· llH.,,*29 

llH@ , (Pm) " Md 
_=12",0,---\j 0 0319 • 

84.358 1.941 * 

= 542.5 * 

29.82 * 

1.570 

29.72 

, 29 

= 0.963 IPm = (Pbar + 6H 113.6) = 2970 + 1570 1136 = 29.82 I 

% Error = (Yqa-Y)/Yqa*100% Y= 1.003 =( 0.963 - 1.003)1 0.963 "100% = 

• -4.2 % Percent error must be less than 5% or a post test dry gas meier calibration is reqUIred. 

The above calculations are from the 40 CFR 60 and assume English units. 



EXAMPLE CALCULATION SHEET (2) 

EPA METHODS 1, 2, 3, 4, AND 26A 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 6752-001IPX@CTL M26A 
Parametrix @ City of Tacoma Landfill 
Tacoma, Washington 

Client: 
Location: 
Site: 
Date: 
Lab #: 
Run#: 

o 
7/19/07 
4504 
1 - Method 26A 

Stack qas velocity and volumetric flow rate - Equations 2-9 and 2-10 

Vs = 85.49' Cp V (l>P' Ts 'R / (M, g1gmole' Ps "Hg) 

= ~. 0.84 V 0.006 • 1857.4 /( 28.76 ' 29.70 ) 

= 8.29 ftlsec 

= 60 '(1 - 0.0617)' 8.29 • 

_....;.97:.,;9;,:2:;,;.7:....._dscflmin (dry standard cubic f •• t per minute) 

acfm = 8.29 fUsee * 75.9 fe * 60 sec/min 

_.;;3,;.77;..;9;;:2;;._4,-_3ctm (actual cubic feet per minute) 

Isokinetic Variation - Equation 5-8 

% Isoklnetics = 
0.0945 • Vm(std) dscf' Ts 'R 

[ps" Hg * Vs fUsee fir e minutes fir An fe fir (1- Bws)] 

0.0945 • 6206153' 1657.4 
=~~~~~~~~ 

29.70 ' 8.29 ' 120' Q..QQg' (1- 0.0617 ) 1 

103 % Isokinetics 

The above calculations are from lhe 40 CFR 60 and assume English unlls. 

IPs = Pbar + P.slalic /13 .6 J 

~ + :2..Q! Ill&l 



EXAMPLE CALCULATION SHEET (HCI) 


EPA METHODS 1, 2, 3,4 AND 26A 


HYDROGEN CHLORIDE (HCI) 


AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: 8752-001 IPX@CTL M26A 

Client: Parametrix@ City of Tacoma Landfill 

Location: Tacoma, Washington 
Site: Perennial #1 Landfill Gas Combuster Outlet 
Date: 7119/07 

Lab #: 4504 

Run#: 1 - Method 26A 

Hydrogen Chloride (Hel) Emission Calculations (Blank Corrected) 

Volume sampled (Vmsro): 2.324 dscm 

Slack Airflow (dscf/m): 9792.7 dscf/min 

CI in Sample (~g): 2200 ~g (These results are blank corrected.) 

CI in Sample (mg): 2.200 mg (~g/1 000 = mg) 


CI Molecular WI. (MWcl-): 35.453 mg/mmole 


HCI Molecular WI. (MWHcl): 36.460 mg/mmole 


Gas Constant: 24.055 mUm-mole al 20'C (293.15'R) (68'F) 


mg CI = ~g as CI • mg/1000 ~g = mg as CI 


2200 ~g' mg/1 000 ~g = 2.2 mg CI 


mg HCI = mg as CI • 36.46 mg HCI/m-mole /35.453 mg HCl/m-mole = mg as HCI 

2.2 * 35.45 = mg HCI 

mg/dscm = Hel (mg) I Vm STD dscm = mg/dscm 

=__2=.=26::.. 2.324 

= 0.974 mg/dscm HCI 

ppm = HCI (mg/dscm)' 24 055 mUm-mole /36.46 mg Hel/ m-mole' m3 /106mL • 106ppm 

•=_~0~.9c.:74::... 1 

= 0.642 ppm 

Ib/hr = HCI (mg/dscm) /35.31 dscf/dscm • airtlow (dscf/min) 1453600 mg/lb' 60 min/hr 

= 0.974 135.31 dscf/dscm • 9792 7 1 453600 • 60 

= 0.036 Ib/hr HCI 



l?1Q 

EXAMPLE CALCULATION SHEET (HF) 

EPA METHODS 1, 2, 3, 4AND 26A 

HYDROGEN FLUORIDE (HF) 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 

Client: 

location: 
Site: 

Date: 

Lab #: 

Run#: 

8752-001lPX@CTL M26A 

Parametrix @ City of Tacoma Landfill 

Tacoma, Washington 

Perennial #1 Landfill Gas Combuster Outlet 

7/19/07 

4504 

1 - Method 26A 

Hydrogen Fluoride (HF) Emission Calculations (Blank Corrected) 

Volume sampled (Vm sro): 2.324 dscm 

Slack Airflow (dscf/m): 9792.7 dscffmin 

F in Sample (~g): 1700 ~g (These results are blank corrected.) 

F in Sample (mg): 1.700 mg (~gll 000 = mg) 

F Molecular WI. (MW.-): 19.00 mg/mmole 

F Molecular Wt. (MWHF): 20.01 mg/mmole 

Gas Constant: 24.055 mUm-mole at20'C (293.15'R) (68'F) 

mg F = ~g as F' mg/l 000 ~g = mg as F 

1700 ~g' mg/l000 ~g = 1.7 mg F 

mg HF = mg as F • 20.01mg HF /m-mole /19 mg HF /m-mole = mg as HF 

1.7 • 19.00 = mg HF 

mg/dscm::: HF (mg) I Vm STD dscm = mg/dscm 

= _--...!.1·cc79:.., 1 2.324 

= 0.770 mg/dscm HF 

ppm = HF (mg/dscm)' 24.055 mUm-mole 120.01 mg HF / m-mole' m' 11O'mL • 10'ppm 

= _-"O~. 7cc70::., • 20.01 • 10' / 10' 

= 0.926 ppm 

Ib/hr = HF (mg/dscm) /35.31 dscf/dsem • airflow (dser/min) /453600 mg/lb' 60 min/hr 

= 0.770 135.31 dscf/dscm • 9792.7 1 453600 • 60 

= 0.028 Ib/hr HF 



EXAMPLE CALCULATION SHEET (1) 
EMISSION CONCENTRATION RESULTS 

TO-14A VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Namo: 

Cliant: 
Location: 

Site: 
Date: 

Lab#: 

Run#: 

8752-001\PX@CTL TO-15 

Paramelrix@ City of Tacoma Landfill 
Tacoma, Washington 
#1 Perennial Com buster Inlet 
7/19107 
4507 

Example Compound: Propylene 

Stack Airflow: 791.2 dscf/min 

Analyte In Sample: 4560.0 ~g1m3 

Ib/hr = (~g/dscm) / 1000 ~g/mg /35.31 ft'/m' * dscf/min 1453600 mg/lb * 60 minlhr 

= ~ 11000~g/mg/~fi3/m3* I 453600 mg/lb " 60 minlhr 

1.J5E-02 Ib/hr Propylene 



File Name: 
Client: 
Location: 
Site: 
Date: 
Lab #: 
Run#: 

EXAMPLE CALCULATION SHEET (VOLUME BY FLOW) 

EPA SW-846 METHOD 0031 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

8752-1l01\PX @ CTL M0031 
Parametrlx @ City of Tacoma Landfill 
Tacoma, Washington 
Perennial #1 Landfill Gas Combuster Outlet 
7/19/07 
4511 
lA 

Dry Gas Meter Standard Volume 

Average Sample Flow Rate: 

Sample Time: 
Barometric Pressure: 

Ambienl Temperature: 

Ambient Temperature: 

495.13 mUm!n cclmin = mUmin 

40 min 
29.70 "Hg 

67 OF 

527 OR (Degrees F + -460) 

SVP = [0.0000000000000177506 ·(Tw)'+{) .0000OOO000321411 '(Tw)' + 0.0000000034906 '(Tw)' + 

0.000000506299' (T,)' + 0.0000477395' (T,.)' + 0.00222231 • (T,) + 0.0361267] 

0.6675 "Hg 

VP = SVP-((Ps -SVP)·(/(2800-(1.3"T,)) 

= 0.6675 - (( 29.70 - 0.668 )' ( 67.0 - ill ) / ( 2800 - 112' 67.0 )) 

= 0.6675 "Hg 

Volume Sampled = 495.1 cclmin * ill min 11000 ccJl 19.8 Liters 

= 19.61 L/l000 0.0198 m 
, 

= 0.0198 rna • (Pbar - Pvap) 129.92 "Hg ... 528 OR I T 1mb 

0.0198 . ( 29 .70 - 0.668 ) / 2992" 528/ 5270 

= 0.0193 dscm 



EXAMPLE CALCULATION SHEET (1) 

VOLATILE ORGANIC COMPOUNDS DESTRUCTION EFFICIENCY RESULTS 


VOLATILE ORGANIC COMPOUNDS 

AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 


File Name: B752-00HPX @ eTl M0031 
Client: ParameLrix@CltyofTacoma Landfill 
Location: Tacoma, Washington 
Site: Perennial #1 Landfill Gas Combusler DuLiet 
Date: 7119/07 

Lab#: 4511-4513 

Run#: 

Example Compound: = Benzene 

Stack Airflow: 9792.7 dscf/mln 

Analyte In Sample: R1A = 2.4 I-Ig/sample E 

Analyte In Sample: R1B 0.60 1J9/sam pie 

Analyte in Sample: R1C 0.17 J.l9/sample 

Volume Sampled: R1A 0.0193 dscm (ExCalc Vol by Flow 1) 

Volume Sampled: R1B = 0.0191 dscm 

Volume Sampled: R1C = 0.0191 dscm 

1J9/dscm I-lg/sample I dscm 

2.400 I 

~g/dscm R1A 124.6 pg/dscm Benzene E 124.6 (The cell La the lefL has an If then statement for values of U l 

0600 1 

~g/dscm R1B 31.5 ~g/dscm Benzene 315 (The cell to the teft has an If then statement for values of U ) 

0.170 1 

~g/dscm R1C 8.88 ~g/dscm Benzene 888 (The cell to the left has an if then statement for values of U.l 

~g/dscm R1 165.0 ~g/dscm Benzene E 165.0 

Ib/hr (~g/dscm) /1000 ~gfmg /35.31 ft3/m3 .... dscf/min 1453600 mg/lb'" 60 min/hr 

I 453600 mgflb .... QQ..minlhr 

Ib/hr R1 6.05E-OJ Ib/hr Benzene E 



" ,~ll
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EXAMPLE CALCULAnON SHEET (DE) 
EPA SW-846 METHOD 0031 

VOLATILE ORGANIC COMPOUNDS 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

File Name: 8752-001\Px@eTlMOO31 
Client: Paramelrix @ City of Tacoma landfill 
Location: Tacoma, Washington 
Site: Perennial #1 Landfill Gas CombuslBf Inlet/Outlet DeslructlOn Efficiency 
Date: 7/19/07 
Lab II : 4511· 4513 

Run #: 

Example Compound: 

Inlet Emission Rate = 1J!S:!l} Iblhr J 

Outlet Emission Rate = ~Iblhr J 

DE = [inlet (Iblhr) - oullet (lbIhr)] I inlet (Iblhr) .. 100 % 

DE = , ' 8E-03 , .,8E·04 ] I 1.1BE-03 ·100 % 

= ~ 



L?f5 
CIRCULAR STACK SCHEMATIC AND LOCATION OF SAMPLE POINTS 

Client Paramelrix· City of Tacoma 

Date Prepared 7/1912007 

Project Date 7/19/2007 

Location Tacoma WA 

Sampling Location Perennial Gas Combustor Inlet 

Inside of far wall to outside 
of port (distance, X) 11.25 

Inside of near wall to outside 
of port (distance, Y) 1.25 

Stack 1.0. (distance X - distance Y) 10.00 

InitialslDate 

1 

Tra .... erse 
Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Slack Height = 
Port Diameler (10)= 

Distance A = 
Distance 8 = 

2 
Percentage 

of Duct 

Length ~~r 
Fraction 

4.4 

14.6 

29.6 

704 

B54 

95.S 

CROSS SECTION 

T 
A 

t , 
_J 

Ground level 

1/2 Inch NPT 

KEF 

3 
Stack 
Inside 

~i·m.~; 
Inches 

10,00 

O .. , ... D.nc. 

..... ,.",,'" ... , 
-r-==:- I u. 

___ ....:.3~0"'rt'--__ downstream 

___ ----'2"f!.!.t ___ upstream 

Inlet 

x 

y _. 

Schematic of Sampling Location 

4 5 • 
Traverse Point 
Location from 

Column Distance Outside of Port 
2X3 

0.4 

1 5 

3.0 

7.0 

B5 

9.6 

Y Columns 4 + 5 

1.25 

STACK. CONTROL DEVICE AND PROCESS 
FLOW DIAGRAM 

2 

1.7 

27 

42 

B3 

9B 

108 



VELOCITY AND TEMPERATURE TRAVERSE 
AM TEST-AIR aUALITY. LLC 

Page 1 of_'_ 

Clienl ? 1+(2A-J'V'U\.r, "-

Location ·TA<p., I>- LA ~ "f, \ I 
Stack Diameter --';1""'0-:":-__ ---,,-__ ----.,,-­

Sampling Site .:j:I1- PereMAI ("'ft Lv'>fr.( r,Jef-
Date 7/IQ/07 
Operator -n.Jc" 

Run#: 1ft Run 11: 

Slart Time: /51 0 Start Time: 

End Time: 15 20 End Time: 

Barometric: ,/1.10 Barometric: 

Static: + 5".~" Slatic: 

Point # AP Temp Point # 

I o 10 ~Ot/.""- / 
Z. 0.15' JDtj.? Z 
3 D,/e,:. /0</. ( ?:, 
4 n.17 JDl·I. ( t-f 
S (), ( V- i OY. 7 5 
(., D. 1'-' 104.3 iJJ 

Ph,,,, 1740 F lei.? 
Tc ",.II Ie."" 

\Ot.\ . ~ · 

Pitot Leak Check: Pre , .. ~st V 
~-:--- '-----

Thermocouple 10 ----:-'11-'-'".~y-------_ 
Pitot 10 'L I 5 -t-A'\cI ~!Cd Side -A--Cp 0.1 <I 

QI Man I SR (Circle one) ID: ~)'"'-__ _ 

113 Run#: (e.. 

'''~o Start Time: j73t? 
[(..30 End Time: 1,40 

2'1. Zo Barometric: ·z..c/.10 
-+- &>. ':i. It Static: ~.L 

AP Temp Point # AP Temp 

D.I'- /00. V I 0.\"2. 1&..1 
Ode.{ Joo.0 'L b. \~ q (,. z. 
O.iS- /ol.!,.. 3 0.1 .... qi..l 
0./> lOt. 7 t.J. 0.1') ql,;.1 

(). Ilfl 101.7 c:; b.lt;. %-3 
0.11/ 101. " (p (J./la 1 t; • .J 

/72/ fk ... nl,'~ 

Ttw\) 

I ;) 1 .~ .• q If' ;l 
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VELOCITY AND TEMPERATURE TRAVERSE 
AM TEST-AIR QUALITY. LLC 

Page 1 of __ 

Client P'l(,...."".}r~'l( 
Location T Ifll' "£""1',",,­

, -
~Oo' 

L",,,.\ i, It 
If, 

lL~ J r .. it 

Slack Diameter ~l.;:.~_!/_~_,----,-_,--~ 
Sampling Site :r:'1 fUl! ",tI;.;\.\ (!,~M '~I, .. ,; itf' I.Jt f 
Date 7/1010'1 
Dperator T~ C. 

Run #: 1.p., 
Start Time:_(i~2~3!J1L..-___ _ 

End Time: ---cO~'6-1.4.!...' ____ _ 
Barometric: '1 ~ , -~ S 
Sialic: ~-. ·2 :1 

Point # 6P Temp 

'1 G. II 51.') 
L 

O. " '61'.4-
S 0.1 '.i H.9 
4- o . I \j ~~. 0 

Run#: 

Start Time: 

End TIme: 

Barometric: 

Stalic: 

Point # 

1 
2 

<, 
4-

Pitot Leak Check: Pre L Posl / 

Thermocouple ID ---;T~b,-,Y,--______ -::-
PitotiD 2. H ~ l~,Jwc( Side_A. _Cp O. ?? 

~Man/SR (Circle one) 10: ("\. ~ 5 
) 

zj) Run#: ?L 
Oj3J Slart Time: 10 '3 ( 
(f)q~t End Time: I () 4/ 
L~ 1;.1) Barometric: '2.1,v'7 
Ce,l." Static: &.2" 

6P Temp Poinl# toP Temp 

Q-I~ ~5.' J Q, {( 104· '3 
G ~l ';. ~S. L Q. It 10+. ~ 
0 .. 11 t'.3 ., Q. I,\- H7.4-
P. \; f~.+ 4 t>'li 11).5 

C\ • Ie; '6 '\ • 5 ~ Q.l+ n'1. 5 0, \4 Bb .If 
-/, 0.\'1 ';4,(1 f. (j I J U.~ C. (I. I") i',~ 

t:'\t<,y nV; ·Fi.ve 1'11 0 !='Ic..re. {7~s 
Tc.,v ,\C':,.,p 1le.,'\7 

~ ~.< \, . " ' i ' ~ .' :i . (~ ' -

Comments: 

. 
i 



VELOCITY AND TEMPERATURE TRAVERSE 
AM TEST-AIR QUALITY. LLC 

Page 1 01 __ 

Client p", r l\ .) t -t-rlx 
Location 't '" ."''' lv . ..J. 1':\\ 

Pitot Leak Check: Pre J Post j " 
'---"----

Thermocouple 10 ._TCJ£G..L't ______ ~-
Stack Diameter _1lC!9L/I __ --,-__ -,-__ 

Sampling Site ~i f«'1ln,'I1/ ("M~"st.r I,ltt 
Date 717.01 07 ~ Man' SR 

Pitot 10 ':1. * S+';,.J"rA Side~ Cp o.? 9 

Operator T U (, 

(Circle one) 10: -!-('1-,-"-")+-,5,,,--_ 

Run#: ~A Run#: )1) Run#: }C 
Start Time: -I,d'i Start Time: 12.~'8 Start Time: l))'ij 

End Time: II 4~ End Time: 1'24'j{ End Time: I"'+~ 
Barometric: l.H5 Barometric: 'nl'.S Barometric: 1_H<] 
Sialic: (;.4-/1 Static: 6 ., " . '] Stalic: b . 'i If 

Point # &P Temp Point # oP Temp Point # oP Temp 

1. Q.. 1'2 ~1;..'3 1 0.11 'i(). J 1 \J. I? 91. !) 
1. <). \, 'i!6,t, 2 f) 11 1(,. '1 " C'. II; 1)2.-7 <-

~ 0_1+ "7.5 ~ VJ,-I~ ~1. '} "'1 Q, I -; 92.1 
~ G.ff 'f7·/' "4 or, ",<g., 4- fl. l'} 'f7, • () 
~ O.\H f7.J· S (). I +- -(~.I Cj O. / c. 91.'1 
b o. ~1. ~4- L' Q. i) -~(~ , 9 G c. !"I, h· ." 

I~b.a· 1141,. :J:"!t ..... 17,)53 f'fo..r.c 17(",2 
'T .. _ .. r·""", T~ .... 

~::l. () . ";""J. :7.. . . " 
-i"::> ,+- . 

{gw~\~k\: V!sVClms\l ,r,vb xlsl 



2tlCl 
CIRCULAR STACK SCHEMATIC AND LOCATION OF SAMPLE POINTS 

Client Parametrlx - City of Tacoma Landfill 

Date Prepared 7/19/2007 

Project Date 7119/2007 

Location Tacoma WA 

Sampling Location Perennial Gas Combustor Slack 

Inside of far wall to outside 
of port (distance, X) 124.00 

Inside of near wall to outside 
of port (distance, Y) 6.00 

Stack 1.0. (distance X - distance Y) 118.00 

InitialsJDate 

1 

Traverse 
Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Stack Height = 
Port D,ameler (10)= 

DIstance A = 

Dislance B = 

KEF 

2 l 
Percentage Stack 

of Duct Inside 
Length (or Diameter 
Fractio~) (inch •• ) 

3.2 118.00 
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CROSS SECTION 

D I, , .. , b. "'" 

t , 

t 101 ••• u 10 .... "' 

-~ Soh 

, 
-) D ~lurb'IIR' 

- 241t 

J Inch 

_ __ "60,-"in",c,,h ___ downslream 

___ '",9"3-'.in",c,,h,-__ upslream 

InJet 

x 

Schematic of Sampling Location 

4 5 6 
Traverse Point 
Location from 
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ANALYZER CONFIGURATION DATA SHEET 
Fill out one sheet per sample site and per CEMS system. 

CLIENT: Parametrix - City of Tacoma Landfill 

LOCATION: ~T~a~co=m~a~W~A~ ________________________________________________________ ___ 

SITE: #1 Perennial Gas Combustor 

TEST TEAM: KEF, RDR, KJR, TWG 

RUN #'s: 1-3 

DATE: 

METHOD: 

Filter In-Stack X Out of Stack --
Sintered Metal x 47mm 

Probe Type: X regular tubing Calibration Tee: 

Sample Line: X Heated Not Heated 

6/19 - 6/20107 

3a,6c, 7e, 10, 25a 

Heated 90mm 

X tip of probe ____ probe exit 

Filter Media: X quartz fiber glass fiber Tefton"' other 

Gas Conditioner: X Glass Knockout Teflon Knockout TRS Train 

Electric Chiller 

Gas Conditioner Location: ____ After Probe X After Sample Line 

Please draw in Locations: Legend - 6 = Cal Tee o = Filter o = Gas Conditioner 

Stack 

Analyzers 

If this information is not accurate for all runs, note all exceptions. 

[gtoove\fleld slaff \A.na/yzer Conftg Oaluheol xIs. 0901206] 
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STRATA Configuration page 1 
07-19-2007 13:26:41 
File Name: C:\Documents and Settings\Amtest\My Documents\STRATA\20Q7\KC_TRS\config.str 

Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: #t Perennial Gas Comb. Stack 
Run Length: 120 minutes 
Sample Rate: 30 per minute 
Average Calibration Results: 1 minutes 
Automatic Sequence, Calibration Error: No 
Automatic Sequence, System Bias: No 
Max Response Time: Manual 

Max Response Time: 1 minutes 
Traverse During Run: No 

Analyte Span Span Offset 
Active Chan. Name Units Units Volts Volts 
Yes 1 021n % 25 10 0 
Yes 2 C021n % 25 10 0 
Yes 3 CO ppm 1000 10 0 
Yes 4 NOx ppm 100 10 0 
Yes 5 802 ppm 100 1 0 
Yes 7 CH4 ppm 1000 10 0 
Yes B THG ppm 1000 10 0 

Measurement System preparation Table 
Gas Reference Cylinder Numbers 
Name 1 2 3 4 5 6 7 e 9 10 11 12 13 14 15 16 
021n Z M H 
C021n Z M H 
CO Z M H 
NOx Z M H 
802 Z M H 
CH4 Z L M H 
THe Z L M H 
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STRATA Configuration page 2 

Gas Zero Reference Cylinder Low Reference Cylinder 
Na.me NO. Cone 10 Number No. Cone ID Number 
02In 1 0 Nitrogen 1 1 
C02In 1 0 Nitrogen 1 1 
CO 1 0 Nitrogen 1 1 
NOx. 1 0 Nitrogen 1 1 
S02 0 Nitrogen 1 1 
CH4 1 0 Nitrogen 6 30.1 CC115989 
THe 1 0 Nitrogen 6 30.1 CC115989 

Gas Mid Reference Cylinder High Reference Cylinder 
Name No. Cone 10 Number No. Cone 10 Number 
0210 2 12 CC143B44 3 22 CC180131 
ca2In 2 12 CC143844 3 22 CCI80131 
CO 2 479 CC143844 3 917 CC190131 
NOx 4 51 CC253351 5 91. 3 CC160620 
502 4 50.4 CC253351 5 90 CC160620 
CH4 7 49.7 cc61264 9 90 CC122541 
THC 7 49.7 CC61264 9 90 cc122541 

seq Calibration Error Test Sequence 
Num 02In C02In CO NOx 502 CH4 THC 

1 Zero Zero Zero Zero Zero Zero Zero 
2 High High High 
3 r-tid Hid Mid 
4 High High 
5 Mid Mid 
6 High High 
7 Mid Mid 
8 Low Low 
9 
10 
11 
12 
13 
14 
15 

Seq Calibration Error Valve Sequence 
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 X 
2 X 

3 X 

4 x 

5 x 

6 x 

7 x 

9 x 

9 

10 

11 

12 

13 

14 

15 




STRATA Configuration Page 3 

seq System Bias Check Sequence 
Num 02In co2In eo NOx 502 eH4 THe 

1 Zero Zero Zero Zero Zero Zero Zero 
2 M,d Mid Mid 
3 Mid Mid 
4 Mid Mid 
5 
6 
7 
e 
9 

10 

11 

12 

13 

14 

15 


Seq System Bias valve Sequence 
Num 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 X 
2 X 

3 X 

4 X 

5 

6 

7 

e 
9 

10 

11 

12 

13 

14 

15 


STRATA Configuration End 
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Calibration Error Test, Run 1 STRATA Version 3.01 
Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: it Perennial Gas Comb. Stack 

Reference Cylinder Numbers 
Zero Low-range Mid-range High-range 

021n Nitrogen CC143844 CC180131 
C021n Nitrogen CC143844 eC180131 
co Nitrogen CC143844 eC180131 
NOx Nitrogen CC253351 CC160620 
502 Nitrogen CC253351 CC160620 
CH4 Nitrogen CC115989 CC61264 CC122541 
THC Nitrogen CC115989 CC61264 CC122541 

Date/Time 07-19-2007 14,00,13 PASSED 
Analyte 02In C021n CO NOx 502 CH4 THC 
Units % % ppm ppm ppm ppm ppm 
Zero Ref Cy1 0.000 0.000 0.0 0.00 0.00 0.0 0.0 
Zero Avg 0.002 0.002 -0.7 0.15 -0.43 -0.4 0.0 
Zero Error% 0.0% 0.0% 0.1% 0.1% 0.4% 0.0% 0.0% 
Low Ref Cyl 30.1 30.1 
Low Avg 29.6 29.6 
Low Error% 0.1% 0.0% 
Mid Ref Cyl 12.000 12.000 479.0 51. 00 50.40 49.7 49.7 
Mid Avg 11. 982 12.154 479.7 51. 30 51.25 49.7 50.0 
Mid Error~ 0.1% 0.6% 0.1% 0.3% 0.8% 0.0% 0.0% 
High Ref Cyl 22.000 22.000 917 .0 91. 30 90.00 90.0 90.0 
High Avg 21.963 22.079 909.9 91. 45 90.33 91.4 90.8 
High Error% 0.1% 0.3% 0.7% 0.1% 0.3% 0.1% 0.1% 
Calibration Error Test End 

Page 1 
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Initial System Bias Check, Run 1 STRATA Version 3.01 
Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: fit Perennial Gas Comb. Stack 

Reference Cylinder Numbers 
Zero Span 

021n Nitrogen CC143844 
C02In Nitrogen CC143844 
CO Nitrogen CC143844 
NOx N~tr:ogen CC253351 
502 Nitrogen CC253351 
CH4 Nitrogen CC61264 
THC N~trogen CC61264 

Date/Time 07-19-2007 14,12,34 
Analyte 021n C02In CO NOx 
Units % % ppm ppm 
Zero Ref Cyl 0.000 0.000 0.0 0.00 
Zero Cal 0.002 0.002 -0.7 0.15 
Zero Avg 0.003 0.003 -0.9 0.17 
Zero Bias% 0.0% 0.0% 0.0% 0.0% 
Zero Dri ft% 
Span Ref Cyl 12.000 12.000 479.0 51. 00 
Span Cal 11.982 12.154 479.7 51. 30 
Span Avg 11. 947 12.105 479.5 51. 05 
Span Bias% 0.1% 0.2% 0.0% 0.3% 
Span Drift% 
System Bias Check End 

PASSED 
802 
ppm 

0.00 
-0.43 

0.18 
0.6% 

50.40 
51.25 
51.20 

0.1% 

CH4 THC 
ppm ppm 
0.0 0.0 

-0.4 0.0 
-0.1 -0.4 
0.0% 0.0% 

49.7 49.7 
49.7 50.0 
50.5 50.5 
0.1% 0.1% 

Page 1 
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Test Run I STRATA Version 3.01 

021n C02!n CO NOx s02 CH4 THC 
% % ppm ppm ppm ppm ppm 

Begin calculating run averages 
07-19-2007 14:11:03 lO.~3S B.701 2.9 11.27 1.27 4.4 •. 5 
07-19-2007 14,18,03 10.289 8.917 1.2 12.67 I. 45 1.2 2.7 
07-19-2007 14,19,02 11.234 8.127 6 •. 5 II. 86 I. 61 3.' 2.5 
Begin Traverse 
07-19-2007 14,20,02 11.36. 8.026 3.6 12.18 I. 34 4.9 5.2 
07-19-2007 14,21,03 12.492 7.086 2.6 10.41 0.65 0.1 0.4 
07-19-2007 14,22,03 11.904 7.573 -0.4 11.76 0.59 0.2 0 . 6 
Begin Traverse 
07-19-2007 14,23,02 10.74. 8.531 0.3 12.12 0.60 0.0 0.5 
07-19-2007 14,24,02 II. 655 7.779 1.3 13 .23 1.11 1.5 2.2 
07-19-2007 14,25,03 11.581 7.B42 15.7 II. 42 0.62 0.0 0.5 
Begin Traverse 
07-19-2007 1.,26,03 9.577 9.510 53.7 12.95 I. 07 5.3 6.' 
07-19-2007 14,27,02 13.032 6.640 31. 0 10.96 1.15 2.9 8.6 
07-19-2007 14,28,02 13.0'6 6.629 13.7 10.57 -0.25 9.5 3.9 
Begin Traverse 
07-19-2007 1.,29,04 10.783 8.506 7.1 II. 18 -0.15 0.1 0.6 
07-19-2007 14,30,03 12.009 7.492 7.0 12.15 0.03 0.1 0.5 
07-19-2007 1.,31,03 12.372 7.184 0.0 10.61 -0.18 4.3 6.6 
Begin Traverse 
07-19-2007 1.,32,02 12.777 6.856 6.0 9.91 -0.63 5.7 4.7 
07-19-2007 14,33,02 12. 5 17 7.070 5.2 10.37 -0.26 0.9 1.0 
07-19-2007 14,34,03 13. 013 6.656 1.4 9.43 -0.56 1.7 1.7 
Begin Traverse 
07-19-2007 14,35,03 12.597 7.007 2 . 7 10.33 -0.44 3.6 4.0 
07-19-2007 14,36,02 12.520 7.068 7.4 10.06 -0.53 0.' 0.7 
07-19-2007 14,37,02 13.962 5.868 4.7 9.15 -0.60 5.7 6.3 
Begin Traverse 
07-19-2007 14,38,03 13.184 6.504 10.6 8.85 -0.09 16.1 IS.S 
07-19-2007 14,39,03 II. 923 7.555 16.0 9.61 0.15 2.1 0.6 
07-19-2007 14.:40:02 11.740 7.711 5.2 10.63 0.26 5.9 1'.6 
Begin Traverse 
07-19-2007 14.: 41: 02 12.955 6.695 19.6 9.55 0.22 31.5 33.7 
07-19-2007 14,42,03 12.686 6.922 40.6 S.81 0.17 10.0 10.5 
07-19-2007 14,43,03 14.009 5.815 13.5 9.20 0.10 11.3 2.8 
Begin Traverse 
07-19-2007 14:44:02 12.887 6.7'8 3.8 8.39 0.04 11.2 1 •. 2 
07-19-2007 1.,45,02 11. 720 7.724 18.2 9.4' -0.02 1.2 0.7 
07-19-2007 14,46,0' 11.440 7.956 13.' 10.68 0.51 16.7 19. I 
Begin Traverse 
07-19-2007 14,47,03 II. 221 8.146 14.0 10.81 0.67 0.0 0.' 
07-19-2007 1"'8,03 11.272 8.096 0.1 11.77 0.64 0.8 3.7 
07-19-2007 14,'9,02 12.322 7.222 16.0 10.49 0.51 11.6 10.7 
Begin Traverse 
07-19-2007 14,50,02 II. 338 8.0'6 3.5 10.69 0.31 0.0 0.3 
07-19-2007 14,51,03 II. 663 1.771 7.1 II. 31 0.57 13.5 20.8 
07-19-2007 14,52,03 14.859 5.111 21.0 8.83 0.50 13.8 9.1 
Run Averages 02In C02In CO NOx S02 CH4 THC 

\ \ ppm ppm ppm ppm ppm 
01-19-2007 14,52,03 12.088 7.'20 12.1 10.65 0.3' 5.6 6.2 
Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: 12 Perennial Gas Comb. Stack 
Test Run I End 

Page 1 



Test Run 1 Begin. STRATA Version 3.01 
021n 

% 
Begin calculating run averages 

7/19/2007 15.11:25 

7/19/2007 
711912007 
7/19/2007 

7/1912007 
711912007 
7/1912007 
7/19/2007 

711912007 
7/1912007 
711912007 
711912007 
711912007 
711912007 
711912007 
711912007 
711912007 
7/19/2007 
711912007 
711912007 

Pause 
End Pause 

711912007 
711912007 
711912007 
711912007 
711912007 
711912007 
711912007 
7/1912007 
711912007 
711912007 
711912007 
711912007 
711912007 
711912007 
7119/2007 
711912007 
711912007 
711912007 
7/1912007 

711912007 
7119/2007 
7/19/2007 
7/1912007 
7119/2007 
7119/2007 

7/1912007 

7/19/2007 
7119/2007 
7/1912007 
7/1912007 
7119/2007 
7119/2007 
711912007 

15:12:25 
15:13:24 
15:14:24 
15:15:25 
15:16:25 
15:17:24 
15:18:24 
15:19:26 
15:20:25 
15:21 :25 
15:22:24 
15:23:26 
15:24:25 
15:25:25 
15:26:24 
15:27:24 
15:28:25 
15:29:25 
15:30:24 

15:50:25 
15:51 :24 
15:52:24 
15:53:26 
15:54:25 
15:55:25 
15:56:24 
15:57:26 
15:58:25 
15:59:25 
16:00:24 
16:01 :24 
16:02:25 
16:03:25 
16:04:24 
16:05:24 
16:06:25 
16:07:25 
16:08:24 
16:09:24 
16:10:26 
16:11 :25 
16:12:25 
16:13:24 
16:14:26 
16:15:25 
16:16:25 
16:17:24 
16:18:24 
16:19·25 
16:20:25 
16:21 :24 
16:22:24 

13.122 
12.967 
10.854 
10.908 
9.864 

12.152 
12.452 
12.408 

9.732 
9.619 

9.15 
11.058 
6.919 
9.755 
8.474 
12.32 
8.542 
7.949 
9.496 
6.696 

11.868 
11.219 
10.761 
11.144 
10.865 
11 .242 
12.741 
12.068 

12.22 
7.725 
9.192 

10.408 
12.285 
12.577 
13.064 
13.158 

11 
13.251 
13.052 
12.387 
11.402 

13.36 
12.578 
12.527 
13.677 
12.973 
11.599 
14.241 
14.791 
13.971 
14.575 
12.131 

13.39 

C021n 
% 

6.544 
6.671 
8.433 
8.394 
9.262 
7.364 
7.109 
7.141 
9.353 
9.461 
9.853 
8.272 

11 .695 
9.349 

10.418 
7.229 
10.35 

10.835 
9.574 

11.869 

7.618 
8.138 
8.525 
8.203 
8.433 
8.116 
6.88 

7.424 
7.299 

11 .043 
9.826 
8.829 
7.261 
7.013 

6.59 
6.535 
8.312 
6.453 
6.611 
7.159 

7.99 
6.361 
7.008 
7.046 
6.097 
6.674 
7.818 

5.63 
5.164 
5.828 
5.343 
7.361 
6.319 

CO 
ppm 

11.4 
2.1 

-0.4 
0.8 
0.4 

12.9 
10.3 

3.7 
62.7 

225.4 
33.4 

8.8 
78.5 

202.5 
86.6 

3 
34.7 

307.3 
136.2 
321.3 

14.5 
5.4 
7.6 
2.5 
1.3 

70.2 
28.6 
55.6 
145 
64.2 
216 
39.3 
34.1 
15.3 
25.9 

3.9 
89.4 

180.1 
17.6 
64.7 

7.3 
10.7 

1.8 
-0.4 
2.9 
6.3 
9.4 

6 
3.4 
2.4 
1.1 

41.1 
11 .9 

NOx 
ppm 

8.64 
8.76 

12.09 
13.04 
12.81 
12.01 
11.05 
11 .08 
11.28 
11 .86 
13.33 
12.18 
13.13 
12.42 
13.95 
12.82 
11 .67 
12.86 
13.95 
14.18 

10.11 
10.14 
11.74 
10.99 
10.57 

8.46 
8.94 
7.6 

8.78 
11.03 
10.64 
12.27 

11 
9.72 

8.8 
9.53 

9.3 
8.59 
8.46 
7.67 

11.15 
10.69 
10.64 
9.36 
9.94 
9.26 

10.76 
9.73 
6.89 
7.51 
8.73 
9.14 
9.54 

S02 
ppm 

0.4 
0.37 
0.34 
0.73 

0.7 
0.78 
0.54 
0.48 
0.46 
0.97 
1.19 
1.25 
1.16 
2.15 

2 

2.09 
1.71 
2.4 

3.15 
3.36 

0.98 
0.88 
0.77 

0.8 
0.87 
0.83 
0.64 
0.64 
0.53 
0.48 
0.79 
0.79 
0.75 
0.38 
0.29 
0.16 

-0.09 
0.3 

0.15 
0.15 

o 
0.14 
0.07 

-0.01 
-0.14 
0.08 

o 
-0.11 
-0.38 
-0.38 
-0.21 
-0.22 
-0.36 

CH4 
ppm 

0.4 
1.6 

-0.2 
-0.3 
0.9 

11.9 
-0.1 
7 .7 
47 

-0.2 
0.3 
1.3 

19.8 
13.7 

o 
o 

20.9 
36.4 

9.1 
139.5 

14 
3 

3.7 
1.7 

9 
64.4 
38.8 

6.9 
4.5 
11 

26.4 
1.4 
10 

3.9 
3.9 

12 .8 
96.4 

2.6 
33.4 

7.3 
1.1 
1.2 
0.9 
0.9 
5.6 
1.8 
1.1 
6.7 

1 
1.4 
2.7 

10.9 
9.4 

THC 
ppm 

2.8 
0.1 
0.2 
0.1 
1.4 

12.8 
1.3 
7.6 
52 
06 
0.4 
2.1 

33.1 
26 
0.2 
0.3 

25.9 
43 

17.9 
121 .6 

164 
6.8 
2.9 

3 
78.7 
22.9 
28.8 
8.3 
9.2 

37.2 
1.6 
2.6 

11 .4 
7.2 
2.9 

24.3 
29.8 

2.8 
43.7 

7.6 
1.7 
1.5 
1.3 
1.7 
5.6 
2.3 
1.6 

7 
1.4 
1.9 
6.7 
8.9 

10.3 



7/19/2007 16:23:25 13.719 6.046 5.8 8.77 -0.4 1.7 1.7 

7/19/2007 16:24:25 11.584 7.825 2.7 11.04 -0.48 0.3 1 

7/19/2007 16:25:24 10.252 8.934 27.7 12.4 -0.4 18.6 20.2 
7/19/2007 16:26:24 13.713 6.074 120 10.99 -0.29 1.2 0.5 
7/1912007 16:27:26 12.768 6.846 1.1 9.36 -0.27 o 0.3 
711912007 16:28:25 10.551 8.695 -0.4 12.49 -0.51 -0.2 0.2 
7/19/2007 16:29:25 12.849 6.796 13.4 11.73 -0.38 1.3 1.7 

7/1912007 16:30:24 12.587 6.992 4 .7 8.31 -0.74 -0.3 o 
7/19/2007 16:31:26 12.104 7.412 4.6 11.49 0.23 0.1 0.5 

7/19/2007 16:32:25 12.494 7.081 4 10.58 0.71 3.9 4.4 

7/19/2007 16:33:25 12.982 6.674 5.1 9.85 0.41 2.6 3.2 

7/19/2007 16:34 :24 13.539 6.214 2.8 10.76 0.38 1.3 1.7 

7/1912007 16:35:24 14.366 5.521 4 .9 8.64 0.49 1.9 2.5 

711912007 16:36:25 12.536 7.038 16.1 9.43 0.07 4.9 17 

711912007 16:37:25 11.395 7.999 121.4 10.76 0.2 7.4 0.5 

7/1912007 16:38:24 12.505 7.078 7 11 .22 0.42 2.3 2.7 

711912007 16:39:24 10.002 9.16 13.3 11.41 0.22 -0.2 o 
711912007 16:40:25 10.483 8.764 58.1 12.48 0.48 2.6 6.2 

7119/2007 16:41 :25 11.518 7.908 47 12.35 0.41 2.3 0.6 
7119/2007 16:42:24 13.856 5.961 5.7 10.72 0.48 0.3 0.6 

7119/2007 16:43:24 14.865 5.11 4.8 7.9 0.18 15.5 21 .6 

711912007 16:44:26 14.574 5.347 17.9 8.17 -0.05 18.8 24.1 

711912007 16:45:25 14.421 5.469 17 7.15 -0.02 14.2 8.6 

711912007 16:46:25 11.253 8.095 131 .1 8.68 -0.17 172.7 116.2 

711912007 16:47:24 11.041 8.297 419.8 9.62 0.05 0.8 1 

711912007 16:48:26 10.412 8.824 16.1 11.2 0.4 21.9 25 

7119/2007 16:49:25 9.899 9.243 83.5 11.71 0.48 1.6 1.8 

711912007 16:50:25 11.521 7.911 57.1 12.85 0.44 0.2 0.5 

711912007 16:51 :24 8.227 10.63 68.9 13.81 0.35 14.9 15 

711912007 16:52:24 10.626 8.654 86.2 13.15 0.37 0.4 1.7 

711912007 16:53:25 11.177 8.191 43.6 11 .25 0.45 2.5 2.9 

711912007 16:54:25 11.129 8.234 5.4 11 .16 0.19 -0.5 -0.2 

7119/2007 16:55:24 8.804 10.156 5.4 11.97 0.14 -0.6 -0.3 

711912007 16:56:24 10.446 8.816 3.9 12.05 0.32 -0.6 -0.3 

711912007 16:57:25 12.33 7.236 -1.4 10.71 0.34 -0.6 -0.3 

7/1912007 16:58:25 12.843 6.812 -1.1 11.01 0.32 -0.5 -0.1 

7119/2007 16:59:24 14.26 5.624 -0.4 8.14 0.08 0.5 1.1 

711912007 17:00:24 12.685 6.917 0.8 8.91 -0.11 -0.4 16.5 

Pause 
End Pause 

7119/2007 17:02:25 12.076 7.446 24.3 10.64 0.01 ·2.3 -1 .9 

7119/2007 17:03:25 11.851 7.62 11 .7 10.11 -0.15 2.3 4.9 

711912007 17:04:24 12.671 6.948 5.5 9.59 0.03 2.7 7.5 

7119/2007 17:05:26 12.986 6.677 10.4 8.99 0.Q1 15.3 16.7 

711912007 17:06:25 11.794 7.675 80.8 10.05 -0.04 8.9 11 .9 

711912007 17:07:25 11.524 7.896 4 .2 9.88 -0.05 1.2 3.7 

711912007 17:08:24 11.262 8.128 9.8 10.5 -0.04 7.6 11 .3 

711912007 17:09:24 12.364 7.207 4.7 9.57 -0.16 2.4 5 
711912007 17:10:25 11 .565 7.869 -0.5 10.14 0.2 1.4 3.9 

711912007 17:11 :25 11.159 8.203 -0.7 9.96 0.02 1.4 3.9 

711912007 17:12:24 11.016 8.334 -1.4 11.15 0.08 1.5 4.2 

7/1912007 17:13:24 11.636 7.805 3.1 1028 -0.14 3.1 6 

711912007 17:14:25 13.707 6.081 13.6 7.91 -0.06 2.6 5.3 

711912007 17:15:25 12.451 7.13 5.2 9.37 0.02 2.6 4.9 

Pause 
End Pause 

711912007 17:18:26 9.5 9.571 2.6 12.33 0.22 2.3 4.6 

7/1912007 17:19:25 9.297 9.751 23.2 13.58 0.23 2.3 10.1 

7/1912007 17:20:25 9.299 9.754 66.1 13.95 0.32 68 4 



7/19/2007 17:21:24 6.76 11.83 175.2 13.46 0.46 97.5 46.6 
7/19/2007 17:22:26 8.926 10.07 488.4 12.23 0.87 3.5 4 
7/1912007 17:23:25 10.649 B.472 6.7 13.06 1.07 2.3 5.3 
7/19/2007 17:24:25 11.146 B.225 3.3 12.44 0.91 2 5.4 
7/19/2007 17:25:24 13.799 6.021 lB.8 11.22 0.7 3.4 4.8 
7/19/2007 17:26:24 13.144 6.547 4.6 8.4 0.53 1.7 3.9 
7/19/2007 17:27:26 12.754 6.872 1.1 10.71 0.37 13.2 16.1 
7/19/2007 17:28:25 11.459 7.948 13.9 10.99 0.43 1.7 4.1 
7/19/2007 17:29:25 11.169 8.187 3 12.88 -O.D1 1.9 4.3 
7/1912007 17:3024 10.923 8.395 3.3 11.67 0.39 1.5 3.7 
7/19/2007 17:31:26 10.573 8.688 -0.9 12.61 0.53 1.5 3.9 
7/19/2007 17:32 :25 11.926 7.571 -1 .4 12.9 0.55 3.9 7.4 

Average of TesL Run 021n C021n CO NOx S02 CH4 THC 
% % ppm ppm ppm ppm ppm 

7/19/2007 17:32:34 11.598 7.827 44.4 10.71 0.43 11 .3 10.7 
Test Run 1 End 



;to 

Final System Bias Check, Run 1 STRATA Version 3.01 
Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: it Perennial Gas Comb. Stack 

Reference Cylinder Numbers 
Zero Span 

02In Ni trogen CC143844 
C02In Ni trogen CC14384.4 
CO Nitrogen CC143844 
tWx Nitrogen CC253351 
S02 Nitrogen CC253351 
CH4 Nitrogen CC61264 
THC Nitrogen CC61264 

Date/Time 07-19-2007 17:47:27 PASSED 
Analyte 02In C02!n CO NOx S02 CH4 THe 
Units % % ppm ppm ppm ppm ppm 
Zero Ref Cyl 0.000 0.000 0.0 0.00 0.00 0.0 0.0 
Zero Cal 0.002 0.002 -0.7 0.15 -0.43 -0.4 0.0 
Zero Avg 0.003 0.003 -1. 6 0.21 0.21 0.3 1.2 
Zero Bias% 0.0% 0.0% 0.1% 0.1% 0.6% 0.1% 0.1% 
Zero Drift% 0.0% 0.0% -0.1% 0.0% 0.0% 0.0% 0.2% 
span Ref Cyl 12.000 12.000 479.0 51. 00 50.40 49.7 49.7 
Span Cal 11. 982 12.154 479.7 51. 30 51.25 49.7 50.0 
Span Avg 11.943 12.104 471. 6 50.34 53.13 49.6 50.6 
Span BidS% 0.2% 0.2% 0.8% 1. 0% 1. 9% 0.0% 0.1% 
Span Drift% 0.0% 0.0% -0.8% -0.7% 1. 9% -0.1% 0.0% 

Ini Zero Avg 0.003 0.003 -0.9 0.17 0.18 -0.1 -0.4 
Ini Span Avg 11.947 12.105 479.5 51. 05 51.20 50.5 50.5 
Run Avg 11.598 7.827 44.4. 10.71 0.43 11. 3 10.7 
Co 0.003 0.003 -1.2 0.19 0.20 0.1 0.4 
Cm 11. 945 12.105 475.5 50.69 52.16 50.1 50.5 
Correct Avg 11. 652 7.758 45.9 10.63 0.23 11.2 10.2 
System Bias Check End 
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'1 {I
J. 

Ini tial System Bias Check, Run 2 STRATA Version 3.01 
Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: Ht Perennial Gas Comb. Stack 

Reference Cyl i nder Numbers 
Zero Span 

021n Nitrogen CC143844 
C02In Nitrogen CC143844 
CO Nitrogen CC143844 
NOx Nitrogen CC253351 
502 Nitrogen CC253351 
CH4 Nitrogen CC61264 
THC Nitrogen CC61264 

Date/Time 07-20-2007 07,44,42 PASSED 
Analyte 021n C02rn CO Nox 502 CH' THC 
Units % % ppm ppm ppm ppm ppm 
Zero Ref Cyl 0.000 0.000 0.0 0.00 0.00 0.0 0.0 
Zero Cal 0.002 0.002 -0.7 0.15 -0.43 -0.4 0.0 
Zero Avg 0.008 0.008 -0. , 0.17 -0. '0 0.0 -0.2 
Zero Bias% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Zero Drift' 
Span Ref Cyl 12.000 12.000 '79.0 51. 00 50. '0 '9.7 '9.7 
Span Cal 11. 982 12.154 479.7 51. 30 51.25 49.7 50.0 
Span Avg 11. 9'0 12.125 476.3 52.07 50.95 50.1 50.3 
Span Bias% 0.2% 0.1% 0.3% 0.8% 0.3% 0.0% 0.0% 
Span Drift% 
System Bias Check End 
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Test Run 2 Begin. STRATA Version 3.01 
Operator: KEF 
Plant Name: ParameLrix, City af Tacoma 
Location: #, Perennial Gas Comb. Stack 

0 2in C02in 

Begin calculating run averages 
7/2012007 8:32 :44 
7/20/2007 
712012007 
7/20/2007 
7/2012007 
7/20/2007 
7/20/2007 
712012007 
7120/2007 
712012007 
7/20/2007 
7/2012007 
7120/2007 
7/20/2007 
712012007 
7/20/2007 
7/2012007 
7120/2007 
7120/2007 
712012007 
7/20/2007 
712012007 
7120/2007 
712012007 
712012007 
7120/2007 
7120/2007 
7120/2007 
712012007 
7/2012007 
7/2012007 
7120/2007 
7/20/2007 
7120/2007 
7/20/2007 
712012007 
712012007 
7/20/2007 
712012007 
7/20/2007 
712012007 
7/20/2007 
7/20/2007 
712012007 
7120/2007 
7120/2007 
7/20/2007 
7/2012007 
712012007 
7/20/2007 
712012007 
7/20/2007 

8:33:43 
8:34:43 
8:35:42 
8:36:44 
8:37:43 
8:38:43 
8:39:42 
8:40:44 
8:41 :43 
8:42:43 
8:43:42 
8:44:44 
8:45:44 
8:46:43 
8:47:43 
8:48:44 
8:49:44 
8:50:43 
8:51 :43 
8:52:42 
8:53:44 
8:54:43 
8:55:43 
8:56:42 
8:57:44 
8:58:44 
8:59:43 
9:00:43 
9:01 :44 
9:02:44 
9:03:43 
9:04:43 
9:05:42 
9:06:44 
9:07:43 
9:08:43 
9:09:42 
9:10:44 
9:11 :43 
9:12:43 
9:13:42 
9:14:44 
9:15:44 
9:16:43 
9:17:43 
9:18:44 
9:19:44 
9:20:43 
9:21 :43 
9:22:42 
9:23:44 

% % 

14.127 
14.917 
14.179 
13.338 
16.114 

15.56 
13.87 
13.38 

12.948 
13.123 
13.099 
14.851 
14.986 
13.228 
13.053 
13.274 
13.004 
10.803 
11 .856 

11.98 
11 

12.317 
13.215 
13.349 
14.311 
12.976 
13.556 
13.505 
15.041 
14.797 
13.377 
14.426 
14.017 
13.837 

12.98 
13.59 

13.684 
12.438 
12.138 
13.266 
13.953 
13.953 
13.917 
14.976 
14.172 
14.407 
14.255 
15.236 
13.802 
14.419 
14.175 
13.673 

5.75 
5.11 

5.669 
6.443 
4.123 
4.554 
5.948 
6.369 
6.756 
6.58 

6.624 
5.182 

5.03 
6.482 
6.674 
6.488 
6 .686 
8.525 
7.661 
7.586 
8.374 
7.321 
6.521 
6.403 
5.631 

6.71 
6.242 
6.284 
5.032 
5.175 
6.395 
5.516 
5.847 
5.995 
6.719 
6.225 
6.122 
7.167 
7.431 
6.494 
5.911 
5.916 
5.939 
5.052 
5.703 
5.538 
5.639 
4.85 

6.003 
5.506 
5.731 
6.124 

};(2 

CO 
ppm 

23.9 
7.1 
1.7 

-0.2 
21 .6 

12 
24.5 
45.1 

61 
49.7 
94.1 

6 .1 
24.4 
11 .3 
10.6 

25 
10.7 
12.5 
40.3 

5.1 
6.6 

11 .6 
125.2 
112.7 
171 .4 

13.3 
40.8 

37 
90.4 
16.3 
9.2 

17.4 
26.9 

182.3 
6.7 
2.6 
2.8 
3.1 
4.8 

18.2 
82.5 

5.1 
58.3 
23.7 

1.4 
9.4 
93 

50.7 
6.5 
2.4 
2.4 
4.2 

NOx 
ppm 

7.52 
7.54 
6.56 
7.78 
6 .86 
5.76 
7.41 
7.64 
8.14 
8.71 
9.28 
9.19 
7.54 
9.44 

10.62 
9.81 

9.7 
11.86 
11 .63 
12.36 
12.85 
12.87 
10.28 
9.56 
9.36 
9.56 
9.61 
9.24 
8.69 
7.73 
10.4 
8.98 
9.32 
8.58 

10.05 
10.16 

9.6 
11.44 
11 .92 
11 .12 
9.29 

10.23 
9.05 
7.66 
8.19 
9.49 
9.29 
8.36 
8.38 
7.86 
9.59 
9.67 

S02 
ppm 

0.19 
0.3 

0.11 
4.33 
3.59 
1.59 
0.52 

-0.18 
-0.11 
-0.21 
-0.49 
-0.78 
-1.06 
-1 .07 
0.74 
0.51 
0.55 
1.84 
5.52 
9.34 
9.64 

20.48 
15.3 
8.74 
5.47 

4 

4.07 
3.23 
2.39 

1.7 
1.53 
1.42 
1.15 
1.24 
1.31 
1.38 
1.35 
1.48 
2.11 
2.49 
2.24 
1.83 
1.93 
1.86 
1.71 
1.57 
1.57 
1.55 
1.57 
1.81 
1.58 
1.52 

CH4 
ppm 

3.2 
1.1 
3.4 

14.9 
10.6 
11.6 

30 
8.6 

12.9 
12.9 
-0.5 
4 .8 
0.7 
3.6 
4.1 
2.4 
0.8 
8.8 
0.5 
2.5 
3.5 
23 

198 
138.9 

4.5 
10.5 
2.8 

27.3 
11 .5 

1.7 
6.3 

7 
82.6 

0.1 
-0.6 

3 
-0.4 
-0.5 
0.1 

30.3 
1.2 
7.3 

16.2 
1.2 
0.5 
8.6 
4.6 
4.1 
0.6 
1.1 
0.1 
0.8 

THC 
ppm 

5.3 
2 

11 .6 
20.9 
14.6 
29.5 

7.5 
11.9 
16.6 

15 
o 

4.5 
1.2 
4.2 
4.9 
0.6 
1.2 

13.8 
4.1 
3.2 

11 .2 
26.6 
20.6 
82.9 

2.1 
13.9 

5.4 
44.4 
11 .5 

1.9 
7.4 
8.4 

20.8 
0.6 
0.8 
2.7 

-0.1 
-0.5 

45.7 
2.2 
22 

9.5 
1.3 

18 
4.7 
4 .2 
2.1 
0.9 
0.4 
9.1 



JI) 


712012007 
7/20/2007 
7/20/2007 
7/2012007 
712012007 
712012007 
7120/2007 
712012007 
712012007 
7/20/2007 
7/20/2007 
7/20/2007 
7/2012007 
7/20/2007 
7/20/2007 
7/20/2007 
712012007 
7120/2007 
7/20/2007 
7/20/2007 
712012007 
7/2012007 
7/20/2007 
7/20/2007 
7/2012007 
7/20/2007 
7/20/2007 
7/20/2007 
7120/2007 
712012007 
7/20/2007 
7/20/2007 
712012007 
712012007 
7120/2007 
7/20/2007 
7/20/2007 
712012007 
7/20/2007 
7/20/2007 
7/2012007 
712012007 
7120/2007 
7/20/2007 
7/20/2007 
7/2012007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
712012007 
7/20/2007 
7/20/2007 
7/2012007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
712012007 

9:24:43 
9:25:43 
9:26:42 
9:27:44 
9:26:43 
9:29:43 
9:30:42 
9:31:44 
9:32:44 
9:3343 
9:34:43 
9:35:44 
9:36:44 
9:37:43 
9:3643 
9:39:42 
9:40:44 
9:41:43 
9:4243 
9:43:42 
9:44:44 
9:45:43 
9:46:43 
9:47:42 
9:46:44 
9:49:44 
9:50:43 
9:51:43 
9:52:44 
9:53:44 
9:54:43 
9:55:43 
9:56:42 
9:57:44 
9:58:43 
9:59:43 

10:00:42 
10:01 :44 
10:02:43 
10:03:43 
10:04:42 
10:05:44 
10:06:44 
10:07:43 
10:06:43 
10:09:44 
10:10:44 
10:11:43 
10:12:43 
10:13:42 
10:14:44 
10:15:43 
10:16:43 
10:17:42 
10:18:44 
10:19:43 
10:20:43 
10:21:42 
10:22:44 

14.693 
15.701 
14.682 
13.939 
14.111 
14.461 
14.048 

13.67 
13.756 
14.764 

15.17 
14.77 

14.336 
13.536 
13.465 
14.257 
13.977 

14.99 
15.309 
15.571 
14.111 
14.655 
14.135 
13.385 
13.633 
14.724 
13.277 
14.095 
13.156 

14.93 
13.089 
13.381 
14.113 
12.369 

13.87 
12.937 
12.899 

14.26 
13.829 
12.259 
12.744 
14.295 
13.116 
13.534 
12.367 
12071 

12.34 
12.166 
12.579 
12.211 
11.799 
11.246 
11.615 
10.797 

11 .19 
12.169 
9.922 
9.722 

11 .341 

5.3 
4.443 
5.287 
5.884 
5.773 
5.479 
5.812 
6.121 

6.06 
5.24 

4.873 
5.216 
5.574 
6.235 

6.3 
5.64 

5.885 
5.046 
4.776 
4.545 
5.759 
5.304 
5.753 
6.384 
6.144 
5.261 
6.445 
5.767 
6.562 
5.105 
6.607 
6.389 
5.777 
7.196 
5.965 
6.758 
6.785 
5.674 
5.973 
7.327 
6.912 
5.639 
6.563 
6.272 
7.213 
7.519 
7.227 
7.412 
7.077 
7.365 
7.702 
6.181 
7.865 
6.537 
6.245 
7.414 
9.246 

9.46 
6.118 

3.6 9.66 1.52 6.7 1.3 
9.9 7.76 1.47 1.6 1.5 
12 8.34 1.37 2.9 4.2 

64.1 8.7 1.59 53.5 78.5 
225.5 9.13 2.1 1.5 0.7 
29.3 9.3 1.62 0.6 0.6 

4.9 8.35 1.66 9.6 10.6 
11 .1 8.61 1.47 5.5 7.1 

40 10.79 1.61 1.1 1 

16.2 9.52 1.76 1.3 1.6 
1.4 8.56 1.47 1.6 3.6 
4.1 9.1 1.73 3.7 4.1 

10.3 8.51 1.55 59.2 46.2 
76.9 8.62 1.43 22.3 1.9 

31 10.14 1.49 12.4 20.1 

55.4 8.26 1.45 1.3 1.5 
8.7 9.53 1.52 2.1 2.3 
7.6 8.88 1.17 1.6 1.6 
2.4 7.98 1.27 1.4 1.4 
1.1 7.83 1.05 3.6 4.9 

39 9.02 0.96 1.4 1.5 
6 9.26 1.06 1.7 1.7 

4.9 10.65 1.22 0.8 0.7 
1 11.73 1.48 3.2 4.1 

20.1 10.17 1.74 17 26.3 
34 .6 10.22 1.66 14.7 20.9 

165.4 8.46 2.03 5.6 69.9 
158.6 9.29 2.62 52.2 2 
74 .5 11 .51 2.21 0.5 1.2 

2.2 10.06 2.26 1.3 1.1 

12.4 9.62 1.65 0.2 0.9 
5.5 11 .5 2.13 0.7 0.3 

11 .1 4 2.34 24.2 46.6 
185.6 11 .36 2.5 6.2 3.4 
44.6 11 .09 2.73 62.4 66.2 

198 .6 11 .1 1 3.37 11.4 4.6 
13.6 11 .53 5.19 4.5 4.2 

7.7 10.65 4.49 3.7 3.5 
6.2 9.6 3.57 5.6 11.6 
7.2 12 .53 8.17 2.6 16.2 

180.4 12.1 9.82 117 74.3 
296.5 8.54 12.5 17.9 27.7 

85.2 9.3 9.97 31.2 40.5 
60 9.76 9.05 1.4 4.3 

16.9 11 .23 7.16 6.3 14.9 
98.6 12.17 6.75 144.1 68 

242.8 9.23 5.24 44.1 7.2 
197.1 11 .39 4.28 -0.6 -0.2 

4.8 12.51 3.39 -0.5 -0.4 
0.7 12.43 2.95 -0.6 3.6 

44.1 12.9 3 2.5 0.2 
30.9 13.59 3.45 -0.6 0.1 

2 13.54 3.82 -0.7 0.6 
5 14.25 4.85 27.6 38.6 

105.1 14.23 6.53 -0.3 1.2 

4.8 13 5.83 -0.4 1.4 
0.5 14.35 6.46 3.7 14 
6.7 15.29 17.51 2.2 73 

16 14.11 15.7 -0.5 1.4 



3/L( 

7/20/2007 10:23:44 12.366 7.261 4.9 13.64 9.67 4 6.2 
7/20/2007 10:24:43 13.377 6.385 10.9 11.57 6.38 3.8 B.3 
7/20/2007 10:25:43 11.79B 7.685 20.6 12.03 4.3 4.8 3.2 
7/20/2007 10:26:44 12.513 7.142 13.1 13.01 3.14 0.2 1.6 
7/2012007 10:27:44 13.003 6.696 7.3 11.25 2.16 22.8 40.4 
712012007 10:28:43 13.896 5.966 115.4 9.59 1.62 17.2 B.7 
7/20/2007 10:29:43 13.766 6.055 36 9.33 1.1 2.7 2.4 
7/2012007 10:30:42 11.722 7.733 4B.1 10.52 1.14 92.6 42.4 
7/20/2007 10:31 :44 10.3B7 B.884 236 .2 13.2 2.56 6.B 57.2 

Average of Test Run 021n C021n CO NOx S02 CH4 THC 

% % ppm ppm ppm ppm ppm 
7/20/2007 10:31 :44 13.439 6.334 43.8 10.09 3.26 12.7 12.8 

Test Run 2 End 



Final System Bias Check, Run 2 STRATA Version 3.01 
Operator: KEF 
Plant Name: 
Location: 

Pirametrix, City
fif Perennial Gas 

of Tacoma 
Comb. Stack. 

Reference Cyl~nder Numbers 
Zero Span 

021n Nitrogen CC143844 
C021n Nitrogen CC143644 
CO Nitrogen CC143844 
NOx Nitrogen CC253351 
802 Nitrogen CC253351 
eH4 Nitrogen CC61264 
THe Nitrogen ce61264 

Date/Time 07-20-2007 10:49:25 PASSED 
Analyte 021n C02In CO NOx 502 CH4 THC 
Units \ % ppm ppm ppm ppm ppm 
Zero Ref Cy::' 0.000 0.000 0.0 0.00 0.00 0.0 0.0 
Zero Cal 0.002 0.002 -0.7 0.15 -0.43 -0.4 0.0 
Zero Avg 0.000 0.049 0.6 0.16 -0.03 0.1 -0.4 
Zero Bias% 0.0% 0.2% 0.1% 0.0% 0.4' 0.0% 0.0% 
Zero Drift% 0.0% 0.2% 0.1% 0.0% 0.4% 0.0% 0.0% 
span Ref Cyl 12.000 12.000 479.0 51.00 50.40 49.7 49.7 
span Cal 11. 982 12.154 479.7 51.30 51.25 49.7 50.0 
span Avg 11.861 12.069 477.8 51.15 49.76 50.4 50.6 
span Bias% 0.5% 0.3% 0.2% 0.2% 1. 5% 0.1% 0.1% 
span Drift% -0.3% -0.2% 0.2\ -0.9% -1.2% 0.0% 0.0% 

Ini Zero Avg 0.008 0.008 -0.4 0.17 -0.40 0.0 -0.2 
Ini Span Avg 11.940 12.125 476.3 52.07 50.95 50.1 50.3 
Run Avg 13.439 6.334 43.8 10.09 3.26 12.7 12.8 
Co 0.004 0.028 0.1 0.17 -0.21 0.1 -0.3 
Cm 11. 901 12.097 477.1 51.61 50.36 50.3 50.5 
Correct Avg 13.552 6.270 43.9 9.83 3.47 12.5 12.8 
System Bias Check End 

Page 1 



31(. 

Test Run' Begin. STRATA Version 3.01 
Operator: KEF 
Plant Name: Parametrix, City of Tacoma 
Location: #1 Perennial Gas Comb. Stack 

021n C021n CO NOx S02 CH4 THC 
% % ppm ppm ppm ppm ppm 

7/2012007 11 :03:25 11.90B 7.646 43.4 12.59 0.69 B.6 1 
7/2012007 11 :04:25 10.707 8.602 32.3 13.9 0 .92 6.3 8.1 
7/20/2007 11:05:24 11.072 8.344 81 .3 15.04 1.43 0.5 0.2 
7/20/2007 11:06:24 12.206 7.408 5.1 13.73 1.36 O.B 0.2 
7/20/2007 11:07:25 12.239 7.332 2.2 12.68 1.03 0.7 0 
7/20/2007 11:08:25 11.839 7.695 1.3 13.84 0.88 0.6 0.1 
7/2012007 11 :09:24 12.12 7.447 1.6 13.09 0.82 O.B 1.2 
7/2012007 11:10:24 12.386 7.23B 12.5 12.76 0.76 5B.l 5.8 
7120/2007 11:11 :25 11.683 7.799 B2.7 13.48 0.88 3.2 3.5 
7/20/2007 11:12:25 12.698 6.977 19.B 13.32 0.93 58 15.9 
7/20/2007 11:13:24 12.725 6.943 178.7 12.28 0.88 67.6 14.1 
7/2012007 11:14:24 12.49 7.135 124 12.27 0.74 1.5 1.3 
712012007 11 :15:26 11.264 8.149 31.8 13.49 1.12 1.3 1.9 
7/2012007 11 :16:25 11.653 7.849 7.9 14.07 1.8 1 2 
7/20/2007 11:17:25 11.674 7.84 5 14 .36 2.15 0.8 1.4 
7120/2007 11:18:24 11.007 8.372 2.3 13.76 2.37 2.4 3 
7/20/2007 11:19:24 12.4 7.252 3.9 14.02 2.37 B.6 10.1 
712012007 11:20:25 12.773 6.89 14 .9 11 .64 1.B2 4.1 4.7 
7/2012007 11 :21 :25 11.477 7.993 13.4 12.35 1.61 1.8 1.4 
712012007 11:22:24 12.835 6.853 "22.8 12 1.49 2 1.7 
7/20/2007 11:23:24 12.067 7.475 22 11.06 1.25 O.B 1.3 
7/20/2007 11:24:25 9.B28 9.357 17 14.67 2.36 B.4 10.6 
7/20/2007 11:25:25 11.613 7.889 138.7 13.48 3.12 lB 30.1 
712012007 11 :26:24 12.299 7.29 73.4 11 .53 2.17 13.1 11.9 
712012007 11·27:24 12.598 7.052 113.8 12.43 1.78 6.7 6.4 
7/20/2007 11:28:25 12.297 7.296 26.3 12.08 1.42 1.1 1.4 
7120/2007 11:29:25 12.91 6.794 21.6 12.22 1.37 62.1 38.9 
7/20/2007 11:30:24 12.599 7.043 106.8 10.31 1.33 11 .5 11.4 
7120/2007 11 :31 :24 11.569 7.847 157 11.34 1.09 166.7 19.5 
712012007 11 :32:26 9.891 9.30B 202.1 14.33 2.24 4.3 4.6 
712012007 11 :33:25 11.018 8.37 77.3 14.47 3.27 0.5 0.3 

Tesl Run 3 End 



Test Run 3 Begin. STRATA Version 3.01 
Opera lor KEF 
Plant Name: Parametrix, City of Tacoma 
location: #. Perennial Gas Comb. Stack 

021n C021n 

Begin calculating run averages 
712012007 11 :39:26 
7/20/2007 
7/20/2007 

7/20/2007 

7/20/2007 

7/2012007 
7/20/2007 

7/20/2007 

712012007 

712012007 
7/20/2007 

7/20/2007 

7/20/2007 
712012007 

7/20/2007 
7/20/2007 

7/20/2007 

7/2012007 
7/20/2007 

7/20/2007 

7/20/2007 

712012007 
712012007 
7120/2007 

7/20/2007 
7/2012007 

712012007 
7/20/2007 
7/20/2007 

7120/2007 

712012007 
7/20/2007 

7/20/2007 
7/20/2007 

712012007 
7120/2007 
7/20/2007 
7/20/2007 

7/2012007 
7/2012007 
7/20/2007 

7/20/2007 
7120/2007 

7120/2007 
7/20/2007 
7/20/2007 

7/20/2007 

712012007 
7/20/2007 
7/20/2007 
7/20/2007 

7/2012007 

11:40:25 
11:41:25 
11 :42:25 
11 :43:26 
11:44:26 
11:45:25 
11:46:25 
11:47:26 
11 :48:26 
11 :49:25 
11 :50:25 
11:51:26 
11:52:26 
11 :53:25 
11 :54:25 
11:55:24 
11 :56:26 
11:57'26 
11 :58:25 
11 :59:25 
12:00:26 
12:01:26 
12:02:25 
12:03:25 
12:04:26 
12:05:26 

12:06:25 
12:07:25 

12:08 :26 

12:09:26 
12:10:25 
12:11:25 
12:12:24 
12:13:26 
12:14:26 
12:15:25 
12:16:25 
12:17:26 
12:18:26 
12:19:25 
12:20:25 
12:21:26 
12:22:26 
12:23:25 
12'24:25 
12:25:26 
12:26:26 
12:27:25 
12:28:25 
12:29:24 
12:30:26 

% % 

10.927 

11.185 
11.34 

11.322 
11 .96 

11.077 
10.97 

11.434 
11.11 

11.168 
10.682 
10.661 
10.125 
10.706 
11.699 
12.112 
10.211 
10.216 

10.79 
11.322 
11.725 
12.991 
13.662 
14.364 
13.051 
12.712 

12.59 
12.036 
12.128 
11 .992 
12.476 
12.365 
11.447 
11.669 
12.802 
11 971 
11.706 
10.591 
12.409 

11.718 
10.556 
10.623 

11 .983 
12.85 
10.85 
11.09 

11.494 
11.986 
13.033 
11.603 

11 .84 
10.684 

8.476 
8.207 

8.125 
8.114 
7.582 
8.305 

8.403 
8.Q1 

8.303 

8.222 
8.662 
8.646 
9.112 
8.634 
7.803 

7.484 
8.991 
9.053 

8.563 
8.102 
7.791 
6.725 
6.162 
5.552 
6.651 
6.956 
7.012 
7.532 
7.441 
7.511 
7.182 
7.224 

7.99 
7.679 
6.882 
7.548 
7.787 
8.719 

7.23 
7.742 
8.743 
8.712 
7.556 
6.841 
8.496 
8.307 

7.969 
7.583 
6.664 
7.863 
7.681 
8.648 

CO 
ppm 

48.1 
18.2 
43.4 

11 
6.9 

89.4 
119.5 
23.5 
37.6 

59 
206.2 

12.5 
48 

4.7 
93.5 
156 
178 

116.5 
51 .8 

179.7 
59.4 

248.5 
13.2 
3.1 
3.8 
6.7 

100.1 
27.8 

150.6 

40 .2 
17 

21 .5 
40.8 
36.8 
28.5 

49 
65.7 
33.7 
44 .8 
69.8 
88.3 

120.5 
40.8 

176.9 
9.9 
6.8 

23.1 
6.5 
6.5 
3.2 
8.5 

12.4 

NOx 

ppm 

14.69 
14.65 
15.09 
13.74 
14.01 
13.38 
13.44 

14.5 
14.52 
13.68 
14.94 
14.84 
15.27 
15.66 
14.05 
12.72 
13.37 
15.49 
15.07 
12.95 
13.45 
11 .82 
11 .83 
10.22 
11 .04 
13.17 
11 .01 
13.12 
12.64 
11 .88 
13.07 
11 .59 
12.85 
13.27 

11 .5 
11 .95 
12.52 

14 .4 
12.95 

12.2 
13.84 
13.34 
13.59 
12.36 
12.04 
14.03 

13.71 
13.93 
11 .03 
14.05 

13.53 
15.64 

S02 
ppm 

3.64 
2.96 
3.03 
2.74 
2.44 
2.12 
2.49 
2.88 
3.13 
3.03 

4.14 
4.08 

5.43 
6.3 

5.36 
4.03 

3.58 
4.56 
4.19 
5.59 
5.22 
4.04 
3.13 

2.4 
2.28 
1.86 
193 
2.03 

2.27 
2.4 

3.16 
3.22 
2.55 
2.45 
2.49 

2.1 
2.17 
2.63 
3.47 
3.36 
4.84 
9.16 
7.19 
5.33 
4.25 
3.77 
3.58 
3.32 
3.09 
2.93 
2.87 
3.27 

CH4 
ppm 

0.7 

3.2 
1.4 
1.4 

11 .8 
32 

1.3 
2.8 

23.3 
125.2 

1 
10.7 

2.3 
19.4 
20.4 

1.6 
84.2 

2.1 
41.6 
6.5 

81.8 
1.3 
0.8 
2.5 
0.4 

29.6 
11 

85.6 
2.7 
0.9 

9.5 
5 

8.3 
1.3 

12.4 
15.4 

o 
1.6 
9.3 
2.8 

30.6 
1.6 

57.1 
1.6 
0., 

12.8 
1.2 

2 
0.7 
0.4 
0.4 
0.3 

THC 
ppm 

0.1 

3.4 
1.5 

o 
22.4 
34.1 

1.6 
3.1 

31.1 
28.1 

2.1 
14.4 
5.2 

20.7 

27.8 
41.5 

4 

3.3 
45.4 

8.6 
16.6 

1.2 
1.5 

o 
43.6 

6.1 
21.1 

2.5 
6.8 

10.6 

3.1 
6.2 
5.1 

18.7 
13.2 
0.9 
2.5 

13.5 
4 

46.5 
3 

22 
1.3 
0.8 
17 

1 
2 

0.4 
0.4 
0.4 
2.8 



7/20/2007 
712012007 
7/20/2007 
7/20/2007 
712012007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/2012007 
712012007 
7/20/2007 
712012007 
7120/2007 
7/2012007 
7/2012007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
712012007 
7120/2007 
712012007 
7120/2007 
7/20/2007 
7/20/2007 
7/20/2007 
712012007 
7/20/2007 
7/20/2007 
712012007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 
7/20/2007 

12:31 :26 
12:32:25 
12:33:25 
12:34:26 
12:35:26 
12:36:25 
12:37:25 
12:36:26 
12:39:26 
12:40:25 
12:41:25 
12:42:26 
12:43:26 
12:44:25 
12:45:25 
12:46:24 
12:47:26 
12:46:26 
12:49:25 
12:50:25 
12:51 :26 
12:52:26 
12:53:25 
12:54:25 
12:55:26 
12:56:26 
12:57:25 
12:56:25 
12:59:26 
13:00:26 
13:01 :25 
13:02:25 
13:03:24 
13:04:26 
13:05:26 
13:06:25 
13:07:25 
13:08:26 
13:09:26 
13.10:25 
13:11:25 
13:12:26 
13:13:26 
13:14:25 
13:15:25 
13:16:26 
13:17:26 
13:18:25 
13:19:25 
13:20:24 
13:21 :26 
13:22:26 
13:23:25 
13:24:25 
13:25:26 
13:26:26 
13:27:25 
13:28:25 
13:29'26 

11.385 
8.6 

10.416 
11.115 
11.395 
11.751 
11.892 

12.04 
11.034 
10.364 
10.207 
12.139 
12.561 
11.434 
13.105 
11.149 
8.319 

12.011 
11.467 
10.676 
9.714 
10.71 

11.641 
13.168 
10.164 
10.131 
11.113 
12.083 
11.293 
12.158 
11.682 
12.317 
12.884 
11.721 
10.482 
11.677 
12.505 
14.257 
11.388 
12.246 
12.757 

14.89 
11.541 
11.547 
11.657 
13.356 
12.209 
13.306 
13.559 
13.066 
12.204 
11.667 
12.616 
10.242 
12.089 
10.713 
9.685 

10.646 
12.527 

8.066 
10.319 
8.898 

8.31 
8.042 
7.763 
7.631 
7.483 

6.37 
6.69 

9.051 
7.429 

7.08 
6.017 
6.605 
6.234 

10.579 
7.565 
7.984 
6.642 
9.437 
8.631 

7.67 
6.56 

9.042 
9.091 
6.306 
7.465 
6.137 
7.406 
7.613 

7.3 
6.602 
7.778 
8.611 

7.62 
7.14 

5.654 
6.072 
7.336 
6.933 
5.126 
7.907 

7.93 
7.665 
6.409 
7.364 
6.483 

6.27 
6.64 

7.381 
7.808 

7.05 
9.028 
7.485 
8.629 
9.493 

8.72 
7.128 

12.3 
34.2 
67.9 
38.9 

6 
85.1 

118.7 
63.5 

1.2 
18.8 

224.7 
53.4 

3.2 
63.5 
11.1 

179.2 
97.1 

239.8 
6.9 

114.8 
49.6 
12.2 

1.9 
82.2 
61.1 
77.1 
72.1 
42.3 
28.8 
37.2 

22 
7.5 
8.8 
3.2 

158.5 
186.1 

12.2 
3.9 
8.5 

97.6 
14.2 
11.7 

315.3 
41.1 

206.3 
83.5 
55.5 
68.7 

3.2 
9 

154.2 
78.7 

7.5 
87 

29.6 
60.6 
48.7 
20.2 
13.6 

14.57 
14.02 
15.24 
14.61 
14.13 
13.96 
12.39 
12.74 
14.45 
14.52 
15.07 
13.24 
12.16 
12.54 
11.84 
13.32 
14.56 
13.54 
13.73 
13.37 
13.95 
14.93 
14.81 
10.86 
13.59 
14.79 
14.19 

12.4 
13.62 
12.06 
12.27 
13.08 
11.56 
12.62 
14.39 
11.69 
12.96 
10.53 
12.71 
12.34 
11.65 
6.91 

10.46 
12.51 

13.4 
10.45 
11.76 
10.66 
10.51 
10.62 
11.41 
11.66 

12.4 
13.34 
13.53 
13.47 
14.39 
14.63 
12.35 

3.56 
5.29 
9.61 
7.37 
5.53 
6.12 
6.72 
5.45 
4.47 
4.05 
4.37 
4.48 
3.63 
3.76 
4.62 
3.95 

4.1 
4.72 
4.09 
3.54 
3.45 
3.54 
3.43 
2.94 
2.96 
3.74 
3.62 
3.56 
3.97 

4.6 
3.66 
3.63 

3.2 
2.6 

3.99 
5.63 
5.47 
5.25 
4.41 
4.02 
3.61 
309 
2.97 
2.66 
3.26 
3.13 
3.27 
3.09 
2.66 
2.74 
3.27 
3.97 
6.03 
7.64 
7.39 
5.71 
6.54 
8.35 

7.3 

2 
6.5 
2.7 
0.3 

60.1 
15.2 
16.3 
0.3 
0.3 

59.4 
33.6 

0.5 
20.2 

3.2 
24.3 

0.6 
46.9 

0.7 
52.5 

4.4 
0.2 
0.1 
1.6 

42.4 
9 

1.5 
3.3 
1.3 
4.9 

10.9 
3.6 
6.1 
0.6 
0.2 
41 

2 
0.7 
1.3 

5 
1.5 
2.6 

166.6 
7 

22.2 
34.7 

6.9 
65.3 

1.2 
2 

107.5 
45.6 

1.3 
12.7 

6.1 
3.6 

3 
5.4 

1 

0.9 

10.6 
3.5 
0.6 

76.2 
33.7 
16.4 
0.2 
0.3 

56.5 
2.4 
1.3 

29.5 
5.6 

30.6 
5.2 

54.5 
1 

11.5 
6 

0.5 
0.2 

56.6 
1.4 

11.1 
2.4 
4.6 
4.6 
6.1 
16 

0.4 
7.6 
0.3 

20.7 
30.9 

3.9 
3.5 
0.9 

9 
0.6 
3.3 

26.2 
6.5 

67.1 
9.6 

25.9 
12.9 

1.1 
2 

75.1 
20.2 
5.6 
16 

10.4 
4.6 
5.9 

10.4 
3.1 
1.2 



7/20/2007 13302(3 10964 8AOl 23.5 13.04 5.59 7.2 11 
7/20/2007 13 31 ?~ 10957 8A42 68.9 13.5 4.58 0.2 1.3 
7/20/2007 1332/[, 1~ fJ29 6.717 2.5 13.33 4.09 1.3 0.3 
7/20/2007 13332(, 111)8!3 7.898 152.2 11.97 3.59 116.8 52.7 
7/20/2007 133420 103-11 8942 94.5 14.09 3.75 0.4 0.8 
7120/2007 1 :~ :1~ ~;~ j 1926 7.65 2.9 14.3 4.05 1.1 7.7 
7120/2007 1 ~:;5 o'J, I' ~21 7593 54 .8 11 .74 4.24 7.2 2.5 
712012007 l:~~ ? - r ., i :(, 8.314 50.6 13.72 4.09 1.7 3.4 
7/20/2007 I,:. :,~ -'I, . ~ 1tG 5.749 40.2 10.77 3.83 2 1 

Average of Test Rtlr: n:l[,~ C021n CO NOx S02 CH4 THC 
% ppm ppm ppm ppm ppm 

7/20!200i' : :', "f : ., :,1,[1 7832 60.6 13.1 4.06 16.5 12.5 
Test Run 3 r nd 



320 
Final System 
Operdtor: 

Bias Check, Run 3 
KEF 

STRATA Version 3.01 

P!<1nt Name: 
Location: 

Pirametrixj City 
Ii Perennial Gas 

of Tacoma 
Comb. Stack 

02In 
C02In 
CO 
NOx 
502 
CH4 
THC 

Reference 
Zero 
Nitrogen 
Nitrogen 
Nitrogen 
Nl.trogen 
Nitrogen 
Nitrogen 
Nitrogen 

Cylinder Numbers 
Span 
CC143844 
CC143844 
CC143844 
CC253351 
CC253351 
CC61264 
CC61264 

Date/Time 07-20-2007 13,58,49 
Analyte 02In C02!0 CO 
Units % % ppm 
Zero Ref Cyl 0.000 0.000 0.0 
Zero Cal 0.002 0.002 -0.1 
Zero Avg 0.002 0.039 0.7 
Zero Bias% 0.0% 0.2% 0.1% 
Zero Drift% 0.0% 0.0% 0.0% 
Span Ref Cyl 12.000 12.000 479.0 
Span Cal 11.982 12.15' 479.1 
Span Avg 11. 909 12.211 '89.9 
Span Bias% 0.3% 0.2% 1. 0% 
Span Drift% 0.2% 0.6% 1.2% 

Ini Zero Avg 0.000 0.0'9 0.6 
Ini Span Avg 11.861 12.069 '11.8 
Run Avg 11. 659 7.832 60.6 
Co 0.001 0.0" 0.1 
Crn 11.885 12.1'0 '83.9 
Correct Avg 11.112 1.126 59.' 
System Bias Check End 

page 1 

NOx 
ppm 

0.00 
0.15 
0.17 
0.0% 
0.0% 

51. 00 
51.30 
50.98 

0.3% 
-0.2% 

0.16 
51.15 
13.10 
0.17 

51. 07 
12.96 

PASSED 
502 
ppm 

0.00 
-0.'3 
-0 .22 

0.2% 
-0.2% 
50 .'0 
51.25 
'9.71 
1. 5% 

-0.1% 

-0.03 
'9.16 
'.06 

-0.12 
49.13 
'.23 

CH' THC 
pp:n ppm 
0.0 0.0 

-D.' 0.0 
0.4 0.0 

0.1% 0.0% 
0.0% 0.0% 
'9 . 7 '9.7 
'9.7 50.0 
50.1 50.' 
0.0% 0.0% 
0.0% 0.0% 

0.1 -0 .• 
50.' 50.6 
16.5 12.5 
0.2 -0.2 

50.3 50.5 
16. 1 12.' 



C LI E NT: _--!P:..!a!.!r.!!a!.!.m!.!;e'-!!tr~ix~-,:C'-.!.it~y'-.!o,!!f-,T!..!a!.!.c:.!!o!!..!m.!!a!...L!=ca!!!n.!.!d!.!f.!!iI!...1 _ 

CONTINUOUS ANALYZER CHECKLIST 

OXYGEN (O,) ANALYZERS 
Servomex Model 14208 
Infrared Industries Model 2200 
CAl Model 200 
CAl 600 Series 

CARBON DIOXIDE (CO,) ANALYZERS 
Servomex Model 1410B 
Automated Custom Systems Model 3300 
Infrared Industries Model 702D 
CAl Model 200 
CAl 600 Series 

SULFUR DIOXIDE (SO,) ANALYZERS 
BOVAR Weslern Research Model 721 AT 

#1 

#1_ 

Monitor Labs Model 8850 with STl/Am Test S02 Dilution Module 
BOVAR Western Research Model 721 M 

NITROGEN OXIDES (NO,) ANALYZERS 
Thermo Environmental Instruments Model42H 
Thermo Environmental Instruments Model1OS 
Monitor Labs Model 8840 with ML Model 8730 Dilution Module 
CAl Model 400-CLD 

#2_ 

#2_ 

AIR QUALITY. lLC 

DATE: 7/19/07 

#3_ 
#1 

#1L 

#3_ 

#1L 

#1 

#1L 
#1 

#1 

#4_ 
#2_ 

#2_ 

#4_ 

#2 -

L 

#2 -

#4_ 
#2_ 

#2 -

CARBON MONOXIDE (CO) ANALYZERS 
Thermo Environmental Instruments Model 48 
Automated Custom Systems Model 3300 

#1 #2_ #3_ #4L #5_ #6_ 

HYDROCARBON ANALYZERS 
Thermo Environmental Instruments Model 51 HC Analyzer #1 
J.U.M. Engineer Model10gA Non-Methane HC Analyzer 
Infrared Industries Model 702D HC Analyzer 
Infrared Industries Model 703 HC Analyzer 
Thermo Environmental Instruments Model 680 Methane Analyzer 
GAS CHROMATOGRAPH 
SRI Model 8610A GC 
DATA ACQUISITION SYSTEMS 
STRATA 
Yokogawa wiST RATA 
Yokogawa Model HR2400 wi Portable Computer 
Manually Recorded 
BUBBLE METER 
Gilian Bubble Meter #1 (SN 18844-S) 
Gilian Bubble Meter #2 (SN 18445-S) 
Gilian Bubble Meter #3 (SN 18445-S) 

lip I\'lim\mydocs\gnscyl\gasanack doc 

#2_ 
#1L 

#3_ 
#2_ 



3n 
GAS CYLINDER CHECKLIST 

CLIENT: Parametrix • Clly or Tacoma Landfill DATE: 

Cylinder # Gas Concentrations 

Carbon Monoxide, Carbon Oloxlde, Oxygen 
AL2906 898 ppm CO, 22.1% CO 2. 22.0% 0, 

ALM003519 4B5 ppm CO. 120%CO,. 12.1%0, 

ALM016630 48S ppm CO, 11 .9% CO z, 12 ,2% 0, 

AlM042710 486 ppm CO, 12.0% CO,. 12 ,1% 0, 

ALM04<!I00 485 ppm CO, 11 9% CO 2.12.1% D, 

CCI881D 482 ppm CO, 12.0% CO,. 120% O2 

CC49005 <482 ppm CO, 12.0% CO,. 12.0% 0, 

CC530479 482 ppm CO, 12.0% CO,. 11 .9% 0, 

CC62336 .0479 ppm CO, 11.9% CO 2,120% 0, 

CC69301 903 ppm CO, 22.2% CO 2. 21 .9% 0, 

CC92340 474 ppm CO, 11 9% CO,. 120% 0, 

CCs..I381 482 ppm CO, 12.0% CO,. 12,0% 0, 

CC132468 -481 ppm CO, 120% CO,. 12,0% 0, 

X CC143844 479 ppm CO, 12.0""" CO 2. 12.0% 0, 

CCl60030 909 ppm CO. 22.0% CO 2. 22.0% O2 

CCl60566 467 ppm CO. 12.1% CO 2.12.0% O2 

CCl60B51 898 ppm CO, 22.5% CO 2. 21 .9% O2 

CC1620S7 908 ppm CO, 219%C0 2• 22.1%02 

CC174911 861 ppm CO. 22.1% CO 2. 21 .9'-" O 2 

X CCl80131 917 ppm CO, 22.0% CO 2. 22.0% O 2 

Sulfur Dfoxldal Nlt~en Oddesl Carbon Monoxide 

CC20272 90.2 ppm S02. 90.7 ppm NO., 89 .• ppm CO 

CC52410 986 ppm S02. 97.1 ppm NO c' 83.6 ppm CO 

CC55858 SO.4 ppm S02. 50.7 ppm NO •• 49 3 ppm CO 

CCS8255 sa.9 ppm SO 2. 51.9 ppm NO c. 48.4 ppm CO 

CC628<115 SO.7 ppm SO 2. SO.3 ppm NO c. 49 ppm CO 

CC70106 197 ppm 502• 201 ppm NO •• 200 ppm CO 

CC70170 50 4 ppm 502. SO.8 ppm NO .. 49.5 ppm CO 

CC139660 99.3 ppm S02. 97.6 ppm NO •• 82.3 ppm CO 

CC140325 193 ppm 50 2• 192 ppm NO •• 190 ppm CO 

X CC160620 90.0 ppm SO 2. 91.3 ppm NO., 89.5 ppm CO 

CC160736 191 ppm 50 2 , 193 ppm NO •• 191 ppm CO 

CCl60795 90.2 ppm S02. 91.2 ppm NO •• 89 6 ppm CO 

CC161042 90 2 ppm 50 2• 91.1 ppm NO~. 89.5 ppm CO 

CC191210 193 ppm S02. 193 ppm NO •• 190 ppm CO 

CC192220 191 ppm 502.194 ppm NO., 191 ppm CO 

CC192224 51 .1 ppm S02. 51.9 ppm NO., 48.9 ppm CO 

X CC253351 50.4 ppm 502• 51 ppm NO •• 49 9 ppm CO 

CC259848 98 6 ppm SO 2. 96.8 ppm NO •• 82 7 ppm CO 

CC259B3S 190 ppm S02. 193 ppm NO •• 189 ppm CO 

CC259895 55.0 ppm SO 2. 54.3 ppm NO., 46.3 ppm CO 

CC259952 54.7 ppm 502. 54.0 ppm NO,. 46.2 ppm CO 

Sulfur Dloxldel Nllr~en Oxides 

CC7005<4 479 ppm S02. 481 ppm NO, 

CC144125 475 ppm S02. 475 ppm NO. 

CC155872 949 ppm SO 2. 954ppm NO. 

CC254017 476 ppm S02. 471 ppm NO. 

CC259899 967 ppm 502• 948 ppm NO. 

CC259936 966 ppm SO 2. 948 ppm NO. 

CC259947 911 ppmSO,,915ppmNO. 

Nitrogen Oxides 

CC181005 1800 ppm NO" 

CC259B73 1840 ppm NO. 

CC25987S 1840 ppm NO. 

711912007 

Exe. Date 

04112110 

06118/10 

06118110 

06118110 

06/16/10 

01117/10 

01117/10 

01117/10 

01/17110 

Q.4 /12/10 

06120109 

0612.109 

04112/10 

04!12110 

08121/09 

06128107 

06115107 

01117110 

01117/10 

08121109 

09/30/07 

06115109 

07/19108 

06108107 

01/30109 

""""'106 
01I30I09 

00/15i09 

10103/07 

09130/07 

06I15i09 

09130107 

09/30107 

06109107 

06115109 

06/17107 

01/30109 

06I15J09 

06115109 

06115/09 

06115/09 

1>1/20109 

C8J17107 

09I121OB 

04/20109 

06115109 

06115109 

05116109 

05111109 

06101109 

06/01109 

~'v020607 
AmTuIMQu.II,y 



9:lInder# 

AAl12394 

ALM018370 

ALM049011 

ALM052917 

AL1603 

CC12800 

CC18r04 

CC26506 

Ce6l11S 

Ce68S74 

CC82755 

CC113895 

CC1H790 

CC122424 

CC122490 

CC122S05 

CC122S01 

CC122493 

CC148S16 

CC161604 

CC16JOS6 

CC165096 

CC17S835 

CCl80732 

CC215668 

CC49031 

CC55519 

CC5B365 

CC58369 

X CC61264 

CC69S08 

CCl06957 

CC1OB168 

X CC115989 

X CC122541 

CC122579 

CC153098 

CC153164 

CC161826 

CC161853 

CC163318 

3}) 
GAS CYLINDER CHECKLIST 

Gas Concen~Uons 

propane 

49.9 % Propane 

1.04 % Propane 

29.9 % Propane 

90 % Propane 

3030 ppm Propane 

51 .5 ppm Propane 

902 ppm Propane 

95.2 ppm Propane 

89.7 ppm Propane 

89.7 ppm Propane 

95.6 ppm Propane 

30.3 ppm Propane 

30 ppm Propane 

4880 ppm Propane 

94<40 ppm Propene 

50.3 ppm Propane 

89.9 ppm Propane 

2910 ppm Propane 

846 ppm Propane 

SO.1 ppm Propane 

30t ppm Propllne 

8900 ppm Propane 

892 ppm Propene 

<496 ppm Propane 

300 ppm Propane 

Methane 

2960 ppm Methene 

301 ppm Methane 

49,8 ppm Melhaoe 

2970 ppm Methano 

49.7 ppm Methene 

303 ppm Melh3l1e 

914 ppm MethiW\e 

907 ppm Methane 

30.1 ppm Methene 

90.0 ppm Methane 

49.8 ppm Me\hane 

499 ppm Methane 

89.8 ppm Methane 

500 ppm Methane 

50 6 ppm Melhane 

89,8 ppm Me1hane 

2 

EKe. Data 

06124/09 

06126108 

06!24109 

06124109 

03/29/08 

03/30JOB 

04115108 

09107109 

08121109 

08121/09 

09107109 

O3J3OJOB 

09107106 

04/15/08 

04115108 

04/11108 

08/21/09 

004/15108 

04(,9/09 

04111108 

04/19/09 

03130108 

03129108 

03129106 

04119109 

03130108 

04111108 

06J0.4110 

04/11108 

10118/07 

10118107 

04/11106 

04/11108 

04/11/08 

0-4 /11108 

Q6J0.411Q 

10118107 

04111108 

04/11/08 

04111108 

03131108 

Rev 0i'0607 
AmTut Al.,Qul. 1y 



J2l \ 
TRAVERSE SAMPLING DATA SHEET 

, Page 1 of __ 

Client .r" l.J l~ c.f ,-, .L ~ 1"b/ l .vIN I L.~ . Stack Schematic Completed V Start Time hoursi St.:e. 
Location 'il, l S:;: ~ 1 2'l'\1\ l'. (,..I t Sample Train Info Completed V Stop Time ~/'f S hours 

Sample Site "i!''J; -E2,f(d.k\ 1\ I t L Pitot# / 9S--6 £3 Side ,.... ) 

Barometric Press. 2'/.7 0 "Hg 


~:i {J..Nj', ~ , '-d: r tL.· Thermocoupte # I ? ~ --..G/' Stalic Press. - () . (21 "H2O 
Stack Diameter I I B 1/ Meter Box 10 11:.20 '. Production Rate -t;, v ; tiL 

. ­
i S~b·L ). 

Date Pressure Meas. Device" , , t.t q /0 ' 

Operators ~4 t.::.::r9- Mag./Man.(9 1.0. =#<f Cyclonic Flow Check 

Run # ) Method L(oA Fitter # Imp. Set 6- I (Attach sheet if applicable)
• 

EQUIPMENT CHECKS Final Inilial Net SAMPLING PARAMETERS 

I Inilial Final I Wt. Wt. WI. % Moisture 'l. :?.IfI '"'Itt.
Imp gramsLeak Rate cfm a, ODL~ If) cc</ grams grams Meter Temp. "2'( 


Leak Test Vacuum f b 1\ I Z It #1 ~ - 5l(Q, ~ = 9(P·3 Stack Temp. r'tCO 

Pilots, Leak Check V V #2 ?5.D - tUI/3.'-/ = 31.(.. .1H@ /.j1i l 

Gas Sampling System ./ #3 583.8 - S1-(i" Y = 7,L{ y I.DD;,2 

Integrated Bag #4 - = Cp D..?N· ,~, .r'i'i '1

(~ " ­(§ - = Nozzle ~iameter ..\ '-~" :;dnchProbe Wash Ace I Other #5 
-!.....--.~ 

#6 - = 
Alt. TC Cal. TCTemp. bl.- SG 47'2... 7 - ~5:; , 2.= tJ..~ 01 <.U1i 02 ~ 03 QJ.1..<.J 

Thennometer lD£r;cJ'1Therm Temp. bl.- Total Volume = 15L/:.g , K Factoru f.' , A 1_<-" Z'If.pf) 


Dry Gas Pitot Orifice Selling Gas Meter Pump Filter Imp. 

Elapsed Meter Reading .1H Temp Vac. Box Exit Stack 
Sample Time Reading .1P "H2O Oeg.F Gauge Temp. Temp. Temp. O2 


Point min cu. ft. "H2O Ideal Actual In Out "Hg Oeg. F Oeg. F Oeg. F % 


1.& L/ 0 I?A. 1/7-" Vi £1"') t, 1:>i I(/tli " 'f l~~ i t.}f'f 6D i'llf/)
f 7.. , ~.. "11_ ?,S- 1000'1 2. .1."2- 7.. .7.:7 -, 7 7~- j Z<\ 7. bC> J'{Z-7 
L- It.- ~~,</~ II .on"'! 17.., z.-z. 2.U. 71 7,5 / tSz- ho W7'1 
, 2." , ~ H-J ,5'~ 16,'0610 \. '-\' 5 i.~ W) 1'1 <f17 I 11_'h'n (..1) 111J 1,f"J

r& 'l ;,0 "'l. t.. I Ill . nol_ 0 ' 'f'1 lit 4f'1 8;-) '7Q I Vf5' <::;f1 iLtC:; I 
"\ 31.S d -D{)7 11.71..- I .- &0 1 <f I '1...,. ..J <;, 'i.f3g -- ' • ''''­- '1,4 SA' 9 ''2.- D.(l"" 7 1,.11., 17L 81 1'1 J 7 'II., 57 13t.<1 
/ <';7 .< '!'L .~· <I- 115.. 0 If) 2..'f(~ 7. .L/ t_ .;..~ 1C:; J ,-, 1/ r:; 5'7 /1...3R 

(" '/ At) '.9. C 3t fJ ., uot, /,'t8 I. 1./-; , ~.4- 7'1 I '2..-:;;;...... ?'7 I~ ., (h.5' 7';:; CO o d:'}8 I.:; -I ,'ll ~(. R 2'.- I zr.,; "7 sCf' 13 75 
7'::- /1 , ~?7 () <::.0~ 1.72._ (.lL Zb 9-- , %0 S"") t:.; t'i 

/ 9i2b ' ';:;'N C1! .) .']')~ Ii liB /,lIB 9.A 'iN j zSCJ '5'7 1/371) 
In « 70 '-1 7 1..f") L () .on!:> '; 74 (J·7Q- 19n f5 ,-:,- I US' 2- 53 1382 

-,• '17,5'" -99.02 D C) Lx:K i.?.-A 1. 1..' t1, 9/3 I 1-Al 56 i '-V;O 

'- /D ,~- I,.., -.., <. T 'Z.- Q /,0.3 1(')74 (J "'I~ q7 qn i -..f,'L :if-, j L/I.) j


~. 

) I (7. .;" I,,.., {, ?/; 0 .00 ? t... 7...7_ ,'. .,:2: 1'1 '7D I 2..d,f") 5t~ 13~ 

bl J'J /z.o /12 B-;)'t 


c 'l ;;-: ;. ''==:; :1' ;.;: ~, .::: i",·'~: t/: I . i ,_ • ':) .- , t •l ' - '. ' ,T, 0, Yo 

ID4\ck\c:\\aaakI\JemplalelJorms\msrdsJimp xIs; 063003} 



325 
TRAVERSE SAMPLING DATA SHE T 

Lab Number t{_t;'O E Page 1 of __ 
I 

Client · ·~IJ.,(!/lMdl'~ 1 ",$ fbfp('c .... · ,~ Stack Schematic Completed / Start TIme Of3~l hours 
Location 1/C C/Mf.) , ~f.) t·, \ Sampte Tr~n !.'].fo 96'leled V Stop Time t. c> L/2-- hours 

Sample Site .,61 f:. ~.ab7I7/.lJL Pitot # / / .5 - ro Side ~ Barometric Press. Zz ??:' "Hg 

{ct1.'!1.iv 5fv-(,- .2-[-;J <:.}<.. Thermocouple # / 95~ be Static Press. -c.'. 0.1 "H2O 
Stack ~iameter !/ £3 J / Meter Box 10 Ai(.a. Produclion Rate 

Date 7/2-cJlo7 Pressure Meas. Oevice 

Operators "ei,p-/ Kff'l.- Mag. 1 Man.@. 1.0. ~~ Cyclonic Flow Check 

Run# 2...- Melhod 2c>A Filter # Imp. Set (1--Z (Attach sheet if applicable) 

EQUIPMENT CHECKS Final Inilial Net SAMPLING PARAMETERS 

I Initial Final I W!. W!. W!. % Moisture '6 "II:;, 
Leak Rale cfm 0 . 001 D- t:>(>-j Imp grams grams grams Meier Temp. f:.ze, 
Leak Test Vacuum I hOi It. 'I #1 ~7Z.1 -.~J-i.lf = Q7,( Stack Temp. 

Pitols. Leak Check \/ V #2 /~'60 -, 2 = 39,(0 6H@ I. "1 '-1/ 
Gas Sampling System V #3 S1lp, '1 - £-12, '-/ = ~,O y 1.(\03 
Integraled Bag #4 - = Cp O.'8 l r 
Probe Wash Ace 1 (@SS/ Other #5 - = Nozzle ~iameter o. 9 7Vinch 

#6 - = 
AI!. TC Cal. TCTemp. SG gn,~ - iYlQ,Cj = n .O 01 0.7N ~2 Ci 71[03 0 ?7} 

, Thermomeler 10 Therm Temp. Total Volume = i~ 1. i , K Faclor Vj?, v7'l~'l. 5T~. 

I Dry Gas Pilot Orifice Selting Gas Meier Pump Filter Imp. 

Elapsed Meier Reading 6H Temp Vac. Box Exil Slack 

Sample Time Reading 6P "H2O Oeg. F Gauge Temp. Temp. Temp. O2 

I Point min cu. ft. "H2O Ideal Actual In Oul "Hg Oeg. F Oeg. F Oeg. F % 

I/l 'I c) lis ;:..13 (j ,00'1 f.~O LBo b5 (.,~ i Z. --t <- 5"0 17."10 
-r 7, ~ .. i I 2'- "I '6 {J,DbS (. 't"2... '.'tz... 70 bf;' I Z-S7 5'n 1"2.. "'" Cl 

..... /5' 12..~J II O.oiO 12. .~4 17 .~'-t ,\ (" 'P, i I-;u,;,/) 5,~ i3"J'3. , 
I 7. z... ~- J.cob 1."]0 i.70 11 fS,R j Z6c, 50 rzJi!L. 

/I </ 30 13".53 (),r-nR 2:Z ... , t.~,1 7"1 1::,9 I [z("--z-- 51 l/he; 
'5 3 'l."~ l/'it.-. a+ 0.001 11,98 f.~ 7s 71 I ?.-k, ,;, ..,/ I z,c' ( 
'!- 'is:- i L(5, ~'3 (}nn7 /, 't~ (.Q8 71 77.. I 7.< I S"L 1/1.1 
I 5'1..S I "5'"1, (lIt) J IJO (., /·71) i"O 73 73 I Z. <jc "5L- 1307 

Ie '-j 6(, 1(,01-7 tJ . () dJ 1..(Jl'/- 2.M ~?) J.<- ) '2..-60 '5 ~/ i 7-lJ:' 
" (,/,5' 1(,. ' ] . 0'1 I/tnnC, I, /f) /·70 0i 7£0 I 2(,1 5~ I z..c;.' e 

L ' 'L.. H- \71./, (}i 0,,,",-; (.?B 1.'1?' ~1_ 7b I ']k 'v 5.3 13ft 
I I Ef::: .5- /7797 .:)- (JOI ~,<;'$ - zSS' ?J7 ~Z7 I 'U/' S-S- IS&'? 
'i) 'f Cju ,.. &.:.--.. &..::::> '0_, . ,r': {. 7" l·7D Bz.. 7'G i _Uo ~('-

.:;,~ //82 

I .", '17.> iq I . (~S 0.0(') c';" 1;.7D /. 7t..) B:<; 78 i 2.hD erS- ;l/'ll , 
1 'L. I (J~- 1C{7.1'-/ 1'1. Ln'.;'" 1/.42- Ii, L{'Z- B<t Br"J i 17/.''', r;< /~II/~-

I IlLS' "'-CiZ- -D S O.OiD 2.. /(>'(1 L.?il Rst &:::. ; 2("1 5'(;' ;2-2-3 
I,,,,,/) IU. I·u..?fl. 071/, 

I 
L 

'1 

I 

I 

I 
'15.<; .:>2 ;; D :l1.r. ':' '::- ( • J I ,. /:. ;' : . I ' 

I04\c.k\c'\\auklUemolilleUorm3\mSfdJ 7imp xis; 0630031 



\2f 
.I './ u ~O TRAVERSE SAMPLING DATA SHEET 

Lab Number -, ') \ V Page 1 of __ 

Client ~&IVlRdetl @ fr.~1'71J L. f Stack Schematic Compleled 

Location If. ce'lI} 4 I (J./J 
7 Star! Time '1 ? 3 hours ....ul _~,')"",,-__ _ 

Sample Site til 'ya/U1Xl " I /J L_ 

e,.,,)!) S/./v,k"a. pJ i Ir--I-
Stack Diameter ,-113...1",,3,--'_' _____ _ 
Date 'I b~) / 0 '1 
Operators' (0"-£»1._ J }t:.::f p!.-
Run # -::, Method 7 (0 A-

EQUIPMENT CHECKS 

1 Initial Final 1 

Leak Rate cfm n .11( v(~I /?~nA 

Leak Test Vacuum ) S- II / ..,...-,' 

Pitots. Leak Check 

Gas Sampling System 

Integrated Bag 

Probe Wash 

Alt TC Cal. 

Thennometer ID 

V 
I) 

Ace I 69J I 
TCTemp. 

ThermTemp. 

v 

Other 

Sample Train Info Completed _V,,-_ 
Pitot # /75-;(;8 Side IJ 
Thermocouple # 17 ~.-::.. (Q.!3 
Meter Box ID ....:!:-~:!::. -'(21;:;''--___ _ 

Pressure Meas. Device 

Mag. I Man.@ J.D. ':pt Y 
Filter # Imp. Set G- 3 

Final Initial 
WI. WI. 

Imp grams grams 

Net 

WI. 
grams 

#1 ~e9~ . ·tfl. ~ =--
#2 !? ' I • c..38. C\ = __ _ 

#3 SO?'? . I.{q 5. <e= __ 
#4 - = ---#5 ___ . ____ - __ _ 

Stop TIme /35/ hours " 

Barometric Press. ) ,;: t,;;../ "Hg 

Static Press. -0. D/ 
Production Rate. _____ _ 

Cyclonic Flow Check I 
(Attach sheet if applicable) 

SAMPLING PARAMETERS 

% Moisture (3 r~ 
Meter Temp~._'B~~~·...:l;;'--___ _ 

Stack Temp . ...L! .... ~.=:;::;O~ ___ _ 

t.H@ / 7'// ' . 
y / 0 63 
Cp O.er 
Nozzle Di"meterO. 9ZY inch 

00 ~~~.~~~~= ____ _ 
SG 953 Co . q2~ , D= D1t12zfD20?73'D3d 77'/ 

Total Volume = 13·1 .r K Faclor '25'-1. $'':; ;; 

Dry Gas Pitot Orifice Setting Gas Meter Pump Filter Imp. 

Elapsed Meter Reading AH Temp Vac. BOl( Exit Slack 
Sample TIme Reading t.P "H20 oeg. F Gauge Temp. Temp. Temp. O2 

Point min cu. ft. "H20 Ideal Actual In Out "Hg Deg. F oeg. F oeg.F % 

T 7J.J..~ >.0 'f~r-I 
I 24£./ ?h IS'o'O 
I ! -z;::; a 50 1't4LJ 

I -.,."-~ . .2..S- b.OD7 1<78 I. 7A dS" BZ-- / U3 5'<::> 13M 
I U.'I Si i'7~C 
i ''In., ~I ,"sf{" 
T 7.:i,"l, Sf l'If)'?, 
r UG. 'S I /~?&-

1 £..6 " <>1 13-r~ 

/ UI Sf /<:0 ' 
i '2~1 5·-z..... 11 J.// . 
) U-z...- Sz.... j33" 
} LG.' ~2- I~n-;; 

I .;...{,() ~~ ,32...<. l-
t 'l..t,/~ 5'1/ / s'l< 
I -'/ I "YI I'll!) 

6~.;;)o5'. (, ) 
J AP.vg 2 

I.?ll. 
AH."" 

! LJ' I, I 
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I 
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SAMPLE TRAIN INFORMATION AIR QUALlTV, LLC 

Fill oul one sheel per sile and per melhod, 

CLIENT: 

LOCATION: 

SITE: 

TEST TEAM: ~i='. 2j)~, ~J'~. TVe-, DATE: 

RUN#'s: 1- '$ METHOD: 26A (HX only) 

Probe/Filter Temperature: V 248±25 of 320 of other --
Impinger Temperature: <68 of ,;45 of other 

Nozzle Type: /quartz steel Probe Type: ,/ regular water-cooled -- --
Probe Liner: ~quartz glass steel Teflon"' --
Front-Half Filter: /yes no 90 /110 --

Filter Media: v-:= quartz fiber 

Size (mm): 

glass fiber Teflon"' other --
Support: steel glass frit Teflon"' Gasket: silicone -- -- --

Back-Half Filter: __ yes ,/'" no Tared: yes __ no 

Filter Media: quartz fiber glass fiber Teflon"' 

Note: Show the back-half filter localion with an arrow on the table below. 

Purge Required: __ yes v-:= no Comments: 

Blanks/Spikes Required: ~ reagent blanks field blank -- --___ spike 

Initial ' 

125 

other 

Cleanup Solution 
Contents Volume 

Used 
Bottle Type Comments 

.. (mL) 

Nozzle/Probe Rinse 

Filter 

#1 0.1 N H2SO. 100 DI H2O 

#2 0.1 N H2SO. 100 

#3 MT --

#4 SG --
#5 

#6 

#7 

If this information is not accurate for all runs, note all exceptions. 

d3\c:lMy Documents\lab Forms\data sheets\samp!ettn M26A no CI2 
10/2/2003 

1LNM 

other 

Teflon" 
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AMr::.ST 
AIR QUALITY, LLC 

COMPENDIUM METHOD TO-14 
CANISTER SAMPLING FIELD DATA SHEET 

CLIENT: ..L(uA""g ..... A-.J,!rJil:e-'-"<..L..frw.,.<el'-'-____________ _ 

LOCATION: 14c,.,." A LAndt. II 
:111 J SAMPLE LOCATION: recenn,'AL (gthhu;+-c.-

SAMPLE DATE: __ 7-,-,-1,---, q!.Lh"-O...:.,.7 ____________ _ 

OPERATOR(s): _1i"--".:W.....::0-:L-_____________ _ 

CANISTER IDENTIFICATION NO.: 

RUN NUMBER: _~~-~! __ _ BAROMETRIC PRESSURE (" Hg): 20, 10 
SAMPLING INFORMATION: 

SAMPLING TIMES 
LOCAL CANISTER FLOW CONTROLLER 
TIME flOW RATE READOUT 

("lID 

1730 
Sample length 120 minutes) ( 

SUMMA CANISTER CERTIFICATION DATE: _____ r'-'-I""3 .... t.=O_7'--____ _ 

TYPE OF SAMPLE LINE (circle one): none. ~tainless steel. other _____ _ 

KNOCKOUT IMPINGERS (circle one): 

CONDENSATE PRESENT (circle one): 

VOAVIAL(sL 

yes.iiP 

yes.§> 

----mls 

SIZE OF SUMMA CANISTER (circle one): 3 L.i!)other __ _ 

SAMPLING COMMENTS. NOTES: 20 "",:"" 2Av;.e 
I 

Sketch or Sampling System 



AIR QUALITY. LLC 

COMPENDIUM METHOD TO-14 
CANISTER SAMPLING FIELD DATA SHEET 

CLIENT: 

LOCAnON: 

SAMPLE DATE: 7/?0'(O 7 

OPERATOR(s): 

CANISTER IDENTIFICATION NO.: oooHt 
RUN NUMBER: P,,-1 BAROMETRIC PRESSURE (" Hg): _=:1-"..9-->, G:....c!..,.J __ _ 

SAMPLING INFORMATION: 

PRESSURE 

SAMPLING TIMES 
LOCAL CANISTER FLOW CONTROLLER 
TIME FLOW RATE READOUT 
c)'6)\ 
\Qil 

Sample length 1'l.P ( minutes) 

SUMMA CANISTER CERTIFICATION DATE: _-----'7'--'(~;,-'-/....;Q=-7L_ _____ _ 

TYPE OF SAMPLE LINE (circle one): 

KNOCKOUT IMPINGERS (circle one): 

CONDENSATE PRESENT (circle one): 

VOA VIAL(s):.. 

SIZE OF SUMMA CANISTER (circle one): 

none~lainless sleel, olher ___ _ 

yes,@) 

yes,(§) 

----mls 

3 L,~ther __ _ 

Sketch of SampUng System 

....... ~:g -

SAMPLING COMMENTS, NOTES: _ ________ _ 



AIR QUALITY, LLC 

COMPENDIUM METHOD TO-14 
CANISTER SAMPLING FIELD DATA SHEET 

CLIENT: 

LOCATION: T 0\(0,,"" Le. ... l1 ~j'l 
SAMPLE LOCATION: 1P '2 Prr~Mt1;"l (oMb"dor 1 ... \,t 
SAMPLE DATE: 1120/07 

--~~~--------------------------

OPERATOR(s): Twc,. 
CANISTER IDENTIFICATION NO.: 000 15 '26 

RUN NUMBER: .,...3.;-A'--'-::---_ 
C "'" }sft-i' '3 

BAROMETRIC PRESSURE (n Hg): 1. 9· (, 5 
SAMPLING INFORMATION: 

TEMPERATURE PRESSURE 

SAMPLING TIMES 
, LOCAL CANISTER FLOW CONTROLLER 

TIME FLOW RATE READOUT 
WH, 
13 ~" Is ,', 

S~1e length 110 ( mlnUI.es) 

SUMMA CANISTER CERTIFICATION DATE: _-,' ... (...:'1.,,-,O~/-,-O_7,-_____ _ 

TYPE OF SAMPLE LINE (circle one): 

KNOCKOUT IMPINGERS (circle one): 

CONDENSATE PRESENT (circle one): 

VOA VIAl(s):_ 

SIZE OF SUMMA CANISTER (circle one): 

none,~stainIeSS steel. other ___ _ 

yes.€l 

yes.a. 

----

Sketch of Sa"1J1ing System 

mls 

SAMPLING COMMENTS, NOTES: _________ _ 
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AIR QUALITY. LLC 

COMPENDIUM METHOD TO-14 
CANISTER SAMPLING FIELD DATA SHEET 

CLIENT: 

LOCAnON: 

SAMPLE LOCATION: 

SAMPLE DATE: 7ho/07 

OPERATOR(s): 

CANISTER IDENnFICATION NO.: 00039' 

RUN NUMBER: BAROMETRIC PRESSURE (" Hg): _'2.:.-.9<...: ..... 6'"'5 __ _ 
(""~~JU" 4-

SAMPLING INFORMAnON: 

SAMPLING TIMES 
LOCAL CANISTER flOW CONTROLLER 
TIME FLOW RATE READOUT 
II ,_~ 
1 )'1 ~ 

Sample I<>ng\h 110 ( minutes) 

SUMMA CANISTER CERTIFICATION DATE: _--,b-'J.!~'l..c.O_/_O_J ___ __ _ 

TYPE OF SAMPLE LINE (circle one): 

KNOCKOUT IMPINGERS (circle one): 

CONDENSATE PRESENT (circle one): 

VOAVIAL(sL 

SIZE OF SUMMA CANISTER (circle one): 

none.~tainless steel. olher ___ _ 

yes.@) 

yes·e 

____ mls 

3 L®Other __ _ 

Skelch of Sampling System 

SAMPLING COMMENTS. NOTES: _________ _ 
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METHOD 0031 SAMPLING DATA SHEET 

Client: 

Date: 
~ /lJi /'IU/ ItL IX @ 

7/ ""/ -, ! 7" () I r . 

Meter Box: 
. ~(:) 

Barometric Press. ("Hg): L (. 7 () 
Y Factor: 

Test Run # ) I<J 
--~~-------------- Approx. Sampling Rate: _ '5 L f'VV1 L r,\,. N 0 .4 n , 

Tenax Tube #1 1.0.: e -\ 'A l 
Tenax Tube #2 1.0.: (2.-1 A-z. 

Anasorb Tube #3 !.D.: )2.- \ r. 3 

Clock Run Gas Meter 

Time Time Volume (cf) 

:'S(O .JSI 73K 7/L-
fV " 

Lo 738 '77 h 
.,;,;; 73P, 06 '''L-

?'lJJ\j ?.i?>. ) >;3, ?CI,s-
z<::: ,Sf? '7tt.. 
~v 739,093 

3~ 73'2li/ 
J6rfJ . LtD ?S9. 3t.) () 

Test Run # -,-/~8..L-____________ _ 

Tenax Tube #1 !.D.: R -I g \ 
Tenax Tube #2 !.D.: (2.-1 132 

Anasorb Tube #3 !.D.: (L-( tB 

Clock Run Gas Meter 

Time Time Volume (cl) 

/"62...0 0 7s?.30<.j 
<" 

-> 
/6 77? 16 S 

/ .::..-- 7}g,,'62 

ZO -: '31. t2. S 
- 7'~' F4-~- \ ) .. '. 

"3, .... 7 !> 0 4'6 ~1 
.,.~ ,..> 739.5!-(, 

n tJ ('l ","0 739.601 

() . ':'. 'J:' 

Pre-test Leak Check if 
Pre-test Leak Check ---'1/'-----

Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet 
Temp (OF) Temp (OF) ( in. Hg) Temp (OF) 

7~ 73. S- S1/ 
-)<,- 7,5- S 'II 
it,. /5 5 '/1 
78 75 5" '10 
'rcA 91z..- 5 'II) 
Bs- B"z' 5 </1) 

85 82- '3 '/0 
8..<:- PJc 4- 41 
'SSo - (:>50 nvSF 

+9 ::0 

Approx. Sampling Rate: 0.5 liter/min L · 'b L.';' " . 

Pre-test Leak Check t/ A",I.,; ,,J. 
Pre-test Leak Check iJ 

MeIer Inlet Meter Outlet Pump Vacuum Sorbent Inlet 

Temp (OF) Temp (OF) ( in. Hg) Temp (OF) 

~'7 13)1 ..:- YO 

90 I,?C 1.. I 4-l) 

~ I 'd'l '2.7 40 
J+ 9() 'L ij tD 
rS n " 7 ) . ,\-t) 

hi n 7,1 1- 0 

H ') :; C.9 to 
-I I , i -' 

il neLl­

,D7 (-/­
!{L/Z-u( ...... 
I.{ ~ (. c./.--
50l CJ-f~ 

~'17 eLf..­
"11'5' c..{<"­
'51Z-cd ..... 

'-\ ~\;}... 

G? "'F 

5o).L(cf, 
t6'1 ,cf ... ;i,\ 
+)-ii. \ ('I""~' 
4: I b.7 ,c fr.;",\ 
~IO.) r:1~/ .... ·. t 
, 1-'T • () "'1.,:1 
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METHOD 0031 SAMPLING DATA SHEET 

Meter Box: 

Y Factor: 

Test Run # 1 c ---------------------
Tenax Tube #1 1.0.: R.-( C I 

-7--'-:::--'.-----
Tenax Tube #21.0.: ~-l L '--

Anasorb Tube #3 1.0.: =~j(:-~l=L=>~===== 
Clock Run Gas Meter 

Time Time Volume (c~ 

i719 0 739.t;07 
I' 
~ 7'~7,bG2 
Ie; ('H. 117 
IS 7'3'.74t 
1.0 i31,'X9S 
'25 .-
~o n1.nt 
35 ~ 

; /'11 4-0 7'1D.D(,~ .' 

Test Run # 

Tenax Tube #1 1.0.: -----------
Tenax Tube #2 1.0.: -----------

Anasorb Tube #31.0.: -----------

Clock Run Gas Meter 
Time Time Volume (c~ 

Barometric Press. ("Hg): 2 J, 70 

Approx. Sampling Rate: O. S i i\ "1.~,;" 

Pre·test Leak Check J 
Pre·test Leak Check --7-

----'~---

Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet 
T\lmp (OF) Temp (OF) (in. Hg) Temp (OF) 

HJ"3 I Q I ,.. .. ..., 
, • l.- 40 

101 I 0 I ;,. G +9 
,Or. 10 , }.+ to 
, (l~' 102 4,Z. tj-O 
10(, 10, ·L4 4-Q 
/ ·")5 J 0 z.. in 40 
\ 0 Cj 10'1 'J.J Hl 
10 !:> IDL ., . 't ,-\0 

, 

r'.'" \ ~~ . \ '. 

Approx. Sampling Rate: 0.5 literfmin 

Pre-test Leak Check ---------
Pre-test Leak Check ---------

Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet 
Temp (OF) Temp (OF) ( in. Hg) Temp (OF) 

b'Z9,1 {(I", 
+76 -4 (q"':1 
t'!'.~ ((ii.' 
+51-:1. «/"':~ 
'r~ 1. 7 (( if"'.:r 
~ 
4; SO.-,\- C( ( "" " 

'lt6-.<;- c:c.!w_ 



METHOD 0031 SAMPLING DATA SHEET 

Client: Po TZ-Q N.-0J2,..\ L Q 1~(=.DfIl 4_L.,£ 
Date:] /2.p! D -1 

Meter Box: J:l.1.7] Barometric Press. ("Hg) : 2<1, b")----
Y Factor: 

Test Run # __ 'V_ .uA _____ _ 

Tenax Tube #1 1.0.: e 2 ~ l 
Tenax Tube #21.0.: 'i27 A L. 

AnasorbTube#3I.D.: 12?. A3 

Approx. Sampling Rate: 

Pre-test Leak Check V 4",b;·~...:t- 2-of 

Pre-test Leak Check_--'.'1 __ _ 

Clock Run Gas Meter Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet ·Bub\,lr.~ ' I, 
Time Time Volume (cl) 

063/ 0 73'1,1U, 
-s 71.tC. " ss-
ID '4C. I ~~ 

- i<;- =ztlt>.2-33 
.,..0 ,40. ' ~'Z.L 

1-S ll/l>.'Hf 
~o '7 '-I O'5CJ-' 
~' 140'E7IS~ 

09 II 'to 7 "/0. t.. 7'i 

Test Run # ~ C) 
-~~--------

Tenax Tube #1 1.0.: R2- ~ I 
--'<~"""-=--­

Tenax Tube #2 1.0.: _Q~L.~~~-z.,--_ 
Anasorb Tube #3 I.D. : 12;2.. \33 

---"'=-""-~o=--_ 

Clock Run Gas Meter 
Time Time Volume (cl) 

,,~ ZCp 0 'ZYO. 'b Il 
5" ={' :', iq If 
ID 140.'171 
is '741,1XIo~ 

2-D 11.{ !.15-, 
z-b 74(.Z.)7 
3i> 7'-11. 3Z:z.. 
3-S 7~'Ao7 

{DDL 'to 1~ I. I./qL, 0 

Temp (OF) Temp (OF) (in. Hg) Temp (OF) 
, 
, 

'jl 70 3 ij/ 'I'it,:, u(,.., 
'7 1 I I 3 'II '/'lS-:O .. . 

"3 'II 
, 

/<- II 'I<J!.:: I " , 
+{,-- '7-Q..li.t .!:C-,-{, it" 'fe? L ", 'v 

" 

7(, '77" "3 +, 4i'6.() I 
, 

7'6 7+ 1 +, H&. b 
i 

Ii , 71- "3 4-1 +n.O 
- '0 

\S2.. "> 41 4 7t; • 0 
- I 

77 1 
I 

-. ( f ::' .' 
-: '. 1 . .. 

Approx. Sampling Rate: 0.5 liter/min 

Pre-test Leak Check j ---:;---
Pre-test Leak Check ,./ _".....0'--__ 

Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet 
i'" "~i( i'! ~{r I 

Temp (OF) Temp (OF) ( in. Hg) Temp (OF) (h/ ...... " , 

~7 6~ "S 'I 4-70.1. 
1,7 '6t ~,C; t\ ~.4-} . 

Ii'i( H .., 5 ,t I -- +,1. '\ ). 

'6~ '6(,; , r-
,f-I o t1Q . ! ). '7 

91 'is~ t . 0 '1-1 =]-'l9_,~ 
n. ~'iS '1-.0 .1-\ 'jCr;. 7" 
H ZY. 4·5 +1 -= 1711·3 
H .,.. t.5 +1 _:-)7Z . D 

~ :: , ; , 
". - ~ 

.~. 



I 
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METHOD 0031 SAMPLING DATA SHEET 

Client: fQ/Ul M..vtrZ-i i ~ ~(liMD L.4 
Date: '1bo /0'] , 
Meter Box: :#-' -z-.1 Barometric Press. ("Hg): 1. q . r;,~ 
Y Factor: 

Test Run # '2 C---' -=----------
Tenax Tube #1 I.D.: K 2 G I 
Tenax Tube #2 !.D.: rz. -z. CZ­

Anasorb Tube #3 I.D.: fZ. 2. c 3 

Approx. Sampling Rate: 05 L£M L;.~ tJr. Ljq i-> 

Pre-test Leak Cheek'/ f-\",b .J k.L 0 F 
Pre-test Leak Check ./ 

-~---

Clock Run Gas Meter Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet B..\Ht. f'tJ. 
Time Time Volume (cf) Temp (oF) Temp (oF) (in. Hg) Temp (oF) .f:.</.u~ ) 
IOa~ iJ 1~l.'-127 % , I 1.<; +1 2Jf,·~ 

r-.-v 1 '-fl. 52.0 qL/ qL -z. .)- </1 ~L7rJ.3 

10 7'-il.Cdl... q-~ 'iL 7....5 '11 ~8~. 5 
15--- 741:7 0 ') 97 9' 3 '-11 OJ 73, z-. 

'l.v 7~(.7!l7 97 q.~ '5 'II "i,':>. t::L 
'~5" 741. U'1 C(e '12- 5' .:/ / :519/~ 

g,D 14(.9'32.. 76 '1'4 /? fJ '5"17. 'f 
~ - 7 t('Z.o7~ I D I f:s 'S '11 :i,0. ~ ::>.> 

j /03 '-fa 7'-f2. tlJ7 • ) ! i 
1.0 

Test Run # 
Approx. Sampling Rate: 0.5 liter/min 

Tenax Tube #1 !.D.: ---------
Tenax Tube #2 I.D.: Pre-test Leak Check ---------- -----

Anasorb Tube #3 I.D.: Pre-test Leak Check 
---------- --------

Clock Run Gas Meter Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlel 
Time Time Volume (ef) Temp (oF) Temp (oF) ( in. Hg) Temp (oF) 



METHOD 0031 SAMPLING DATA SHEET 

Client: 

Dale: 
'L ·'7-e tw?.ln..) X ~ :n '.0""" () _.L:L 
7b.o /<>, 

f} MeIer Box: 

Y Faclor: 

Tesl Run # _ .... 32.J..4L---_____ _ 

Tenax Tube #1 I.D.: ..J.:'Rc...3L-~A~I-­
Tenax Tube Ifl. I.D.: _K~3---'A"""'Z~­

Anasorb Tube #3 I.D.: -1'K=-.:3~:...:A~3~_ 

29.&) 

Approx. Sampling Rate: 0,5' L PM L,,1a fJo. "\ S' \ T_ 

Pre-tesl Leak Check---!./'-I--' __ _ 

Pre-lest Leak Check---.:iL-__ _ 

J 
Clock Run Gas MeIer Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet E",l7bf;:, I1vr. 
Time Time Volume (cf) Temp (oF) Temp (oF) ( in. Hg) Temp (oF) C"-/,.., '..,. 

.-, 
Test Run # _----=~:::..., .l!.f3,~ ____ _ 

Tenax Tube #1 1.0.: i!3 B I 
Tenax Tube #2 I.D.: K3 i3-z.. 

Anasorb Tube #3 I.D.: 1Z3, i3} 

Clock Run Gas Meter 
Time Time Volume (ef) 

11.'>"2. .,) 742,gB 
,-- 7 II). Ij'vo .~ 

/0 l~3.o'f7 
is- ·14J.I~ 

7-0 71.11.?zi 
-zs- 7iJ~. 30'/ 

3(.) 143. 3~/" 
55- 7i1llfn 

I') 11- ~D -H3. "(,,'1 ' 
"J { ", / " ,- <!) 

Approx. Sampling Rate: 0.5 liler/min 

Pre-test Leak Check_~';-,-__ 

Pre-test Leak Check \I -----
Meter Inlet Meter Outlet Pump Vacuum 
Temp (oF) Temp (oF) ( In. Hg) 

R H- ') 

% , I 4.s 
Tf n.. C;.t; 

n 91 C~ 
?5 n. \. .S 
~(, ,I 7-S 
9b ,2. 7·5 
97 ~ , 7,5 

; 

< -"-

b,t:., lJo, _4<;'\b 

A"''o;tk ~r 

Sorbent Inlet B.; f,~ i~ f.f.!;IOi 
Temp (oF) CG-/M/""I. 

'1-/ t'b .4-

I 4-'H A- I 
J -1- ,,5').") 1 

t1. +7Q. ~ .. ,2. 4'~,'1 I 

4'2.. ~~,I _- • 

+'1- 4n.<\- • 
-tl. -47>.cI: I 
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I 
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I 
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METHOD 0031 SAMPLING DATA SHEET 

Client: Pllli'''' "'~ \ V';x, ",t !IACCI..,'" J"",ktjll 
Date: 7 /L 0 ! 0 7 

Meter Box: 

Y Factor: 

27 Barometric Press. ("Hg) : '2}. GS 
________ ~~_'3~k~lh~~~,~1~~ --~----

Test Run # 
O, C i,\,,/. \ . -, 0 

Approx. Sampling Rate: _~,-----) __ -'.I M'" ).....,,~. ~o. '-i "\ \ 
Te nax Tube #1 1.D.: -,:R!---..... 3 --=(..=-,--I ___ 

Tenax Tube #2 1.0.: -",R-~'3~C,,-,Z~ __ 
Anasorb Tube #3 1.D.: ~{2.",---=-3:...:C::".3"---__ 

Clock Run Gas Meter 

Time Time Volume (cf) 

l,,2S I) · /(j3.57<{ 

" 7Q3.(,(,D 
\0 7Lf~7ljl" 
!'i 7(f?H2.. 

"LO Ill".qIZ 
'lS "( L/<f. !X'1f 
:'0 74l{.ot10 
)~ '1'14. /71,-

1'-10<'- to 74(J·l.f.i2" 

Test Run # _________ _ 

Tenax Tube #1 1.0.: ------
Tenax Tube #21.0.: ------

Anasorb Tube #3 1.0.: _____ _ 

Clock Run Gas Meter 

Time Time Volume (cf) 

.-

Pre-test Leak Check J 
Pre-lest Leak Check--,-/:7----

--'------

Meter Inlet Meter Outlet Pump Vacuum 
Temp (oF) Temp (oF) (in. Hg) 

75 14- 4.'J 
% ~2.. • 
~5 n r 
'17 'J) ,~ 

1b n b 
15' j2- 1·e; 
n 9+ .., 
~~ J3 7,; 

! 

• 

Approx. Sampling Rate: 0.5 liter/min 

Pre-test Leak Check --------
Pre-test Leak Check -----

Soment Inlet 
Temp (oF) 

12. 
~2 
t2. 
12.. 
t> 
n 
1'3 
13 

Meter Inlet Meter Outlet Pump Vacuum Sorbent Inlet 

Temp (oF) Temp (oF) ( in . Hg) Temp.(OF) 

{ r B~~\'\, 1"<' 
(eel ,,; I'\. ~ 

5QZ. t 
)'Qrb • I 

50.1. I 
,t'~ . ') 
+~ . ., 
J. 72.~ 
'+77. '~ 
>41('1.2.. 
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SAMPLE TRAIN INFORMATION A:R QUALITY . lLC 

CLIENT: 

LOCATION: 

SITE: 

Fill out one sheet per site and per test type. 

. , I 
/1 , ." {~ ( ' . fr 

.;' , . ;/ 
1', ; . , 

TESTTEAM: t' r i - il1 /r,. ,.fI jI'. f : I i._ oATE(S) -! / VI- ';l) () i ' '/ 

, 

I ). /_ I I I 

RUN #'S: I .. ' J (/1 . P" r :) TYPE: MOD.:" 
ProbelFilier Temperature: ,. ' 248±25"F 320"F ____ ,Other 

ImpingerTemperature: ___ <66"F ___ Other 

THIMBLE: ___ yes "....- no NOZZLE TYPE: / quartz ___ steel 

PROBE LINER: ___ ,quartz "....- glass ___ steel ____ t,enon 

PROBE TYPE: __ regular _---.:water-COOled 

FRONT-HALF FILTER: yes V ' no SIZE (mm): __ 90 __ 110 __ 125 
FRONT-HALF FILTER MEDIA: __ ---'quartz fiber glass fiber tenon 

SUPPORT: ___ steel __ ----\lglass fnt ___ tenon GASKET: __ silicon __ tenon 

BACK-HALF FILTER: --yes Lno 
BACK-HALF FILTER MEDIA: __ quartz fiber -lIlass fiber __ tel ron __ tared __ untared 
NOTE: Show the back-half filter location with an arrow on the table below. 

Use. 11'" sili, .. - "" o"""""e. ~ ),,'" t; IIA bl" k- neV 2-VJou .... .... Ul.1. 
...... . . , ..... .. .... .' .'<t.,: : 'T' ljliOar .......... 

: ~tl~~ ;;cte:SOlfp .. 5qIt/tipo £lOWe . 
... . CO~.$ . . . JJSetl .. .. YyP/l. ' . . Coiilm:eCjt~ . 

IR-~I.,,,, Q Ua...-t~I"" f 

1:n.~ .. _\.I_ .. V ... I d. 

iGi I.' ~.,.j'''<IV'" 
;~ . - ,/ ,f-" /"'.e. 

(AP, plac£.,iid Zlp/oc:. 
-j). ''') co 

r-r.;.. ... "V- t-o L. " L--

baj' 

Ir _ .. ...J- 'e -r./_~ 3~ Go' I \1PI.U -IX "- il.[; 
<.{O""L ~) ... I ('Oy ,~p cij!J/",c..- baa k ".",., I' nld. 

I,... A .. A" .. ~py 
I ~ 

I A .. " <~..-j.., +;, ho c..fIPla~/J k- ,,,~ .. 
e'f}"'" betjl 

!-.:::;/; .. " (d/ I f),;e. /Jr;,W S(~ ]:,,0/ ea,J., 

IF THIS INFORMATION IS NOT ACCURATE FOR ALL RUNS, NOTE ALL EXCEPTIONS. 

Daalc'excellsampHmxtsl 1127194 
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APPENDlX D 


Supporting Inrormafion 




I- Stack Wall 

Heated Filter 

Heated 
Probe 

System Calibration 
Valve 

!l 
',:1 

~ 0 

aj 
~ 

System Calibration til 

Flow Valve • ~ 

~ 
d 
~ 

"" en 

Heated Sample 
Line 

Hydrocarbon 
Analyzer 

__ - Moisture Removal System 

Oxygen 

. Carbon Dioxide . 
SAMPLE · 

MANIFOLD Ie'= .. . Carbon Monoxide 

sAMPLE MANIFOLD 
Sample Pump (Teflon) 
Zero Span Metering Valves (55) · 
Flow Rotometers (Glass) 

Sulfur Dioxide 

Nitrogen Oxides 

Figure \. EPA Method 3A, 6C, 7E, 10, and 25A Sampling System Schematic· 
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C> 
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.. Heated.Teflon or SS Line 
Vacuum Gauge 

Teflon Line I 

or SS Line Shut-off valve 

Stack Wall --

Figure J . TO-14ASample System Schematic. 

Cannister 
with Shut-off 
Valve 

\J-' 
.J:: 
N 
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Thr •• Way 
GlaaalTe1IOr'l 

Iiolatlon V.lv. 

CI>o=aI 
T ... 

T .... 

Ten •• 

1#4· 0.0. 
Tdon U". 

....·1 
1/4- T.non 

T ..... 
Conchnaaa. 

T ... 

Sampllng Module 

Pump 

........ -.. 

-~ 
~--. 
----w.-.~ 

-em::----w--

~ .. -

............... 
v.cu..n R" __ ~ 

PrClb. Purge MocM 

T ........... --
~~ 

Meter Box 

FIGURE L.J: SW-846 METHOD 0031 VOLATILE ORGANIC COMPOUNDS 
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METHOD 1 - LOCATION OF TRAVERSE POINTS 

Circular Stacks 

Figure 1-3. Example showing a 60· circular s!ack cross-section divided into 12 equal cr22S, with location of 
traverse points indicated. "'I 

Traverse 
Point 

%of 
Diameter 

Location of 
SaJ!lpIe 

----"'-~-- 6 

- -"-"----',--5 

-r".,.---\-+- 4 

-"-",L--I--I-- 3 

---;L.~-/-- 2 

Table 1-2. Location ollraverse poinls in circular slacks (percent 01 stack diameter from inside wall to 
traverse points,. 

Number of Traverse Poin"ts on a 
2 4 6. -g' 10 12 14 16 18 22 24 

~ .. 

'.., . 

Rectangular Stacks 

For a. rfcta.ngu~ 
lar cros&. sectIon, an eQuivalent -dJa.meter 
(D;j' shall be calculated from. the following 
equat.{oD,. t.o determ.1ne the U,pst:ream and 
downstream distances: 

lLW 
D. _---

(L+W) . 

where L_l~ B;Dd W_width. 

T 1 I 
o : 0 I 0 I a 

I I . I --,--,--"1- --
o I J 0 

I 0 I 1.0 

1--- -~ - -1- --1---
I I I 

o I ' tI I 0 " 0 . 

I I i 

Figure 1-4. Example showing rectangular stack 
cross-section divided into 12 equal areas, with a 
traverse point at centro.i? of each area. 
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METHOD 1 - M:J:N""1Mt:J""M ~uMJlER OF TRAVERSE POINTS 
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METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS 

5.1 Nomencla.tut'"e. 

A ""Cros:s·.seetiona.l UCB. oC st.&c.lc. m I (ft 't 
B ... -W&ter vLpOr in the ,u :strea.m (from 

Method 5 or Reference },(cthod (), pro­
t'Ortloo by volume. 

C,_Pitot tube coeICIcient. dimcru;;lonJes.s. 
X, _ Pit.ot tube constant, 

3~ 97 ~ [C%-mOIC)(mm HK)]ln 
. sc, COK)(mm H,O ) 

lor the metric I:y£tcm and 

81i ~g ~ [(Ib/lb-mOle) (in·1.I~l]'" 
' .. , COR)(;n. H,O) 

for the Encl.t..h .}'IItem. 

.M4_l4"oleculuwell'bt. oC lita..c:k £"LS, dry buls 
(a.ee Section 3.1S) f/l'-mo1e C1bflb-rnole). 

~ - WoJecula.r we~h t ot I't&ct p,a, wet 
bulJI, ,If-mole <lb(Ib-mole). 

-M.. 0-8..) +18.0 s.. 
Ell. 2-5 

P~ ... B&rometrlc pres..ure .. t measurement 
.Ite. = He <In. He). 

P.-Sta.Ck .ta.tk pre.sure, m.m HI" (tn, HI). 
P._Abwlute .tAck (lUI prea:ure. tnm H2' <In. 

HC). 
-==P~+P, EQ.2-6 

Ell. 2-<1 
P .... o:::zStandard absolute prl2Sure, 760 mm 

Hg (29.92 In. Hg). 
Q",,=Dry volumetric .tack gu flow rate cor­

rected t.o standard condItion.!. d5cm/hr 
(dsel/hr). 

I.=St.&c1c temJ)erature, 'C ('F). 
T.~Absolute sta.c1c temperature. oK. (OR). 

=273 + t.. for metric. 
Ell. 2-7 

.,,460+t. for EnglIsh. 
Ell. 2-8 

T o<4C1Standard absolute temperature. 293 -K 
(528' R). 

Vr"",Average st.a.c:k. Po' velocity. m/sec (ttl 
~ec). 

6,. ... Velocity head. of stack gu, nun R,O (in. 
H.O). 

3.600_Converslon factor, sec/hr. 
18.0<=>Molecula.r weight of WAter. gIg-mole 

·Ob/lb-lDol.). 
5.2 Averllic Stack Gas Velocity. 

..=K,C,( .,[dp) ••• ..jT., .. " 
P.M. 

Equation 2-9 

5.3 Avenl'e Sta.ck. Gas Dry Volumetric 
Flow R .. t.e. 

Q .. _ l,800CI_B_)M f: T .• )~P.) 
T • ..... 1 Pol4 

EQ.2-10 

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS 

6.1 Nomencla.ture. 
M.t.,Dry molecular weight. gIg-mole Ob/lb· 

mole), 
$EA_Percent excess .. Ir. 
~O._Perc:ent CO. by volume (dry bLSls). 
'LOa_Percent. O. by volume (dry basis). 
%CO.Percent CO by volume (dry basis). 
%N._Percent N. by volume (dry basis). 
a.2S4. .. R .. Uo ot O. to N. In a.lr. v/v. 
O.280=Molecular weight. oC N. or CO. dIvId-

ed by 100. 
O.320_Moiecular weIght 'of 0.' divided by 

100. 
O."'(O-Moleculu we4:'bt of CO. divided by 

100. 

6.2 Percent Excess Air. Calculate the per­
eent excess alr (ll applIcable). by substitut­
Ing the a.ppropriate values of percent 0 •• 
CO, and N. (obtalned from SectIon •. 1.3 or 

. -C.2.«) Into Equation 3-1. 

%0.-0.5';' CO 
x 100 

0.28<'1(. N.<%O.-O.5'1(. CO) 

Ell. 3-1 

NOTE: The CQuation above 8.3Sumea that 
ambient alr is used B..S the source of O. and 
that the fuel does not conta..in appreciable 
&mounts 01 N. Cas do coke oven or blast fur­
nace e-ase:s:). For th~ eases when apprecIa.· 
ble a.mOWlts of N. are present (coal. ou. a.nd 
natural &,U do not contaln apprecia.ble 
aJ'TIounts 01 N.) or when oxygen eru1chment 
1s used. &lLemate methods, subject La ap­
proval ot Lhe Admlnlstra.tor. are required. 

8.3 Dry Moleeular Weli"ht. Use EQUation 
3-2 to calculate the dry molecular weight of 
the sta.clc "u 

M..-O. HO<'I(.CO.) + 0.320('1(.0.) + 
O.280(%N.+%CO) 

EQ. 3-2 



METHOD 4 - STACK GAS MOISTURE CALCULATIONS 


2,3.1 Nomenclature. 
Son =Proportlon of water vapor, by volume. 

In the 8''' atream. 
J4 .._Molecular weight of water, 18.0 gig' 

mole (18.0 lb/lb-mole), 
P.""Absolute pCe&.!ure <Ior thls method, 

same IU barometric pJ:eBSure) at the dry 
gB.$ meLer, mm Hg On. Hr). 

P .. ,,=Standard absolute pressure, 780 mm 
Hg (29.82 In. Hg). 

R_Idea.l gu constant. 0.06236 (mm Hg). 
(m'l/Cg-mole) (~K) for metrJc unIts and 
21.85 (in. HIr) <Ct)/Clb·molcl CRl lor 
Engl1sh units. 

T .. = Absolute temperature Ilt meter. 'K 
(·R). 

T .-=Standa.rd absolute temperature. 293' 
K (528·R). 

V.. <=>Dry &"as volume measured by dry gas 
meter, dcm (dcl). 

.6 V .. o;:r Incremental dry ga.s volume measured 
by dry p.s meter Ilt CB.Ch traverse point, 
dcm (deC). 

V .. toul-Dry ,as volume mCB.Sured by the dry 
gas meter. corrected to standard condi­
tions, dscm (dsc!)' 

v ....""..,_Volume ot wa.ter vapor condensed 
corrected to standard condltlons, scm 
(seC). 

v ......lotdJ-=Volume ot wl.ter vapor collected fn 
silica 1"c1 corrected to standard condi­
tloru, scm (sc!). 

VfOC" Final volume of condenser ""ater, ml. 
V, - InJtJa.1 volwne, l! s.ny. of eondenser 

water, ml. 
W,_Final weight of sUlca gel or silica gel 

plus impinger, g. 
W ,. Initial weight of IiUlca gel or 1i11lca gel 

plus implnl"er, g. 
Y _Dry ps meter callbra.tion factor. 
p ..-Density of water. 0.9982 e/ml (0.002201 

lb/ml). 
2.3.2 Volume Df Water Va.por Condensed. 

- K,(V;- V,) 

K.",,0.OO1333 m'/ml for metric unIts 

...0.0(707 ftl/ml tor English units 


2.3.3 	 Volume o( Water Vapor Collected In 
SllIcll Gel. 

- K,(W,- W,) 

Eo. "'2 
Where: 
K ,.0.001335 m I/g for metric units 

.0.04.715 tt'l.. for En,Ush unIts 
2.3.( Sample Gas Volume. 

V .... 'II V .. Y 0= 

v.p.
K,Y-­

T. 

Eo. 4-3 
Where: 
K ._0.3858 OK/rom Hi" for metric unlts 

EO 17.64 'R/in. Hg for English units 

Non:: U the post· test leak rate' (Section 
2.2.6) exceeds the allowable ra.te, correct the 
\'s.lue ot V. in Equation <1-.3. as described tn 
Section 6.3 of Method 5. 

2.3.5 Molsture Content. 

Eo....• 
Non: In saturated or moisture droplet.­

laden K"B.S litreams, two calculations o( the 
moisture content o( the sla.clt ps shall be 
made. one usIng a vBlue ba.scd upon the 
"tura.ted conditIons (see Section L2l. and 
another ba.sed upon the results of the 1m­
pineer a.na.lysis. The lower ot these two 
va.lues o( B .. sha.n l>fo coruldered correcl. 



NOMENCLATURE 

METHOD 5 CALCULATIONS 


Vm.td = Volume of gas sample measured by the dry gas meter, corrected 
to standard conditions, dscm (dscf). 

Y = Dry gas meter calibration' factor 

= Barometric pressure at the sampling site, mm Hg (in. Hg)Pb 


H = Average pressure differential across the orifice meter, 

mm H 20 (in, H

2
0) 


= Absolute average dry gas meter temperature, 0 K (0 R) 


dscm = Dry standard cubic meters 


dscf = Dry standard cubic feet 


W. = Weight of residue in acetone wash 


M = Mass of residue of acetone after evaporation, mg
• 

C. = Acetone blank residue concentration, mglg 


v = Volume of acetone blank
• 
= Volume of acetone used in wash, mlv .w 


= Total amount of particulate matter coIlected, mg 


c. = Concentration of. particulate matter in stack gas, dry basis, 
correcled to standard conditions, mgldscm (gr/dscf) 

gr/dscf = 	grains per dry standard cubic foot 

Volume of water vapor in the gas sample, corrected to 
standard conditions, scm (scf) 

= Water vapor in the gas stream, proportion by volumeBw. 

Molecular weight of stack gas, gig-mole on dry basis 

M. = Molecular weight of stack gas, gig-mole on wet basis 

v Stack gas velocity, calculated by Method 2, Equation 2-9,• using data obtained from Method 5, mlsec (ft/sec) . 

Pitot tube coefficient, dimensionless 

= Velocity head of stack gas, mm H 20 (in. H 0)
2

P Absolute stack gas pressure, mOl Hg (in, Hg)• 



NOMENCLATURE (continued) 
METHOD 5 CALCULATIONS 

Q ~ Dry volumetric stack gas flow rate correctcd to standard .Id 
conditions, dscm/hr (dsef/hr) 

dscr /min ~ dry standard cubic feet per minute (also identificd 
as dcfm Or scfm) . 

acfm actual cubic feet per minute 

I ~ Percent of isokinetic sampling 

An ~ Cross-sectional area of nozzle, m2 (fI2) 



EMISSION MEASUREMENT CENTER 

APPROVED ALTERNATIVE METHOD (ALT-009) 


ALTERNATIVE METHOD 5 POST-TEST CALIBRATION 


INTRODUCTION AND BACKGROUND 

EPA Method 5 requires the calibration of the metering system after each 
field use. Because the post-test calibration require:!! the use of a 
spirometer or wet test meter, the calibration is often conducted in the 
laboratory. However, a field calibration procedure is highly desirable for 
two reasons: (1) it eliminates questions about the possibility of the 
damage to the metering system occurring during transport and (2) it 
eliminates travel costs for a retest if the metering system fails the post­
test calibration. 

The alternative post-test calibration procedure described below is based 
on the principles of the optional pretest orifice meter coefficient check 
in Section 4.4.1 of Method 5. Since the orifice meter coefficient check 
will not detect leakages between the inlet of the metering system and the 
dry gas meter, the alternative procedure includes two additional steps: 
(1) a leak check from either the inlet of the sampling train or the inlet 
of the metering system and (2) a leak check of that portion of the sampling 
train from the pump to the orifice meter. 

PROCEDURE 

The alternative to the post-test calibration in Section 5.3.2 of Method 5 
is as follows: 

After each test run, do the following: 

1. 	 Ensure that the metering system has passed the post-test leak­
check. If not, conduct a leak-check of the metering system from 
its inlet. 

2. 	 Conduct the leak-check of that portion of the train from the 
pump to the orifice meter as described in Section 5.6 of Method 
5. 

3. Calculate Yqa for each test run using the following equation: 

O.0319T 29 my 0-· -----H-"'-- Md (FIl) avgqa V 
m ·H(pD·~ ) 

~ b 13.6 

where: 

Prepared by Michael K. Ciolek, EMC EMC ALT-009 
EMAD, OAQPS, EPA June 21, 1994 
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Yo' 

Vm 
Tm 
Pb 

0.0319 
• hav9 
• H@ 

M" 
29 
13 .6 

= 
= 

= 
= 

= 
= 
= 
= 

dry gas meter calibration check value, dimensionless. 
total run time, min. 
total sample volume measured by dry gas meter, dcf. 
absolute average dry gas meter temp., DR. 
barometric pressure, in. Hg. 
(29.92/528) (0.75)' (in. Hg/O/R) cfm'. 
average orifice meter differential, in. H,O. 
orifice meter calibration coefficient, in. H,O . 
dry molecular weight of stack gas, lb/lb-mole. 
dry molecular weight of air, lb/lb-mole. 
specific gravity of mercury. 

After each test run series, do the following: 

4. Average the three or more Y~'s obtained from the test run series 
and compare this average Yo, with the dry gas meter calibration 
factor, Y. The average Yo' must be within 5 percent of Y. 

5. If the average Yo' does not meet the ±5 percent criterion, 
recalibrate the meter over the full range of orifice settings, 
as detailed in Section 5.3.1 of Method 5. Then follow the 
procedure in Section 5.3.3 of Method 5. 

REFERENCE 

1. Roger T. Shigehara, P.G. Royals, and E.W. Steward, "Alternative Method 
5 Post-Test Calibration", Entropy, Inc, contained in the EMTIC TSAR 
Library. 

Prepared by Michael K. Ciolek, EMC 
EMAD, OAQPS, EPA 

EMC ALT-009 
June 21, 1994 
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A I R QUALITY, LLC 

DRY GAS METER CALIBRATION 

AmTest Air Quality 

File Name: 


Meter Box #: 


Calibration Date: 


Operator: 


Method of Calibration: 


Total Meter 

Time Vol V, 

(min) (ft') 

33.5 3.138 

32.5 3.676 

39.7 4.206 

V:\\amtest_company\Field Staff ,.,\calibrations\#27RedLowFlow\#27@0.5Ipm 072707 

#27 RedLow Flow @ 0,5 Umin 

7/27/07 

KEF 

Standard Wet Test Meter 

Dry Gas Meter Readings 

Meter Temp 

Vol V, In 

(ft3) (OF) 

Temp 

Out 

(OF) 

Pbar 

("Hg) 

WTM 

VI 

(ft3) 

Wet Test Meter Readings 

WTM WTM 

VI Temp 

(ft3) (OF) 

WTM 

6H 

( "H2O) 

Actual 
Flow 

Rate 

(Ipm) Y Factor 

Y I'actor 

Criteria 

'V-' 
\h 
l'--' 

3,676 

4.206 

4,863 

78 

80 

82 

76 

78 

80 

29,60 

29.60 

29.60 

49.442 

49.990 

50.525 

49.990 

50,525 

51 .183 

74 

74 

75 

-0,1 

-0.1 

-0.1 

0.45 

0.46 

0.47 

1,024 

1.019 

1.013 

1 

1 

1 

AVERAGE 1.018 
1=ok,O=fail 

Initial Y Factor 

%ERROR 

0,994 

-2.5 must be within ± 5% 



Meter box 10: 

Magnehelic Calibrations 

?rtR .ttZ7 
Date: 7/27/<> / 

Barometer. . Z C(, (v'I.> 
Ambient Temp.: ----::-7::'''''*-'-'-''-''------

Calibrated by: _--'Iu<-=-'"'--I-_____ _ 

Manometer (reference) Magnehelic Reading 

Magnehelic ID (inches H2O) (inches H2O). 

n ·~l -+- O.q?.- 'D .'11 
o. ;J 0.1)1 
O,-~·~ o .2;') 

D-\ - D ,qS u,qlj . 
D~~ fl. Y 1 
0 T1> O. L"l 

0( 

" 

.. 

(ref pres - lest pres) x 100:::; «5%) 

(ref pres) 

Difference Difference 

(inches H2O) ("!o) 

0.0 I 
0 . 0 
().O 

D,o \ 
D.O 
00 



Thermocoupl e I. D._=· I ~', ' T.,2--'.7_~ ·Y1--'.('.-k

Thermocouple Calibration Data Sheet 

?/27/v7Date T.e. Indicator 
Initials iZe( Reference I. D. 

~~~~----~~-
Ambient Temperature 75 F 

Barometric Pressure 2 '1. 0C. "Hg 


Reference Thermocouple Temperature 
Temperature* Temperature* Difference..... 

F F F % 
Ice Bath $:>3~ ~ ..::> 0 

34 3'3> I 
?,?, 3~~ 0 

Ambient 
7':> 7~ 

, 
7c) 7lp ~ 

,t; 7(p l 
Boiling Water 

'lIO 2.11 1 

LI' 2i"L I 

'2)\ 211 0 

*Readings taken at one minute intervals 

** (ref. temp. F + 460) . (test T.C. temp. F + 460)/(ref.temp.F + 460) x 100 < 1.5 

lab"2/TCal XLS 



Thermocouple I.D. Jri? j1}ehr O .. ·~ 

Thermocouple Calibration Data Sheet 

Date '7 i27/D 7 
In iti als =----LKl-'=~o.J:r::'-:-_____ _ 
Ambient Temperature 2<) F 
Barometric Pressure 29. ¥.D "Hg 

T.C. Indicator 
Reference I. D. 

Reference Thermocouple Temperature 
Temperature* Temperature* Difference** 

F F F % 
Ice Bath 

37 3tf I .::> 

s~f "5[/ 0 

'3.3 r~ c) 

Ambient 
7s~ 75' 0 

7~ 7~ D 
7s 7;;- '"' L.J 

Boiling Water 
'2..10 2./0 () 

lJi 2.-/0 I 
{.-I I 1_10 1 

*Readings taken at one minute intervals 

** (ref. temp. F + 460)· (test T.e. temp. F + 460)/(ref.temp.F + 460) x 100 < 1.5 

lao#2/TCal.XlS 



1-wrr":Sf 
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Alt1 UUALITY. llC 

DRY GAS METER CALIBRAnON 

Am Test-Air Quality, LLC 

File Name: Groove\#6BlueMag\41 007 

Meter BOll#: 1/6 KAH 8we 

Calibration Date: 4/10/07 
Operator: Torres 

Method of CalibraLion: STANDARD DRY GAS METER 4 (Method 5 Section 16.1) 

Meier Box Dry Gas Meier Readings 	 Siandard Cry Gas Meier Readings 

Tolal Meier Meier Temp Tamp SId SId StdDGM Sld.DGM SldDGM 


Tome &H VoIV\ Vol V, In Oul p.. DGMV, DGMV, Temp In TempOuI Yd. Volume Y Factor &H@ 


(min) ( ~H20) (n~ (n~ ("F) ("f) rHg) (ft') (ft') (oF) (oF) Faclor Y Faclor &H@ Crileria1 Criteria% Griterial 


18.0 0.5 496.470 503.159 61 61 29.76 13.294 79.928 61 61 1.0135 1.0039 1.989 


13,0 1.0 503.485 510.436 62 61 29.76 80.255 87.166 62 62 1.0135 1.0042 1.919 


9.0 1.5 510.883 516.793 64 62 29.76 87.611 93..415_ 62 62 1.0135 1.0038 1.913 
v-'

9.0 2.0 517.549 524.443 65 62 29.76 94.224 101.047 62 62 1.0135 1.0010 1.884 \..."'­
11.0 2.5 547.484 556.706 65 64 29.76 123.659 133.002 63 63 1.0135 1.0015 1.959 	 ~ 
7.0 3.0 532 .897 539.285 6B 64 29.76 109.409 115.732 62 62 1.0135 1.0034 1.983 

AVERAGE 1.003 1.941 1 = pass, a = fail 

OrirlCe Loak Check Okay 	 Initial Y Faclor 0.999 

'Ya Error" -004 needs 10 be within +/- S"a 

, dil'l'erenc:e betwaen v, clOd V,IS greater than 5 1t' 

2 If Y-facIO( IS graater than the average Y factor. Y factor· 0.02 

IfY-faclor is lass than the average Y faclor. Y factO!' ... 0.02 

l 	 If lIH@ [$ less than the avutagub.H@ • .<lH@ + 0.2 

If 11H@ is gl'aalarthan!he averageoH@,4H@ ·0.3 

If"~ allor IS Within .J. 5%, calibrabon passes 

If % error is greater .,. 5%. cahbratlon fails 



Thermocouple I.D. 0 '""-I L E.:/ 
1'16. r~ (2.. (j"v.. if h 

Thermocouple Calibration Data Sheet 

Date t-( - 7- 0 1-
Initials P,q..:::(" 
Ambient Temperature 
Barometric Pressure 

.n:~ F 
2-?l--t. "H g 

T.e. Indicator :d~ ~F- T/?t2. (3o'/.. 
Reference I. D. ;; ? S"' - 10;-'2-

Reference Thermocouple Temperature 
Temperature* Temperature* Difference** 

F F F % 
Ice Bath -I .33 ,51-. 

33 J2.- ~I 

J-S 31-- - I 
Ambient 

Sf,-;- S-7- 2., 5-

n,S' S7- 2, 5"" 

57, (" S+-
,-

"l-.S 
Boiling Water 

"l- ( .3 I 2-(2-

?.. ( "")..- 2- ( J I 

7.--/ 1...-- 2-d I 

*Readings taken at one minute intervals 

** (ref. temp. F + 460) . (test T.C. temp. F + 460)/(ref.temp.F + 460) x 100 < 1.5 

lab#21TCa1.XLS 



Thermocouple J.D. / AlL r;;:r­
fS1 He 11 0/<.. # (, 

Thermocouple Calibration Data Sheet 

Date L(- 1- (.) 1- T.C. Indicator riC hE-TEl? Box 
Initi als ~Lf-",B..::::'-LI________ Reference I.D. £'75- lotL 
Ambient Temperature " I F 
Barometric Pressure vi.?-!- "Hg 

Reference Thermocouple Temperature 
Temperature* Temperature* Difference** 

F F F % 
Ice Bath 

32. \ J] ,S­

31-.. -S­ 33 .S 

3L.. e;­ J) .) 
Ambient 

bo. )' S/ /' \" 

~I !>J 2­

fa! ~7 2­

Boiling Water 
2-(L 2-( 3 I 

2-(L­ 1.-/3 
I 

1_(1­ 2..-13 / 

*Readings taken at one minute intervals 

** (ref. temp. F + 460) . (test T.C. temp. F + 460)/(ref.temp.F + 460) x 100 < 1.5 

lab#21TCa1.XLS 



Magnehelic Calibrations 

Meter box ID: _~#_(,~~~ __ _ 
Date: _LYLf-/lrJ~(~00-7L-___ _ 

Barometer: _·~Zj--L'c..!7~l,~· ____ _ 
Ambient Temp.: _~..,--->:(7"-l1 ____ _ 

Calibrated by: _..::£L<O::::.-..!.,--____ _ 

Manometer (reference) Magnehelic Reading Difference Difference 

Magnehelic 10 (inches H2O) (inches H2O) (inches H2O) (%) 

?t--=S .-t- I, (.1 + U. '10 . ·t Om ,0/ I.' / '7., 
!J .~\ .-!- 2.-:; -+ 1. c; t 7.. l{> .05 2 UU '70 

.-\- t/.rJ + ~.5 + 3. vcr • (,11 . z'1iu 

0-\ '1 • 20 t .01 +- . 0 O~Cj .VOI i. 0 ~j 
4 , ';,"() t 50 +- ~ .L/11 .001 0 .. 2 'lb' 

·-1 ,~O + go t- ,71'1 ,00 { 0·12S5>., 

(f6- 1.0 - . <t'l - /. U .0/ /,01 % 
11-:[ 2.<;; ~ lG - 2·~1i . 0 tOl , 0 L( (.~, -'" - 1·0 - L(. i .C - V. c) 0 0". 

-
/) -I - .2u ~ vi - , u0'l1 • {)UOI 1 ~o . 

- .sU - .50 - , (/'/1 • ()0 ( (/ L l/,u 

. '6iJ .90 .L- . '(/If . (),) \ 0. / I Colt) 

(ref pres - test pres) x 100= «5%) 

(ref pres) 



Magnehelic Cal ibrations 

Meter box 10: 
Date: l{/(I((n 

Barometer: --4-l:Z::'-t!.".'-:L(.L~:=;-----
Ambient Temp.: ---'''-'-'7-~.;':::"]~----

Calibrated by: ---fp--<E'T----'------

Manometer (reference) Magnehelic Reading Difference Difference 

Magnehelic ID (inches H2O) (inches H2O) (inches H2O) (%) 

j.1. + ,SO 9J ,5>V 0 

/ - (1) I. Ll U) 0 

I .~ 1.51.) +·~6/. V7 . Q I {>.~ 9-

0 -1 - .SO - . W - - W U 
.- (.LU -I.e -L'u CJ 

.- I. 'g) - l· ')\.) - !. ~l.) 0 

0-(, - ( -1.0 - /, () (J 

- 3 -3,·0 - S. L) 0 
- Y - . . _ ""-:> . {)....J - 5.0 () 

O-c, +- I + 1.0 i- ;. () tJ 
1- <, -+ ~. 0 -.t- 3 DC:; ·-.D~ f. 7 1,,, 
-+ l,., -+ So f- S.U 0 

(ref pres - test pres) x 100= «5%) 

(ref pres) 



••.. , .......... "'1 ::'.'es Urde( Nurnber·0029J54 

'-' IV ... • -." ...L'~~'-'- ~ 

l 
APEX INSTRUMENlS REJ!EREHCE MElER CAL1BRATION 

USING WET·TEST METER "'AE6 

,,·POINT ENGLISH UNITS 

Cahb'31,on MO'e, Info,,,,aL'O~ CaUb'~I ,on COMdiUonS F~(IDrslCo"nr1'DM 

W~I TUI ... 1 ........... ,. I AL.20 Call IT"" 13-F.b-07 "" Sid Tllmp 

W~'Tu' MthlS4r\1l. I "AU Ba ,o_'n~ " .. nLo'" ,., .... Sid " ..... 

W~I Tn' M.II' (lLIfTIITUo "X"" CalibrallDn hchn,~la~ SH K. 

OGM Mot.l-&Irt.1 NLltllbu S11~3e09a3 

Cllb .. llo" 0.1. 

R .... Tw..c DIy au .... ," c ....... ,"'" M40' .. 

'b'." I V._ V"'_ (1",".1 Til'" Cutloll Tem!, v ........ v ...... Out .. , TlllftfL Cyu.IT .... , 

EI,pnd ,I .... " .. 1n1L ... , Final 11'011"'1 FIrt., 1"It,., FIrt •• In""" FIn,,1 .. , ,P~ IV ... IV ... '-' ..... [Vw' ""'" tW tW - ",HID culKin! 1;I,It.:1 .... .. .. 1;01_1 .. \ cube I ••• .. 'F 

'00 ".7 al23n Dln93 73 73 9015 "3 951.453 ..... ..." 
'00 ~7 a18793 a25.218 73 73 951.d3 B57.nl .... 156.75 

'00 ~.7 125216 831.601! 73 73 957779 ... . 000 .. " .... 
'00 ·lS I Dll &c6 a:l77St 73 73 .. ,," !l70.21\ .... .. 7 1 

'00 • J .S i 837.79" 1M3.sa1 73 " 9102\1 978 J1' " .7 .... 
600 .J.S , 11'3 ge7 1150.1211 " " 111631' 982.407 ... ,OT 

700 .,. I ISO 129 855UII 72 72 982 .07 Va8.15) '7J 670 

700 ." : 855899 861825 72 72 98D 153 99385! 670 670 

100 ." I 86'.825 6&7:)15 72 72 63855 199.517 67.0 070 

1300 .\9 : 872170 en 365 " " 'CO< '" 1009.588 . 87.D .71 

1300 .\9 I 877.365 '" .. , " " ""'" .. 10,.7a7 '70 ", 
1300 ." , 

8875!16 8117735 73 " lC ~ ' -a7 1019 !l74 67\ .71 

3000 ·IS ea7735 ...... " ,. 1~1 !1 974 H128 1108 .71 ." -. 
"00 .\5 ...... 902.012 I 7. " 1::2a 90fI 1034.290 8" 677 .-. 

i "00 ." - 9C2012 907357 : " " lC)l:.290 1039647 077 677 

! 
Ov-nll A"_"'II_ Y I 

~ - . . . . -
,"'eII .. 1", C~I.hU''''''' F",lm or \III "'1'" .,' "' .. ,Udlllll 01 Ih! ,a~b'alocn mel" \n I~~ .1 <y ea~ "'e\~, Ihe ~. r.a~on D~to... en the m'''''''''m .... , ... , "\~m va'uu a, U~~ I~ '.,~ mll'\ ~~ . .. , eUd 0 030 
~.T: ' n' ' he ()v.e,~ u A~ ~' ~p~ Cft,Iw ..... ~ •• • <:\00 ¥ lh~ _e ~Pplab!t '~"PP os. b-ofw1'!P" 0 9S " " 0 1 OS 

" ~ .......... M ._ .. _ ~ _ •. _ ...... ,,_. " •••• • _~ 

Dale :J. - /3-07 

52. 'R 

2Q.92 .... 
17.547 ........ 

Ruultl 

DoryGu ""' •• 

Cd"""",,, helOf 

V."" V"rI.lkll' 

M ,y ..... y-J 

1,011a 

1.0085 

1.0087 000' 

10100 """'loll" 
1.0115 

\ ..... 
I.- 0002 

1.0101 Av.,-.;J" 

1.0115 

1.0117 

1.0\12 000\ 

1.0t15 """'·11" 

1.D174 

1,0178 

1.0175 0000 

'0115 ""-'loIIn 

1 01D2 J 
1 olea 

, 
.L 

10180 ! 0001 

10183 I 11 ... ,l1'li" -"1.013$ 

I 

Flowra t. 

Sld&C"tr 

(D_--.I 
, .. 

t.:~52 

125!1 

1.2540 

" .. 
1.017 

1012 

1011 

1.013 

0.a18 

0.810 

0 .... 

0.810 

"" 
0.3V8 

OJII7 

0397 

0230 

0232 

0231 

02:12 

~ .. ' 
(\~ 



J60SC _..2!!ler. ,lAJrC._~ . 

Cahbt'ltOl1 O'le 2- 13-2007 

1.060 

1.040 

-c.. 1.020 

".--·-·~r Nur---29J54-

Meter Gamma vs Flowrate 

C.hbr.uon TllthnIO." SH 

- - i 

I 

ra 
E 
E \ 

\ 

'1.811:1 ~ 
1.811 1.010 '1.010 

~Gamma Y 
~ Max Allow Y 
~ Min Allow Y 

ra 1.000 
(!) 
.... 
Q) ..... 
~ 0.980 

I 

I , 
0 .960 I , 

\ , 
0.940 L ____ ., -----

0.000 

Con~ore Sen, l 1'AE6 

0.250 0.500 0.750 1.000 1.250 
Flowrate Standardized & Corrected (cfm) 

1.500 

Con~ Mod.. AUO 

'-'" 
~ 
~ 



,:, . I 'v·')Il"~bJ.."'OOi Cuslomer·AM Tes\ Atl Oua!ily Sales Older N\Jmbet·OO293S4 

C."I)III IOO'l O, 'e 2· 13-2007 C.bb'.'OQt\ -;-.Cl'lnlCOl 

Meter Pressure vs Flowrate 
-5.0 I .. ... . . -- . - . .. .. - - _. 

/ -4 .70 
-4.5 I 

I 
0-4.0 

~-3.5 /-3.50 
c 
:::..-3 .0 
0> -2.60 ~-2 . 5 
en '--' 
~-2.0 ~ 

~ ... 
':-1 .5 i -<'1.50 
2 I 
0>-1 0 I 2 . 

-0 .5 !. 
I 

0.0 L ____ . _. -- ... -- .-----. ----' 

0.000 0.500 1.000 1.500 

Flowrate Standardized & Corrected (cfm) 
Conlol. MOd •• 

Console Sera ~'AE6 



SENSIDYNE, INC. 
CALIBRATION CERTIFICATE 

CELL SIN: 02127443-8 DATE: 03 - 17 - 2006 

This is to certify that the above referenced Gilibrator Flow Cell 

was calibrated using film flowmeter MCS-102-A, which has been 

calibrated by instruments directly traceable to the National Institute 

of Standards and Technology. NI8T Report 8361604. 

Results: 

REFERENCE 8/N 

MC8-102-A 02127443-8 

cclmin cclmin 

2013 2014 

2013 2013 

2010 2012 

2016 2013 

2013 2013 

2009 2010 

2012 2014 

2014 2013 

2010 2012 

2013 2012 

MAX 

MEAN 2012.3 2012.6 

CALIBRATED BY 

RELATIVE 

DIFF. 

cc/min 

1 

0 

2 

-3 

0 

1 

2 

-1 

2 

-1 

-3 

PERCENT 

DIFF. 

0.05 

0.0 

0.1 

-0.15 

0.0 

0.05 

0.1 

-0.05 

0.1 

-0.05 

-0.15 



3&5 

Magnehelic Calibrations 

Meter box [0: 1'4&= k ;/ c;-
Oate: (46,/0.5-

Barometer: k:.Z!l::Z..:i.C/~Q~ ____ _ 
Ambient Temp.: a&ahc..::"":=t'E=---____ _ 

Calibrated by: ..J.e:....p~.~<~-----

Manometer (reference) Magnehelic Reading 

Magnehelic [0 (inches H2O) (inches H2O) 

C>-I~ H/£,-,<-/ rLc..J 13-0 
1<:'0/05'Z,)'1£ 1z... GTf c .S-• 

(') 14, l{:;j ~~/, D 
p_l.> ~ ; Lf. IJ . 13.q-

Q.4 q,S 
(l q6 1. UD 

cr-s-!V6r/ tr,7:. '-i. I 
~sZ9' .::r1'1Z-S- '2,., 'i L.. - c:;-

O.~ (). $72 
o -~ l- ':Tl,.../ 4.1 '-/-.7<; 

2 .:;- z..~b 
()(j C),L/ 

o-z.. q'/~.l/ . -I. q I. q 
IJ ;;'fn WI.,..> O.~I I. 0 

(),'Z."2..- 0- -z.,-z-
()..r Z L-Ul ' (q I. q 

0.96 /. u-o 
0.2.../) V.L.O 

(ref pres· test pres) x 100= «5%) 

(ref pres) 

Difference Difference 

(inches H2O) (%) 

-
f') ~ \ 

(3.D3 

O·~ 
0- ) 
o. (;> '1..----' 
0), 1 
0., ) --

() or 
O. 1 ---

- ---
0,0 '3 

, -- ----
o. ()-'L-
._- --



-- -------
--

Magnehelic Calibrations 

Meter box 10: M/J6- .&2'- jj. S 

Date: --,/~,h-",~:.t;,W~,o~s~____ 


Barometer: --,2,-,-,0,--",~~,--=-______ 

Ambient Temp,: ..-J.Q0n,,;-=-o::!:'+______ 


Calibrated by: .....At:..=!o""n~______ 


Manometer (reference) Magnehelic Reading Difference Difference 
Magnehelic ID (inches H2O) (inches H2O) (inches H2O) (%) 

o-c;). -zs-/lt&- /.I 	 '--- ­O.W (). -Z '-I 	 ­
/-olq''<-'''''''Z-7 (); l~ 	 (J,15 - ­

0·0-:1 	 0.0"<- - ­
a-a' -z->: tcn.v 	 (). 1-"2..- 0\7..:7.._ 

/7. /0 O~ /0 ' ­
(').03 	 O.o~) --'-'P-I H!6r-1-I () q~ D. '1 "( 


I<:.DID'<67 (;f2.../I' I'l c:;; '2.., /'J, '3l.- c),0) --­
0,09 0,09 ­

{i-I l~ I.OV O,qCi (l~ 0 ) 
(')-~ f), <;~ 6 oj 

,-- ­().f)b 	 ---­rzo~ 

(ref pres - test pres) x 100= 	 «5%) 

(ref pres) 



SifJRTP-ID61E ~ 4 
co 10: Ion.. 7 AIRDATA MUL TIMETERIFLOWMETER CERTIFICATE OF CALIBRATION SINn " 0 '-!O 57 
Customer: &/-r} 7Z:--s r -/9rr Q va... {,bL L L.~ State: kU,4 Order#:OZ</f?..7 
Model#: 8'"S1? -Fo3 PO #: ~alibratjon Due Date: QACode: 10CFR21: __ _ 

. , ~ ;Vto <.. Test By ,:;f:! 
Dat""9/'''':& L. Rh-;'i7h-__ 
Ambie'n t i'~~Ju", 7(.,. 
Within speD NO NA 

................ ..Test By 
Date ~~ 

?_~.,.,Test By,.-__ _ 
Date / Rh 

Ambient ren;pe;:a~=,-:::,---_ 
Within spec YES NO 

Ambient TemperaturO-,,? __ 
Within spec YES NO 

Pressure Standarn: Heise #02-R SIN: 41741/42451 
Pressure Standarn: Heise #04-R SIN: 41743/42453 
Pressure Slandarn: Heise #06-R SIN: 41742142452 
Pressure Standard: Heise #08-R SIN: 42186143328 
Pressure Standarn: Heise #1~R SIN: 42203143352 
Pressure Standard: Heise #12-R SIN: 43166144731 
Above Heise used for Absolute Pnessure Set Points 

A pprox Set Point Standard Test Meter , 
14.0 /t<" Y /$" -/ 

26.4 ,,#.2-'7 ,J-j'.?, 
40.0 '70./ /' 7'"d.Z. 

ABSOLUTE PRESSURE TEST ~n Hg) 
TEST METER TOLERANCE = ± 2.0 % ± .1 in Hg 

Calibration Date: 04/16102 Calibration Due Date: 1012002 
Calibration Date: OS/20102 Calibration Due Date: 1112002 
Calibration Date: 06120102 Calibration Due Date: 1212002 
Calibration Date: 01/12102 Calibration Due Date: 0712002 
Calibration Date: 03108102 Calibration Due Date: 09/2002· 
Calibration Date: 05i06/02 Calibration Due Dale: 1112002 

Rated Accuracy: 0.050/. fs (0.02 in Hg) UncertaInly: < 0.01 in Hg 

% Diff • Standard Te.sl Meter . , Sla dard n 

• 'j"J 

.7,,! , 

rdJ" 

DIFFERENTIAL PRESSURE tEST On we) 
TEST METER TOLERANCE = ± 20 % ± 0.001 in we 

Test 1 Test 2 Tesl3 
c@B:> Test 2 Test 3 

Test 1 Test 2 Test 3 
Test 1 Test 2 Test 3 
Test 1 Test 2 Test 3 
Test 1 Test 2 Test 3 

Test Meier % Diff 

'ressuna Slandarn: Heise #OH. SIN: 41739142449 Callbrntion Date: 04/15102 Calibration Due Date: 1012002 Test 1 T""t 2 Test 3 
Test 3 
Tesl3 
Test 3 
Test 3 
Test 3 

'rossure Sland~rn: Heise #OJo{. SIN: 41738142448 Calibration Dale: OS/23102 Calibration Due Date: 1112002 cIeS£1) Test 2 
'ressure Slandarn: Heise #OS-{. SIN: 4174lJ14245O Calibration Date: 06126102 Calibration Due Date: 1212002 ~ Test 2 
'ressure Slandarn: Heise #070{. SIN: 42185142186 CallbraHon Date: 01/16102 Calibration Due Date: 0712002 Test 1 Test 2 
'ressure Standarn: Helse #O9-l SIN: 42202143351 Calibration Date: 03110102 Calibration Due Date: 09/2002 Test 1 Test2 
'ressu", Standard: Heise #110{. SIN: 43165144551 CaUbration Date: 05106102 Calibration Due Date: 1112002 Test 1 Test 2 
bove Heise units used for 0.05 In we Differential Pressure Set Point Rated A=racy: > 0.07% Is (0.000175 In we) Uncertainly: < 0.00086 

ressu", Slandard: AlrOaIa MulHmeler SIN: M96455 Calibration Dale: 09126101 Calibration Due Dale: 09/2002 
ressu", Slandard: AlrOata MuIHmeter SIN: M96099 Calibration Date: 09/26101 Calibration Due Dale: 09/2002 
ressure Slandard: AlfiJala Multimeter SIN: M98326 calibration Dale: 10129101 Calibration Due Date: 1012002 
ressure Slandarn: AlfiJata Multimeter SIN: M99420 Calibration Dale: 09/26101 Calibration Due Date: 09/2002 
ated A=racy: Differential Pressure ± 0.5 % ± 0.0001 in we Uncertainly: See Uncertainly Table 

Approx Set Pt Standard Test Meier "Olfr Standard TeSt Meter % Dirt' Slandard 

.0500 . ·OS-/O . Od / I • z.". ~ 

.1250 . /,2. yo ·/LYC, ri"~ -.......... 

.2250 .22.)8 . 2LL;. 9 • 7''' ~ 

.2700 ,2.73 V .2735 ,0;£ "-" 2.000 2.077 .2..0$""0 ./.1" ~ 
3.600 J.&;'7Y 3.C?J -;:-dJ ~ 
4.400 ?( J 7.r KYoz... . if,! ~ 

27.00 el7. 0 c;. ..27. /2- '2-Z-

50.00 Y? .1...:r Y'?· 77 ,2-'1 
Overange V V 

LOW VELOCITYIFLOW CONFIRMATION (AIRFOIUFLOW MODE) 
TEST METER TOLERANCE = ± 3.0% ± 7 FPMlCFM 

Flow Standard: AirOala MulUmeter SIN: M96455 Calibration Date: 09126101 Calibration Due Dale: 0912002 
Flow Standarn: AlrOata Multimete, SIN: M96099 Calibration Date: 09/26101 Calibration Due Dale: 09/2002 
=jaw Standarn: A1rDala Mummeter SIN: M98326 Calibration Date: 10129101 Calibration Due Date: 1012002 
=jaw Standarn: AlfiJata Multimeler SIN: M99420 Calibration Date: 09/26/01 Cailbration Due Date: 0912002 
d Accuracy: Velocity ± 2.0 % ± 3 (pm; Flow ± 2.0 % ± 3 cfm Uncertainly: See Uncertainly Table 

~ro;( Sel Point Standard Test Meier Oiff Standard Test Meier Dill' Standard 

100 II!. 2.. /17 - J') A . 

500 575. .17 C. • I / " /' 

'/ 

·870 and ADM-BSO AirData MulHmeters are read in AirFotf Mode, AOM-850 and CFM-88 meters are read in air now. 

~ Test2 T05t3 
Test 1 Test 2 Test 3 
Test 1 Test 2 Test 3 
Test 1 Test2 Test3 

Tes1 Meter % Oi" 

~ 
-.......... 

............. 

~ Test2 Test3 
Test 1 Test 2 Test 3 
Test 1 Test2 T05t3 
Test 1 Test2 Test3 

Test Meter Oi 



AIRDATA MULTIMETERlFLOWMETER CERTIFICATE OF CALIBRATION SIN: /7tJ~t..J7 

TEMPERATURE TEST - AIRDATA MULTIMETER r F) 
TEST METEfl; TOLERANCE = ± 0.2' F 

Simulator: SIN 249 Calibralion Date: 01/24/2002 Calibralion Due Dale: 01/2004 cresa Tesl2 
,_ Simulalor. SIN 250 Calibration Dale: 0112412002 Calibration Due Dale: 01/2004 ~ Test 2 

,,;0 Simulalor. SIN 253 Calibration Date: 01/2412002 . Calibralion Due Date: 01/2004 est 1 Test 2 
RTn Simulator: SIN 254 Calibration Date: 03/2812002 Calibralion Due Date: 0312004 e 1 Test 2 
r', Simulator. SIN 256 Calibralion Date: 0312812002 Calibration Due Date: 0312004 Test 1 Test 2 
I I Simulator. SIN 257 . Calibration Date: 03/2812002 Calibralion Due Date: 03/2004 Test1 Test 2 
I 'D Simulators Model RTD-1000l500 ' Rated Accuracy: 0.0050/. of setting Range: 100 0 to 11111.100 

RTO Simulalor Temperature 
Equivalent Set Point Test Meter Dirt Test Meler Dirt 

35.60 JS.c. 0 
~ 

95.00 7 . .r. 0 0 

154.40 1.1'>'. ? • z.. 

Order #:. _____ _ 

Test 3 Set Poin~F 
Test 3 Set Point 35.6' F 
Test 3 Set Point: 35.6' F 
Test 3 Set Point 35.6' F 
Test 3 Set Point: 35.6' F 
Test 3 Set Point: 35.6' F 

Uncertainty: < 32 ppm 

Test Meter 

" 

9511 F 
~ 
95' F 
95' F 
95' F 
9511 F 

Diff 

154.4'F 
1S4.4'F 
~l' 
154.4' F 
154.4'F 
154.4' F 

- , UNCERTAINTY TABLE (All AirData Multimeter Calibration Standards) 

I :xla Dirferenlial Pressure C" we) Absolute Pressuru On Hg) Veloclly (rpm) Flow (dm) 

II Point .1250 .2250 .2700 2.000 3.600 4.<00 27,00 SO.OO 14,0 28.4 40.0 100 500 100 500 

2'( '1m .. < .00022 < .00023 < .00031 < .OODS < .0015 < .0023 <.00<1 < .007 <.02 < .02 <.02 <2.25 < 2.5 <~.4 <5.0 

, I ::ertalnUes are expressed in expanded lenns (tvvice the calculated uncertainty). Uncertainties shown for Low Velodty/Aow Confirmation represent 
, ~rtalnty of the Transfer Standard Meter exposed (0 the pressure source only. 

;: ----------------~--------------------------------------------------------------

l 

I 

l 
--------------------------------------------~-------------------

Ife used: Calibration Procedure ror AirOata MuWme!e", SIP-CP01 Reviston: 06 Dated: 11112101 

; if ~rument has been calibra!ed using Calibration Standards which are traceable to NIST (Nation.llnslitute or Slandards and Technology). Quality 
I ce Program and calibration procedures meet the reqUirements ror 1 OCFR50Appendix B; ANSIIN45.2; ANSVNCSL Z540-1-1994; MIL-STD 45662A 
\.."ufacturers specifications. Calibration accuracy Is certified when melers are used with property functioning accessories only. ThIs report shan not 

o~roduced, except in rull, without the written approval or Shortridge Instruments. Inc. Results relate only to the /lem calibrated . 

. i ,. on Use: See ShOrfri7!'struments, ~nc. Instruction Manual for the use or AirOata Multimeters 

"Jlion Technlcian(S)~t:.~=<"'l"'ILe_;,==""'o:..:..---------------------­
.. ~ "Approved by: ~~"'-- Tille: Q"?q. ~ .... 

~ 

Shortridge Instruments, Inc. 
7655 E. Red"eld Rd Scottsdale;AZ 85260 

(4AOl QQ1_R7.d.4 lZ~v (.dAm .t!A'1..1?C:7 

Calibration Date: 01/dJadPZ­
I 7 

Date: g - 4-- '2oo:t... 



Date: 

0.1= 

y= 

AI R QUALITY. llC 

TYPE S PITOT TUBE INSPECTION DATA FORM 

Pilot Tube #: 

Calibrated by: 

Pitottube assembly level? V ____ yes ____ no 

Pitot tube openings damaged? ____ yes (explain below) V no 

..., 

.:-- «10') 0.2= .3 -==---
«10') p, = '3 «5') 

---==---
;. f{- , 

9= /·S 

z = A sin Y = 

w =A sin 9 = 

0.188 in 

note; 

A= //"L in 

0,OV1 in « 0.125 in) 

on£.9 in « 0.031 in) 

('Q.3j , ,0.379.-1n (circle one) 

in p. = 

PA must equal p. 
IrO.188 in D" PA/P. must be 0.197-0.282 in 
IrO.37s in D,. PAIP. must be 0.394-0.563 in 

_'3.-«-_«5') 

in 

Does P AlP. meet the above criteria? if no. REPAIR/RECALIBRATE 

Comments: 

Repair/Calibration required? yes'" v no --- ----
·If yes, tag and lake out of service until repaired 

!gw4\:::li\cUemplalelJernns\prtcl xis, nlV. 101&'98J 



lID 

Thermocouple I.D. __71._0-7'Y'--_ 

Thermocouple Calibration Data Sheet 

Date T.e. Indicator 
Initials Reference I. D. 
Ambient Temperature (p) 'F 
Barometric Pressure ),9, tftJ "Hg 

Reference Thermocouple Temperature 
Temperature· Temperature· Difference** 

of 'F of % 
Ice Bath 

sl 32 
() 

.3Z 32 0 

:32­ 32... 0 

Boiling Water 
..2.1] 'zIt( I O·IS 

}.13 ,lIe.; / 0,/5 

.213 .2.1'/ I O./,:{ 

Hot Oil 
'1/'/ tjll.. ;). 0.;< 3. 

'/2 f '//7 Lj a. t.fs 
1./l. (p '-/2. L + o.'IS 

"Readings taken at one minute intervals 

"" (ref. temp.'F + 460) - (test T.e. temp:F + 460)/(ref.temp.F + 460) x 100 < 1.5 

lab#2fTCal.XLS 



Thermocouple LD. / /95""" -CJ3 

Thermocouple Calibration Data Sheet 

Date tY-21-9& 
Initials 4?P 
Ambient Temperature 
Barometric Pressure 

Mp of 
~q.?1 "Hg 

T.e. Indicator 
Reference 1.0. 

Reference Thermocouple Temperature 
Temperature* Temperature* Difference-

'F 'F 'F % 
Ice Bath 

32- 3'2- - -

32 32 - -
32 32 - -

Boiling Water 
.212 ;; I I 0.2. ( 

.212- 21/ ( 0.2-

21,2 .211 ( 0.2-

Hot Oil 
318 31;Z- f 0·:2. 

318 317- I tJ. I 

318 3/(0 .2 0.( 

'Readings taken at one minute intervals 

" (ref. temp."F + 460) - (lest T.e. lemp:F + 460)/(ref.temp':F + 460) x 100 < 1.5 

lab#2ITCaI.XLS 
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EMISSION MEASUREMENT CENTER 

APPROVED ALTERNATIVE METHOD (ALT-Oll) 


ALTERNATIVE METHOD 2 
THERMOCOUPLE CALIBRATION PROCEDURE 

INTRODUCTION 

In EPA Method 2, EPA recommended the use of an extrapolation technique for 
a simplified, post-test, thermocouple calibration procedure using a two 
point calibration: (1) ice bath and (2) boiling water. Because of the 
inherent accuracy and precision of the thermocouple within ±1.3DF in the 
range of -32DF to 2500DF, the two-point post-test calibration procedure may 
be replaced with a single-point check. 

A single-point calibration procedure that checks the operation of a 
thermocouple system within ±1.0 percent of the absolute measured 
temperature is all that is necessary to check the system for the presence 
of disconnected wire junctions, other loose connections, or a potential 
miscalibrated emf readout . A system that performs accurately at one 
temperature is expected to behave similarly at other temperatures. 

Therefore, an alternative to the Method 2, two-point, thermocouple 
calibration can be used and the procedure is as follows: 

ALTERNATIVE POST-TEST AND RECOMMENDED PRETEST CALIBRATION PROCEDURE 

After each test run series, check the accuracy (and, hence, the 
calibration) of each thermocouple system at ambient temperature, or any 
other temperature, within the range specified by the manufacture, using a 
reference thermometer (either ASTM reference thermometer or a thermometer 
that has been calibrated against an ASTM reference thermometer). The 
temperatures of the thermocouple and reference thermometers shall agree to 
within ±2DF. 

A crimp in the connecting wires or crossed lines that change the location 
of the reference junction will affect readings. Check the continuity of 
the thermocouple by subjecting it to a change in the temperature (e.g .. , 
removing it from the stack or touching an ice cube). This step will also 
check for loose connections and reversed connections (noted by a wrong 
change in the temperature) . 

To ensure linearity of the measurements, it is recommended that the emf 
meter be originally calibrated against a NIST traceable or a comparable 
voltage source at several points covering the range of intended use, e .g., 
0, 500, 1000, and 2000DF. 

I REFERENCE 

I 
1. Shigehara, R.T., E.W. Stewart, Kenneth Alexander, "Simplified 

Thermocouple Calibration Procedure", Entropy, Incorporated, contained 
in the EMTIC TSAR Library. 

Prepared by Michael K. Ciolek, EMC EMC ALT-Ol1 
EMAD, OAQPS, EPA June 21 , 1994 



Calibration Laboratory 

Company ID: AMT228 

AMTEST-AIR QUALITY, LLC 
30545 S.E. 84TH ST. #5 
PRESTON, WA 98050 

Instrument ID: 8359 
Manufacturer. ERTCO 

", 

Description: THERMOMETER, LIQUID IN GLASS 

ACCURACY: ±1.0°F 

Reason For Service: CALIBRATION 
Type of Cal: NORMAL 

As Found Condition: IN TOLERANCE 

As Left Condition: LEFT AS FOUND 

.... 

Procedure: NA-17-20ST-03 LlQUID-IN- GLASS THERMOMETER 

Remarks: 

Certificate of Calibration 
723810 

PO Number. 426398 

Model Number. ASTM59F 
Serial Number: 8359 

Certificate Page I of I 

Technician: JEFF OANIELS 

Cal Date: 09May2007 
Cal. Due Date: 09May2008 

Temperature: 23.0 C 
Humidity: 33.0 % 

Tilt! tn:lilnllnl'nJ UI/ t/I/.r c."t!rlljiC{l/ultl ho,r hcell (,ul,hrO/l:ri UKIlIn,fl,f,um]Uftl.f trlln:all/I! 10 Ihe Nufllmolln.rlflule (I/SwllriurJ.r and Teclllw/ul-{Y (NIS7} tlr ulher rCL'(IKlli;:t!J 

1/(lliml(lllnf!/TlI/nK)' In,flllute.f, ticnvt!J from ratiu typt: III1:u.mrmrnf.r, or compared w (mimI/ally IIf IIl1eflllllitJtlully rt!f!(lKllfzr:d ,'fl/ISCIIUlf Handunk 

A fe.rl urrcertOlflty rutio (I:CI.II) (if./: 11K -1, oppmz. 95" CtmjiJcnce J.cw:11 war II/ail/Ill/lleu Jllllt!u Ufhcnl';.I{! .flall!d 

/)l)I'I.f Imuck Imtrumell/,\' ('u/thraliofl /.ohnralfJry I,r "cmfit!ri III/SO 90()/:10(}(J hy HoxIe Rt!J(iMrUlifln.f (L-erlljimlc :: 3fU6). /.ab Opcrolfllll.t mee//he requm:lllent.f (if 

AN,\'{ NCW. 7.5./0·1·199-1, ISO WOll, IO(TIlJO AppKH, alld {()('FRll. 

I.W) me /7025·]O()J oct'n:diled colibrallfJn.r on: pcr A('{.ASS cerlljicofc /I A('·112 J willllll Ihe .r"t'f'I! Iilr .!'Iud, Ibe lab ;.f (lct:rt!dllcd. 
All rt!.tulu t'ontuined M'IIMII In", ,'erllfictfli(ln rdale ,mly In ilelll(S) cailbmletl. Any nUn/hcr,if /I1C/(Ir., may CtfU.ft: 'he ,'ulinrmwn Ilem If/ ,/rift filii fif Cflflhralifl/l hefnrc fht: 

lII.ftrmnt:II(',r callhralilltl lnft:rv,,1 hU.f t:zJI;red. 

NIST Traceable# 

50BB77 

422943 

11/1.~ cerujicale .thall (IfJl he reproduced ez.ct:pt infitll alttl will, tne worllfen ,'n(l.rel/l of Ot/I'U {nllfd Jllrtrlllllr:nt, ('ailMa/i,m l,ahtJraffuy. 

Insl.ID# 

01-1107 

21-0023 

Approved By: SUNHEE PAIK 

Service Representative 

Description 

STANDARD SPRT (lNCONEL SHEATri) 

SUPER THERMOMETER II 

Model 

5680 

1590 

Cal Date Date Due 

07Feb2007 07Feb200B 

2BNov2006 2BNov2007 

Davis Inotek' 4701 Mount Hope Drive· Baltimore, MD 21215· Phone: 410-358-3900' Fax: 410-764-2828 
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c I G T A L 

CO I C02/ CB41 e2B81 S021 02 
Infrared 1 Paramagnetic Oxvuen Multi-Component Analyzer 

FEATURES 
• Measures from 0-50 ppm up to 100% Full Scale 

(CO! CO2 ! CH, / CoHo / S02) 
• Measures Oxygen (0.) from 0-1% up to 100% 
• Mulli-Component 
• Four User Definable Ranges per Component 
• Fast Response lime 
• Auto Ranging / Auto Calibration 
• Comprehensive Diagnostics 
• Temp. & Barometric Pressure Compensation 
• Output Options: Analog (User Scalable), 

(RS232) using AK Protocol & TCPIIP 
• Displays & Outputs: Concentrations, Diagnostics, 

Alarms & Preventative Maintenance 
• Remote Monitoring & Control 

CalifornIa Analytical Instruments, Inc~ 

1312 W. Grove Avenue, Orange, CA92865-4134 
Phone 714 974 5560 • Fax 714921 2531 

www.gasanalyzers.com 



Series 600 
NOIR/02 Analyzer 

DESCRIPTON 
The California Analytical Inc. Models 601·2·3 
NDIR/02 digital analyzer product line Is 
designed around a stale of lile art 16 bit micro· 
processor, with 16 digital inpuls, 16 digital 
outputs, 16 analog inputs and 4 analog outputs. 
The analyzer can be manually operated from 
the keypad or remotely via TCP/IP, RS-232C 
communications and discrete inputs. The 
analyzer display inctudes screen presentation 
of all analyzer alarms. Four levels of password 
protection are provided. For precision 
measurements, the analyze~s accuracy is 
increased by entering calibration curve fit 
polynomials. Automatic calibration may be 
activated locally or remotely and includes auto 
cal via preset times. 

1 

SPECIFICATIONS 
IR Analysis Metholl: Non-Dispersive Infrared (NDIR) 
NOIR Components: CO 1 C02 1 CH, 1 C3H.1 S02 
Detector Type: Mlcroflow 
NDIR Ranges: From 0-50 pprn up 10 0-100% 

11\\ (Dependent upon gas & cet! length) 
• Range Ratio: 50:1 (Highest Range/50=Lowest Range) 
1 t Response Time (IR): T90 <2 Seconds to 60 Seconds rii Adjustable (Depending on configuration) b" IR Sample Cell: Stainless 81eel w/Replaceable gold celt tiner 

Resolution: 0.0001 (Displays 5 Significant Digits) 
Repeatability: Better than 1.0% of Full Scale 
Linearity: Better than 0.5% of Full Scale of Factory 
Calibrated Ranges 
Noise: Less than 1 % of Full Scale of Factory 
Calibrated Ranges 

. ~~. 
" ", ~~ 

" 

METHOD OF OPERATION - NOIR 

~·S Zero & Span Drift: Less than 1% of Full Scale per24 Hours 
Zero & Span Adjustment: Via front panel, TCPIIP or RS-232 ,~. 
Sample Flow Rate: 0.25 to 2.0 LPM (Consult Facio,), I .. othe' "ow ..... ) i" ,,; 

-.' 'f! 

The California Analytical Instruments' NDIR 
:.til . analyzer is based on the infrared absorption 
~/;~. characteristics of gases. Using a single infrared 

beam to measure gas concentrations, this 
analyzer produces highly stable and reliable 
results. A single infrared light beam is 
modulated by a chopper system and passed 
through a sample cell of predetermined length 
containing the gas sample to be analyzed. As 
the beam passes Ihrough the cell, Ihe sample 
gas absorbs some of its energy. The altenualed 
beam (transmittance) emerges from the cell and 
is introduced to the front chamber of a 
two·chamber infrared microtlow detector. The 
detector is filled with the gas component of 
interest and consequently the beam experiences 
fUl1her energy absorption. This absorption 
process increases the pressure in bolh of the 

< chambers. The differential pressure between 
the front and rear chambers of the detector 
causes a slight gas flow between the two 
chambers. This flow is detected by a mass-flow 
sensor and is converted into an output signal. ~;':---": 

I'''';' i: .. :~l' METHOD OF OPERATION - O2 (' . 
'f. The California Analytical oxygen analyzer 

If .. j": section utilizes the paramagnetic method to 

li:.:::· : ~etlermine thl e perceTnht level of 0lxyge
l 
~ cd~ntal ined

d ,,': f ; III t 1<3 samp e gas. e oxygen eve IS ISP aye 
'~';" on the LCD panel in engineering units. "~ 

Oxygen Analysis Method: Paramagnetic 
02 Ranges: 0·1 % up 10 0-100% 02 Fut! Scale, 
Four Definable Ranges 
02 Response Time: T90 < 2 Seconds 

600 SERIES FEATURES: 
Outputs available: TCPII P, RS232, Four Scalable Analog 
0·' OV /4-20mA (AlloWS Offset & Expandabta Range DC Analog OUlputs) 
Discrete Control: Remote/Local Controt, Range Change, 
Range Sense Mode (At! TTL Logic) 
Discrete Alarms: (Local & Remote adjustable) 
Generat FaultlTTL Logic (Ground True) 
Calibration Failurel TTL Logic (Ground True) 
Concentration (2 each) TTL Logic (Ground True) 
Digital Diagnostics: Pressure - Pressure Control Voltages, 
Temperatures - Flow Parameters 
Keypad Displays: Factory Settings, TCP/IP address, 
Passwords(4), Scalable Analog Output Voltages, 
Fut! Scale Range Select, Auto Cal TImes 
Special Features: Auto Ranging, Data Streaming, 
Auto Calibration (adjustabte through internat clock) 
Display: 3" x 5" Back lit LCD 
Sample Temperature: Up La 50'C, Non-condensing 
Ambient Temperature: 5 10 45°C 
Ambient Humidity: Less than 90% RH(Non-condensing) 
Fittings: 1/4 Inch Tube 
Power Requirements: 115/230 (%10%) VAC; SO/60Hz, 
300 walls maximum 
Dimensions: 5-1/4"H x 19"W x 23"D 
Weight: 30-45 Ibs. (Depending on configuration) 

Specilicalio."lS subject to change ","1thout notioo. 

California Analytical Instruments, InCa 

1312 W. Grove Avenue, Orange, CA 92865 
Phone 714 9745560 • Fax 714 921 2531 
www.gasanalyzers.com 

I 
I 



Model 721AT 

502 
Analyzer 
Continuous Emission Monitonng 

Benefits and Features 

V EPA certiliable. 

v Wide dynamic "dual range" capability. 

v Single point calibralion. 

v Seven user selectable outputs. 

V Portability. 

v Reduced maintenance. 

v Slarl-up time - 5 minutes. 

Specifications 

v Accuracy - Iypically ±0.5% of lull-scale. 

v Electronic Response -90% in less Ihan 
three seconds. 

Western Research 

v Sensitivity - better Ihan ±0.5% of full-scale. 

v Zero and span check (manual) - recommended 
frequency once per 24 hours or per 
EPA requirements. 

v Electrical requirements - approximalely 50 watts, 
120 ±10% 50-60 Hz or 220 V ±10% 50 hz. 

v Weighl - 27 Ibs. 

V OUlpul signals: lield selectable 0-100 mV, 200 m\/, 
500 m\/, 1 DO\/, 2.00\/, 5.00V or 10.00V - two of 
which are available simultaneously for each range. 
Isolaled 4-20 mA oulput available. 

V Area Classification - General Purpose. 

v Sample gas flow rate - non crilical 1-2 litres/min 
(2-5 SCF/H) 

v Stability (zero drift) - better Ihan ±0.5% 01 
full-scale in 24 hours. 

v Permissible ambient operating temperature 
15-35'C (59-95'F). 

v Temperalure slabilily: 0.25 percenl per'C (15-35'C). 

Head 1313 - 44 Ave. N.E. 
OHiee: Calgary, Alberta 

Canada, T2E 6L5 
TEL: (403) 291-1313 
TLX: 03 827569 
FAX: (403) 291-1128 

PllIllecl In Canada by Rona1cfs Punrng ltcl 

V Non condensing operallng conditions. 

US. 122, 1300 Soulh Polo mac 
OHiee: Aurora, Calilornia 

80012 
TEL: (303) 751-8990 
.TLX: 00 62936430 
FAX: (303) 751-8994 

Representatives Europe, Middle 
fn: East, Soulh 

America, Asia 
and Pacific Rim 
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721AT7. ANALYZER DATA 

S/fl 10 -721AT2 .-'7)~?..... 

CUSTDMER: A r~1 res-r /,\1 C 

LOCATION: 1Ji(S1i. 
~~~------------------

P. O. #: __ -"'O....!.Y'-'7'-'C,"--______ _ 

CALIBRATION 

./ 

CELL LENGTH J 5 , 0 em 

u 0 mm Hg CALIBRATION PRESSURE 

CALIBRATIOH TEMP. 2) DC + 273 ; :2, t oK 

MOLAR ABSORBTI VITY CONSTANT "k" ;J ~.r 

ELECTRONIC SPAN VALUE <60Cf ppm 

SCALING RATIO ,;;",,;/ Ippm 

RANGE 1 

.J-ou 
f) . { 

/.0 

ppm 

VDC 

VDC 

FULL SCALE 

LOli OUTPUT 

HIGH OUTPUT 

VII __ rnA 

LAI~P TYPE .)fYI&1 IM8 

PMT TYPE «<r J.J I{ /I 

RANGE 2 

.koppm 
tJ .( VDC 

/. 0 VDC 
~ 

rnA 
----' 

11EASURING pr~T 

REFERENCE PMT 

I~EASUR IIIG FI L TER I1AVEWJGTH :2}( nIl 

REFEREtKE FILTER liAVELENGTH )65/ nM 

SiN / A U 56/ 

SiN Yc..6u3t 

SIN 

SiN 90 -04 

46-01/89-721AT2-0494C 



PRIt-tARY OUTPUT CARD 

TJl (DPM) tHQ Vdc 
TJ2 (AGC1) 3Ll'1 Vdc 
TJ3 (AGC2) ~.S"(, Vdc 

TJ4 (Iavg) 't. I9() Vdc 
TJ5 (Ml) '1 . Do Vdc 
TJ6 (M2) 7 . q j5' Vdc 
TJ7 (M1B) Y·n Vdc 
TJB (J~2B) <-(.:>b Vdc 

TJ9 (OPACITY) O·OC) Vdc 

SECONDARY OUTPUT CARD 

J Ut~PERS 

JHl (f) B C (Q) 
JH2 cQ(£) C D 

JH3 ~:.eD 3 4 5 6 7 8 

JH4 2, 3 4 (]) 6 7 8 

JHS 1 Z 3 4 5 6 7 8 

JH6 CD 2 3 46) 6 7 8 

JU1~PERS 

JHl 
, ~c

JH2 A C D 

JH3 A C D 

JH4 cDB @ D 

SWITCHES 

SW1-l CAL 

SWl-2 RO I SPAN~ 


HARD WIRED JU1WERS 

JWl JI~6 


JW2 JW7 


JTIPar 

~~ 


Rev.O 

8/88-0494C 



721AT2 ANALYZER DATA 

LAMP POWER SUPPLY 

TEST POINTS 

~ 

TPl /11'.1) Vdc (OC1) 

TP2 /tJ. is Vdc (OC2) 

TP3 (Scope Measurement) 

Base O. fa Vdc 

~1easuring Pulse 8.8'0 Vdc 

Reference Pulse 

T J 1 I 

2-00 Vdc 

'I. (j)D Vdc 

JUr~PERS 

JHllY 3 

JH2 CD 3 

JH3 CD 3 

/!J1J'; t~easured Across TB2 Terminal s 
avg 

LA~lP VOLTAGE 

DETECTOR CARD 

TEST JACKS TEST POINTS 

TJl (AGC1) 3· "'1 Vdc TPl (RSIG1) -0 .8v Vdc 

TJ2 (AGC2) 5 5-(' Vdc TP2 (RSIG2) -0 '-0 <) Vdc 

TJ3 ( Rl) 8'Uj Vdc TP3 (t~SIGl ) -O.'10Vdc 

TJ4 (R2) 8.05'" Vdc TP4 (MSIG2) ·-0.80 Vdc 

TJ5 (IH ) 9{)" Vdc TPS (PMTSIG1) -1./1 Vdc 

TJ6 (,.,2) 1. q~ Vdc TP6 (PMTSIG2) -I·('i Vdc 

SWITCHES 

SHl -1 i] /·1ANUAL 
SWl-2 MMlUAL 
Sin -3 ~ OFF 
51.'1-4 OFF 

Rev. a 

8/88-0494C 



INSTRUCTION MANUAL 


MODEL 42 


CHEMILUMINESCENCE NO-N02-NOX ANALYZER 

DESIGNATED REFERENCE METHOD NUMBER 
RFNA - 1289 - 074 

THERMO ENVIRONMENTAL INSTRUMENTS INC. 
8 WEST FORGE PARKWAY 
FRANKLIN, MA 02038 
TEL: (508) 520-0430 
FAX: (508) 520-1460 

PIN 1687 

This Manual Issued For: 

Serial No. 

Program 

Options 

Date 

Revised 
2/12/92 
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c. SPECIFICATIONS 

Ranges 

Noise 


Detection Limit 


Zero Drift (24 hour) 


Span Drift (24 hour) 


Rise, Fall times (0-90t) 


Linearity 


Sample Flow Rate 


Vacuum 


Power Requirements 


Physical Dimensions 

Weight 

outputs 

0-10, 20, 50, 100, 200 500, 1000, 
2000, 5000 PPM 

25 PPB 

50 PPB 

50 PPB 

+/- U Full Scale 

2.5 seconds NO 
5.0 seconds NOx 

+/- 1t Full Scale 

25 cC/Min. 

28.5" HG 

500 Watts 
115 + 10 Volts 
220 + 20 Volts 
50/60 HZ 

17~ W x 0 3/4" H x A~" D 

70 1bs. (including external pump) 

NO, N02' NOx: 
Selectable Voltage 
4-20 ma 



AIR QUALITY, LLC 

NO, TO NO CONVERTER EFFICIENCY TEST 
AMTEST AIR QUALITY, A DIVISION OF HOEFLER CONSULTING GROUP 

Analyzer 10: 
Converter Type: 
Date: 
Operator: 
Procedure: 

Thermo Model 42H #1 
Molybdenum Converter @ 325 degrees C 
July 19, 2007 
Farwell 
Method 20 Section 5.6.1 

Converter Performance Test Result: Acceptable Performance 

NO, Converter Test 

53 

&. 51 
0. 
• 
~ 50 

49 

48 +-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0;) '), ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Time (minutes) 

Nitrogen Nitrogen 
Time Oxides Time Oxides 

(minutes) (ppm) (minutes) (ppm) 

1 51.73 16 51.61 % Difference: 
2 51.81 17 51.61 
3 51.81 18 51.53 
4 51.82 19 51.50 
5 51.80 20 51.51 
6 51.81 21 51.42 
7 51.84 22 51.41 
8 51.84 23 51.38 
9 51.81 24 51.36 

10 51.75 25 51.32 
11 51.69 26 51.37 
12 51.68 27 51.32 
13 51.68 28 51.30 
14 51.65 29 51.31 
15 51.66 30 51.29 

0.9 



INTERFERENCE RESPONSE TEST 
AM TEST-AIR QUALITY, LLC 

Analyzer ID: Thermo Environmental Instruments, Inc. Model 42H #1 
Date: March 20, 2001 
Operator. ASP 
Procedure: Method 20 Section 5.4 

Interference Response Test Result: Acceptable Performance· 

Span Gas Concentration: 49.7 
Analyzer Span (0- _): 100 

Test Gas Type Gas Cylinder Concentration Analyzer Response 
Number (ppm) (ppm) 

Carbon Monoxide 499 
Sulfur Dioxide SG9150893 204 0.31 
Carbon Dioxide 10.1 
Oxygen SG91367563 21.4 0.0 

In!erferenceResponse 



-r..c Thermo Environmental 
Instruments Inc. 

Model 48 
For Continuous 
Ambient Air 
Monitoring 
Thermo Electron's Microprocessor 
Based Model 48 Ambient CO Analyzer 
proYides unequaled ease of operation, 
reliability, precision and specificity. The 
unique Gas Filter Correlation principle of 
operation offers the significant advan­
tages of unequaled specificity and sensi­
tMty and increased resistance to shock 
and vibration. 

Key Features 

• Microprocessor Based 

• Automatic pressure and temperature 
correction 

• Dual fully independent outputs standard 

• Hourly average output standard 

• Lower ranges, wide dynamic range 
(suitable for both ambient and source) 

• Highly specific to CO 

• Long term zero and span stability 

• Vibration and shock resistant 

• Powerful diagnostics made possible by 
microprocessor 

• Unear through all ranges 

• Unaffected by changes in flow 

• Self-aligning optics 

• U.S.A.-EPA reference method RFCA-
0981-{)54, range 0-50ppm time con­
stant- 30 seconds 

)~s Model 48 

Gas Filter Correlation 
CO Analyzer 

Model 48 Specifications 

Ranges 

Zero Noise 

Minimum Detectable Umn 
Zero Drift, 24 Hours 
Span Drift, 24 hours 

Rise/Fp1I TImes (0-95%) 
(atl~flow, 30 second 
integration time) 
Precision 
Unearity 

Flaw Rate 
Rejection Ratio 
Operating Temperature 

Power Requirements 

PhysIcaJ Dimensions 
Weight 

Dual Outpuls (standard) 

0-1, 0-2, 0-5, 0-10, 0-20, 0-50', 0-100,0-200, 
0-500,0-1000 ppm 
0.05 ppm RMS - Wrth tima constant = 30 
seconds 
0.10 ppm 
±0.2ppm 
± 1% Full Scale 

I minute 

±0.1 ppm 
±1% 
1 Ipm standard 
Negligible interference from water and CO, 
Performance specifications maintained over 
the range 15- 35' C (may be operated safely 
over the range 5-45' C) 

100 Walts; 
105-125 VAC, 60Hz; 22O-240VAC 
SOHz 
17" wide )( 8"" high )( 23' deep 
45lbs. 
Selectable to 0-1 OmV, 0-1 OOmV 
0-1V, 0-5V, 0-10V; digital display; 1 hour inte­
grated value. Other outputs available upon 
request (402Oma, IEEE488) 

, See Federal Register, Tuesday, February 1 B, 1975, Volume 40, Number 33, Part II for 
definitions and Federal specifications. Pertormance specifications over 15-35'C 
range. 



Principle of Operation 

The basic components of a Gas Corre­
lation System are illustrated in the 
above diagram. Radiation from an 
infrared source is chopped and then 
passed through a gas filter which alter· 
nates between CO and N, due to Rota· 
tion of the filter whee/. The radiation 
then passes through a narrow band· 
pass filter and a multiple optical pass 
sample cell where absorption by the 
sample gas occurs. The IR radiation 
ex~s the sample cell and falls on a 
solid state IR detector. 

• ~ Thermo Environmental 
,... Instruments Inc. 

Rot ating 
Gas Fil t er 
Wheel 

Sample Out 

c::::J c::::J CJ c::::J CJ CJ 0 0 CJ ,-, J:;"T'r-1 

o 
Mult iple Optical Pass 
Sample Cell 

:' if .' 

" "';";:'" 

';: ,X:<,';:> A;}Y A·.::~". ;' .. ; . ".; :.;<&~{} 
: :., ':' .... ,: ~,'7: ' , ' ":" •. ..• :-• 

The CO gas filter acts to produce a 
reference beam which cannot be fur· 

, ,~" 

Options 

. '; ~ ;;',f~~.~c.: .. ~ 
, ;:. , -

ther affected by CO in the sample 48-001 _ Particulate Filter 
chamber. The N, side of the filter wheel - -'" 
is transparent to IR radiation and'---1.8~0_0:! ~?Rack Mounts 
therefore produces a measure beam 
which can be absorbed by CO. The 
chopped detector signal is modulated 
by the alternation between the two gas 
filters with an ampl~ude proportional to 
the concentration of CO in the sample 
chamber. Other gases do not cause 
modulation of the detector signal since 
they absorb the reference and mea· 
sure beams equally. Thus, the Gas 
Filter Correlation System responds 
solely to CO . 

48-003 - Remote activation of zero 
and span solenoids. 

8 West Forge Parkway 
Franklin, MA D2D3B 

(SOB) 520·0430 FAX: (SOB) 520·1460 
Telex: 200205 THEMO UR 

Printed In U.S.A 10/ 89 5M 
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HEATED 
NON METHANE 
HYDROCARBON 

ANALYZER 

MODEL 109 A 

The Model109ANon Methane Hydrocarbon Analyzer is a compact, 
heated analysis system using the FlO (Flame Ionization Detector) 
principle. For easy maintenance it has been modularly constructed. 
No additional sample handling equipment is required. The sample 
pump, the sample filter and all pressure and flow regulating compo­
nents are built in. All sample wetted parts of the Model 109 A are 
operating at a temperature of 374 degrees F or above. To avoid 
reading errors due to calibration gas pressure fluctuations, the 
analyzer has an integral calibration gas overflow system before the 
sample filter. 

The permanent sample filter is cleaned by backpurging and has a 
replaceable stainless mesh filter disc. A rear adapter plate allows 
quick installation of a heated sample line inside of the oven without 
the need for special tools. 

Features 

• Simultaneous Signal of: 

a) Total Hydrocarbon 
b) Methane 
c) Total He less Methane 

• 19 Inch relay rack mount 

• Modular construction 

• Permanent sample filter 
with replaceable filter disc 

• Auto filter purge option 

• Fast response 

• Low sample flow rate 

• Dual detector I Dual Amplifier 
design 

Applications 

The J.U.M. Model 109 A 
Non Methane Hydrocarbon Analyzer 
has been designed for Industrial 
needs as follow 

• Raw automotive and diesel exhaust 
analysis 

• Stack gas emissions monitoring 

• Ambient air monitoring to low 
concentration levels 

• Thermal reactor and combustor 
emissions monitoring 

Model 109 A 0 Bulletin 17057 



Principle of Flame Ionization Detection 
The Model 109 A uses the Flame Ionization Detection (FlO) method to 
delermlne the presence 01 lolal hydrocarbon, and methane concentralions 
in a gaseous sample. Burning hydrocarbon Iree hydrogen in an almosphere 
of hydrocarbon rree air, produces a negligible number of ions. A hydrocarbon 
sample Introduced lnlo this flame slarts a very complex lon!zaUon which 
creates a larger number of ions. ApoJarizing high vortage is applied between 
two electrodes around the burner jel and produces an electrostatic field. 
Positive klns migrate 10 the collector electrode. and negative ions migrate 
\0 the high voltage electrode. The so generated ionization current belWeen . 
the two electrodes Is directly proponional to the hydrocarbon concentration 
in the name and is measured by the electrometer amplifier. 

Description 

Standard specifications: 

Analysis Method: 
Sensitivity: 
Response Time: 

·Zero Drift: 
Span Drift: 
Lmearily: 
Oxygen Synergism: 
Ranges: 

Outputs: 

Display: 
Zero/Span Adjust: 
Fuel Consumption: 

Flame Ionization Detector (FlO) 
Max.: 1 ppm CH. full scale 
90% 01 fult seale in I second (THC) 
4 seconds INMHC) 
1,5% 01 fuJI scale per 24 hours 
1,5% of full scale per 24 hours 
Within 1% 
Less then 1 % of selected range 
Any five 01 the following: 
0-10,100,1000, 10,000.100.000 ppm 
or50, 100.500, 1000,5000. 10,000 
or 0-100% LEL or other 10 be specified 
0-10 Vo~s D.C. 

Digital 
Manual on fronl panel 
Hydrogen: 40 ccJmin at 22 psig (1,5 Bar) Matched dual hydrogen flame Ionization detectors are used in the J.U.M. 

Model 109 A to separate methane and non-methane hydrocarbons. A 
common sample is introduced into detector (#1) di tectlyvia sample capillary 
and In10 detector (#2) via a proprietary desIgn non- CH~ hydrocarbon ruHer. 
The cutter oxidizes and removes all hydrocarbons except methane. 
Detector #1 therefore detects all hydrocarbons (THC) including methane, 
while detector #2 detects only methane (CH.). The outputs of the two 
detectors are coupled 10 individual electrometers. The dual detector dual 
electrometer design provides a real time anatysis of methane only (CH.). 
total hydrocarbons including methane (THe) and total hydrocarbons less 
methane (NMHC). Individual analog outputs and digital front panel meters 
are provided ror all three gas components. 

40C'1a H2"'6OC'..4 He: 160 cclmin at 22 psig (1.5 Bar) 

FLOW DIAGRAM 

Analysis Temperature: 
Power Requirements: 

Ambient Temperature: 
Dimensions: 

Weight: 

Adjuslable 200 \0 400'F (93 \0 204 'C) 
110 Volts, 60 Hertz ACt BOO Walls 
220 Volts, 50 Hertz AC. 800 Watts 
(other on request) 
41 ~F to 110~F (5 to 43~C) 
Width 463 mm (19 inch) 
Depth 460 mm (18 inch) 
Height 132 mm (5,19 inch) 
41Ibs(19kg) 

OUTLINE 
DIMENSIONS 

-------

I , 

, -
• . ! 

I ... 

483mm 
19 Inch .. - I ; ....... -. 

·.1 • 

221 mm 
8,65 Inch 

. - .• ~.-' ---------........•. _._----_._------- _ .---

J.U.M. Engineering Ges.m.b.H.: reserves the righi, aL any time and wIthout notice, to change specifications presented withIn this data sheet. 
and assumes no responsibility for the application or use of devices herein described. 

Warranty 
J.U.M. Engineering Ges.m.b.H.: warrants each new unit of its manufacture to be free of defects in material and workmanship for one year from the 
date or delivery. 

Made in Germa~ © J.U.M. Engineering GmbH 

J.U.M. Engineering Ges.m.b.H. 

LiebigstraBe 13 
85757 Kartsletd 
Phone 011-49-8131-98795 
Fax 011-49-8131-98894 

9205282.1i1 

Represented By: 

9205111147 

J.U.M. of North America Inc. 
26677 West 12 Mile Road 
Soulhfietd, Mi. 48034 
USA 
Phone (810) 354-0100 
Fax (810) 354-0060 

Printed In Germllny '995 
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CERTIFICATE OF ANALYSIS 
Interference-Free Multi-Component EPA Protocol Gases 

Note: Analytical uncertainty and NIST traceability are in compliance with EPA-600/R-97/121 
Section No. 2.2, Procedure. G-1 

Customer: PACIFIC RIM OXYGEN SERVICE INC 
TUKWILA,WA 

Cylinder Number: CC180131 
Shipping Order Number 
Transfer Number: 

22034374 

P.O. Number: 200134 
Item Number: 

Lot Number: 
Valve 
Cyl. Pressure;" 

SFS99513 
CGA590 
2000 PSIG 

Assay Dale: 2B-Aug-05 

Component 
Carbon Monoxide 
Carbon DioxIde 
Oxygen 
Nitrogen 

Reference Standard Employed For Analysis 

COl'1celllralion 

Analvsls InformatIOn 

1002 
21.93 
2241 

Com onent 
Anal zer InformaUon 
Manufacturer: 
Model Number: 
Senal Number. 
MPR usl C.librlilld: 
Analytical Prindple: 

Com onent 
Anal\fZer Information 
Manufacturer: 
Model Number. 
Serial Number. 
MPR La" Calilraled: 
Analytical Pr~'1ciple: 

Com onent 
Anal zer Information 
Manufacturer: 
Model Number. 
Serial Number. 
MPR lilst Cllibratad: 
AflaMcal Pmciplo: 

, 
• • 

7 
OIl 
010 

Carbon Monoxide 

Vari'ln(BJ 
3400 
2806 

08128106 
FlO & TCD 

Carbon Diexide 

VariantS) 
3400 
2806 

08/08106 
FIO& TCD 

0, .n 

Varian[S) 
3400 
2806 

08/15/06 
FID & TCD 

ppm 
% ,. 

Zaro 
Reference 
Candidate 

Result 
Evaluation 

Z,ro 
Reference 
Candidate 

Result 
Evaluation 

Zero 
Reference 
Candidate 

Result 
Evaluation 

Expiration Date: 21-Aug-09 

Comoon.n! 
Carbon Monoxido 
Camon Dioxide 

"""eo 

First Triad Anal sis 
Trial 1 

0 
1002.9 
915.8 
Q15.0 
VALID 

Requested 
Concentration 

900 ppm 
22 % 
22 % 

Balance 

BaLanco CvI_No. 
Ni\rogen CCB8363 
Nilroglln CC55253 
Nilrogan CC62!35 

812112006 
Tnal2 Tnal3 

0 

,,~, , I 10030 
918.2 915.1 
917.3 917.0 
VALID VALID 

MEAN ANAL YTJCAl RESUL T: 

First Triad Anal sos 812112005 
Trial 1 Tnal2 ,oal3 

0 0 0 
21.9-4 21.115 21.95 
21.99 2202 22.00 
21.98 22.00 2198 
VALID VAll) VAllO 

MEAN ANALY1ICAl RESULT: 

First Triad Allar SIS 812t/200G 
T[1a11 Trial 2 Tnal3 

0 0 0 
22.45 22-(3 22A2 
22.01 2202 22.01 
21.g7 22 DO 2200 
VALID VALID VALID 

MEAN ANAL rlCAl RESULT: 

SRM 
NTRM No. Em. Dale 
SFS753Cl5 12116107 

"$OBD1 0612"'" 
8265gx 09101106 

Units 
'Pm 
ppm 
ppm 
ppm 

9164 m 

Units 
% ,. ,. 
% 

21 99 % 

UMs 
% ,. 
" % 

21 99 % 

Analylt: -~-I'fLL,,:,c.,",!L;I'-___ EI1c SalTon 

'C)'flnder Ihould nol be used whlln gas 
prellure Is below 150 pli; 

Assay 
Concentration 

917 ± 
22.0 ± 
22.0 ± 

8ali:lnce 

Sample No. 
SJ 
PO 

911080603 

11 ppm 
0.2 % 
0.3 % 

Type 
GMIS 
GMIS 
NTRM 

Second Tnad Anal sis 812812006 
Tnal1 Trial 2 Toal3 

Ztli"O 0 0 0 
Reference I[NJ.J 10030 1004.rJ 
Candidate 917 8 Q20.6 921.2 

Result 91e.4 919.9 916.8 
EvaluatiOn VALID VALID VAllO 

MEAN ANALYTICAL RESUL T: 

AIR L1QUIDE AMERICA, L.P. Region Office. 8832 Dice Road, Santa Fe Springs. CA 90670-2516 
Phone' (552) 945-1383. Fax' (562) 693-1!56 

Units 
ppm 
ppm 
ppm 
ppm 

9183 m 
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CERTIFICATE OF ANALYSIS 
Interference·Free Multi·Component EPA Protocol Gases 

Note: Analytical uncertainty and NIST traceability are in compliance with EPA~600/R~97/121 

Section No. 2.2, Procedure . G~1 

Customer: PACIFIC RIM OXYGEN SERVICE 
TUKWILA,WA 

~.o. ~umber: 200190 
Item Number. 

Issay Dale: 16~Apr-07 

Component 
Carbon Monoxide 
Oxygen 
Carbon Dioxide 
Nitrogen 

.• eference Standard Employed For Analysis 

Concer1lfa lion 

Analysis Information 

IOOl 

'0" 7.01 

Com onent 
Ar;at er Information 
Manufacturer. 
Model NUII\ber 
Serial Number. 
MPR L81t Ca'brlted: 
Analy~cal Principia; 

, , 
7 

0.7 
D.'" 

0, '" 
Vanan!BJ 

3400 
2806 

03118107 
FlO & TeO 

ppm 

" ~ 

l.ro 
Reference 
Candidate 

Result 
Evaluation 

Cylinder Number; CC143844 

Expiration Dale: 12-Apr-10 

CO~ " Carllon Monc»adl 
OlYQln 

Carbon DioXIde 

1002 
<482."''' 
<182 " 

FlfSt Tnad Anal SIS 
Trial , 
c.on ..... 
11.907 
1202 
VAllO 

Requested 
Concentration 

475 ppm 
12 % 
12 % 

Balance 

aalance CYI No 
.• ~~M 

NTRM No 
N,1rcg6n CC68363 :~:!S305 
N .... ' CC16683 SFSl6160 
N...." CC32~5 SFS12252 

I 
tiC;" 

1007.09 1009.41 ppm 

"'80'" -48039 ppm 
<478.2 <478.9 ""'" I 

4/1212007 
Tnar2 roall VMs 
O.OlS 0 021 " .903 lI.e9 " 11902 11 .883 " 12.02 12.02 " VAllO VALlO 

MEAN ANAL YTI':Al RI;.SUl T: 1202 

1I.ge l 
11 .914 
12.00 

8971 
11937 
1200 , 

8959 
11928 
1202 

" " ~ 

_E~OaI8 
12111iAll 
07l15JfJ7 
1~71t18 

" 

Shipping Order Number 
Transfer Number: 
Lot Number: 
Va~/e 

CyJ. Pressure:· 
·Cyl.ndet should not btl used when gil 

praUUla is bllow 150 pslg 

Assay 
Concentration 

479 ± 
12.0 ± 
12.0 ± 

Balance 

San:.!!..kl No 
SJ 
SO 
CR 

6 
0.1 
0.2 

""" GMrs 
GMIS 
GMIS 

95957 
~56.57 

47S8 

AIR LIQUIDE AMERICA, L.P. Region OUice., aa~2 O'ce Road, Sal':la Fe Sp:;oQs, CA Cl067fJ·25 16 

Pr:(.ne (562) 945,'333 ., Fax: (5G2) 693·1155 

24758866 

SFS106842 
CGA 590 
2000 PSIG 

ppm 
% 
% 

957.611 
457.82-
4781 

ppm 

""'" ""'" 
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CERTIFICATE OF ANALYSIS 
Interference-Free Multi-Component EPA Protocol Gases 

Note: Analytical uncertainty and NIST traceability are in compliance with EPA-600/R-97/121 

Section No. 2.2, Procedure. G-1 

Customer: PACtFIC RIM OXYGEN SERVICE INC. 
TUKWILA,WA 

P.O. Number: 200172 
Item Number: 

Assay Date: 30-Jan·07 

Component 
Nitric Oxide 
Sulfur Dioxide 
Carbon Monoxide 
NO. 
Nitrogen 

Rererence Standard Em 10 ed For Anal sis 

Concentration 

Analysis Information 

502 
51.0 

50.74 

Com onent 
Anal er Infon118lion 
Manufacturer. 
Model Number. 
Senal Number. 
MPR last Cellbnlled: 
Analyti::al Prlndple: 

± 

• • 
OA 

" '<1 

Carbon Monoxide 

MKS Instruments 
2031 

10367276 
01/U4!07 

FTIR 

ppm 
ppm 
ppm 

Zero 
Reference 
Candidale 

Result 
Evaluallon 

Cylinder Number: CC253351 

Expiration Date: 30.Jan-09 

Requested 
Concentration 

50 ppm 
50 ppm 
50 ppm 

Balance 

Com!XInenl Bai<.", Cv!, No. 
SRM.G~IS 
NTR'M No. Em Da(e 

Nltnc OxicIo 
Sulfur Dioxide 

Carbon Monoxide 

.49.721 
50.459 
50.9.4 

NiIlOQ"" 
Nitrogen 
Nitrogen 

.49.612 
50 . .458 
51.05 

CC148644 
CC70191 
CC62360t 

.49112.4 
50..435 
51.02 

First Triea Ansi sis 117212007 
Trial 1 Tnal2 Tnal3 
0.008 ·0001 ·0.006 

50 . .475 50.522 50 545 
(9837 -i9.851 (11.715 
-i9.90 -49.117 49.111 

VALID VALID VALID 

SFS92<446 
970803 

SFse2317 

ppm 
ppm 
ppm 

ppm 
ppm 
ppm 

Units 
ppm 
ppm 
ppm 
ppm 

,.<".,. 
11117108 
0511008 

Shipping Order Number: 
Transfer Number: 
Lot Number: 
Va:v~: 

Cyl. Pressure:* 

Assay 
Concentration 

51.0 ± 0.7 
50.4 ± 0.6 
49.9 ± 0.6 
51.0 ppm 

Balance 

S3_mnla No T"". 
SU GMIS 
OW GMIS 
PJ GMIS 

Second Tnad Anal sis 
Tnal1 Tnal2 

Z.ro 0007 0.008 
Reference 50.4111 50527 
Candidate 49.637 -49.609 

Result 41189 .49.82 
Evaluation VALID VALID 

23934586 

SFS104419 
eGA 660 
2000PSIG 

ppm 
ppm 
ppm 

113012007 
Trial 3 Units 
0027 ppm 

5O . .4-i3 ppm 
.49.1333 ppm 
.49.93 ppm 
VALID 

ME ANALYTICAL RESULT: 49.89 m MEAN ANALYTICAL RESULT: 4988 

Ana~'C ____________ -=====::::~Th~"~":T~'~"~ ________ __ 

AIR LlQUIDE AMERICA, L.P. Region Office. 8932 D,c. Road. Santa Fe Springs. CA 90670·2516 
P l1(lne (562) 9·1.5-i383 0 Fax: (562) 693·1156 

ppm 
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CERTIFICATE OF ANALYSIS 
Interference-Free Multi-Component EPA Protocol Gases 

Note: Analytical uncertainty and NIST traceability are in compliance with EPA-600/R-97/121 

Section No. 2.2, Procedure . G-1 

Customer: ALA-CYL-TACOMA 
TACOMA,WA 

'.0. Number: 196865 AMTEST 
Item Number: 

\ssay Dale: 30-Sep-05 

Component 
Nitric Oxide 
Sulfur Dioxide 
Carbon Monoxide 
NOx 
Nitrogen 

.ererence Standard Empl.Q·i.~d For AnalY.!Jis 

ConcenVa!,on 

Analysis Inrormafion 

100 
102.0 
101.8 

Com onent 
Analyzer Information 
Manufacturer. 
Model Number: 
Senal Humbtr: 
MPR Lal' Cilltnlad: 
Analytical Pmc:ipIe: 

, 
• , 

, 
••• ••• 

Sulfur Dioxide 

rionba 
CMA-331A 
56674503 

09J15i05 
NOIR 

c _-

Zero 
Reference 
Candidate 

Result 
EvalUation 

Cylinder Number: CC16062D 

Expiration Dale: 30-Sep-07 

Tnal , 
0 

115 
10' 

"51 
VALID 

1021 

'" 89.45 
1 

Requosted 
Concentration 

90 ppm 
90 ppm 
90 ppm 

Balance 

:~M.GMIS 
Sal.loc.e Cyt No. ~TRM No Exo aale 
H,~ c..C 155872 SF

A

S5Z228 ~~1 
NiIroglll CC 89288 815904 D7101,w 
NilrvRon CC·7OD48 970802 OZlOUl7 

, . 

IIsl Tnad Ana Sl ~ 9123120()S 
Tnal 2 Tnal3 

• 0 ." .1< 
.01 .00 90" 8i1.47 

VALID VALID 
MEAN ANAL YTICA.l RESULT: 

I . 

1022 

'''' 851.55 

1022 ... 

Vdo 
Vd, 
ppm 

Uflils 
VO, 
Vd, 
V"" ,pm 

8£1 61 

V"" 
,pm 

, m 

Shipping Order Number. 
Transfer Number: 

17968002 
17968002 
SFS89839 
CGA660 
2000PStG 

Lot Number: 
Valve: 
Cyl. Pressure:-

91.3 
90.0 
89.5 
91 .3 

Balance 

ZOrn 
Referel"lGl!! 
Candidate 

ReSult 
Evah.Hlllon 

Assay 
Concentration 

t 2.0 
t 1.3 
t 1.3 

ppm 

Samole No 
MC 

98080102 
117080202 

GMtS 
NTRM 
NTRM 

ppm 
ppm 
ppm 

. , 

Secomf Triad Anal sis 9/3012005 

VO, 
Vd, 
,pm 

Trial 1 Tnal 2 Tnal 3 Urllts 
o 0 0 Vdc 

113 113 113 Vdc 
100 100 100 Vdc 

90 27 90.27 90.27 DJMn 
VAtID VALID VALID 

MEAN ANALYTICAL RESUL 1: 90 27 

11IlB 
90' 

894' 
W, 
ppm 

Thuln Ttln 
~I~~~<---

Approv.d by: ______________ Oavd Connolly 

AIR LlQUIDE AMERICA, L.P. Region Olliee. 8832 Dice Road, Sanla Fe Springs, CA 90670·2516 
Phone: (562) 945·1383. Fax: (562) 693·1156 

m 
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l,L,:.=.i CERTIFICATE: OF ANALYSIS 

Interference-Free Multi-Component EPA Protocol Gases 
Nole: Analytical uncertainrf and NIST traceability are in compliance with EPA-600/R-97/121 

Section No. 2.2, Procedure. G-1 

Customer: ALA-CYL-TACOMA 
TACOMA,WA 

P.O. Number. 186811 
Item Number. 

Assay Date: 11-Apr-05 

Component 
Methane 
Nilrogen 

Analy~f!'llnforrnatlon: 

Com nent 
An er lnrormahon 
MatllJfac{urel: 
Model Number. 
Serial Number. 
MPR Lalit CaIibnlled: 
Analytical Principle: 

Methane 

Vruian(A) ',m 
3400 Reference 
2805 Candidate 
04J00D5 Result 
FIDA TCD Evaluation 

Cylinder Number: CC115989 

Expiration Date: 11-Apr-08 

Roquested 
Concentration 

30 ppm 
Balance 

Firsl Triad Ana is: 04111/05 
Triad 1 Tflad2 Triad 3 
0 0 0 

.c •. 1S -4 •• 17 «.12 
30.13 30,10 30.11 
30.09 30,OS 30.10 

VALID VALID VALID 
MEAN ANALYT ICAL RESULT: 

Units 
ppm 
ppm 
ppm 
ppm 

30.08 m 

AIR LlaUIDE AMERICA, L.P. Region OWee. 8832 Dice Road. Sanla Fe Springs. CA 90670·2516 
Phone: (562) 9~5·1383. Fax (562) 693-1156 

Shipping Order #: 
Transfer#: 
Lot Number: 
Valve: 
Cyf. Pressure:' 

15877656 
15877656 
SFS85149 
CGA 350 
2000PSIG 

·Cyinder shouid not be used ~ 
cas pressure Is btIaw 150 p:olg 

ASSAY 
Concentration 

30.1 :t 0.4 ppm 
Balance 
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t~.=,l CERTIFICATE OF ANALYSIS 

Interference-Free Multi-Component EPA Protocol Gases 
Note: Analytical uncertainty and NIST traceability are in compliance with EPA-600/R-97/121 

Customer: ALA-CYL-TACOMA 
TACOMA, WA 

' .0. Number.186811 
,tern Number. 

,ssay Da!e: 11-Apr-05 

Component 
Methane 
Nitrogen 

Reference 

nalysis Information: 

Com on en! Methane 
Ana lef Informallon 
Manufacturer: Var~n{B) 

Moder Number: 3<00 
Serial Nt.mber: 2600 
MPR last calibrated: 03l22J05 
Analytical Principle: FlO & Teo 

/It -
Analyst Signature: ) If'&'!/(f!i: ".-" , , , , 

Zero 
Rerenmce 
Candidate 

Re5ull 
Evalualion 

Eric Barron 

Section No. 2.2, Procedure. G-1 

Cylinder Number: CC122541 
Shipping Order #: 15877656 
Transler #: 15877656 
La! Number. SFS85155 
Valve: CGA350 
Cyf. Pressure:- 2000PSIG 
·CylindBt should not be used when 

Expiration Date: 11·Apr'()8 gas preSlura is below 150 psig 

Requesled ASSAY 
Concentration Concentration 

90 ppm 90.0 t 1.0 ppm 
Balance Balance 

Firs t i riad Anal sis: 04/11/05 
Triad 1 Tnad 2 Triad 3 Units 
0 0 0 ppm 

98.07 97.62 91.64 ppm 
89.77 ..... 89.39 """ 89.96 89.92 a9.98 ppm 

VALID VALID VALID 
MEAN ANll...l YTrCAL RESUL To 89. 95 m 

... . --
_ _ --..)llU'./L L $7 - -

APprOye~_~===:=c=======:=rT;;;h";;;,~"nT"';;";----

AIR UQUIDE AMERICA, L.P. Region Ollie •• 8832 Dice Road. Sar,la Fe Springs. CA 90670·2516 
Pho,;e' (,62) 945·1383. Fax: (562) 693·1156 
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RESUME OF 
KRIS A_ HANSEN, QEP 

SENIOR CONSULTANT 

EDUCATION 

B.S., Chemistry, Central Washington University, 1973 
Coursework and 2.5 years research completed towards M.S., 
Chemistry, Central Washington University 
Several workshops, courses and conferences annually 
on the subjects of CEMS/PEMS/CAM Rule, the Clean Air Act 
Amendments, and advanced emissions measurement. 

PROFESSIONAL MEMBERSHIPS/CERTIFICATIONS 

Institute of Professional Environmental Practice (I PEP), 
Qualified Environmental Professional (QEP), July 1995 
Air and Waste Management Association (A&WMA), member since 1978 
Pacific Northwest International Section of A&WMA (PNWIS) 
Source Evaluation Society (SES) 

PROFESSIONAL EXPERIENCE 

AmTest Air Quality was formed under the direction of Mr. Hansen in 1982. This company 
conducts full-service source testing activities. Mr. Hansen follows developments in EPA 
testing methodology and has developed sampling and analysis techniques for many 
sources for which EPA guidelines are not available. He has worked at numerous types of 
industrial facilities throughout the United States and internationally. Mr. Hansen manages 
an experienced field testing and laboratory analysis staff. He manages all phases of 
project development, including cost estimation, scheduling, sample collection, analysis, 
and report preparation. He also manages all other aspects of the business, including 
business development and personnel issues. 

Prior to joining Am Test, Inc., Mr. Hansen's professional experience included 4.5 years 
with an environmental consulting firm, and 2 years as a laboratory instructor and research 
fellow while attending graduate school at Central Washington University, where his 
research emphasis was in gas chemistry. Mr. Hansen has 30 years of professional 
experience. 

Mr. Hansen has assisted in the instruction of EPA Air Pollution Training Institute (APTI) 
courses offered by the EPA in cooperation with the University of Washington. Mr. Hansen 
was the recipient of the 1987 PNWIS/APCA "Hardhat Award" which was presented in 
recognition of his contributions to the advancement of source sampling technology in the 
Pacific Northwest. He is a past board member of the Puget Sound Chapter of 
PNWIS/A&WMA. In 1995, Mr. Hansen received his Qualified Environmental Professional 
(QEP) certification. Through the QEP certification, environmental professionals 
demonstrate their breadth and depth of knowledge and experience, and commit to abide 
by the Code of Ethics of the Institute of Professional Environmental Practice (lPEP). Mr. 
Hansen is a Regional Coordinator for QEP certification testing. 
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RESUME OF 

ANGELA F_ HANSEN, QSTI 


SENIOR CONSULTANT 

EDUCATION/PROFESSIONAL CERTIFICAJIONS 

Qualified Source Test Individual (QSTI), Source Evaluation Society (SES) 

Groups I, II, and III 

B.S., Marine Resources, Western Washington University, 

Bellingham, Washington, 1980, Minors in Chemistry and Biology 

Several workshops, courses and conferences annually, including 

Dr. Jahnke's Continuous Emission Monitoring System (CEMS) 

workshop, and A&WMA workshops on Title V Operating Permits, 

Advanced Emission Measurement, Title III MACT, and Enhanced 

Monitoring. 


PROFESSIONAL MEMBERSHIPS 

Air and Waste Management Association (A&WMA) 

Pacific Northwest International Section of A&WMA (PNWIS) 

Source Evaluation Society (SES) 

ASTM International Committee D22 on Air Quality 


PROFESSIONAL EXPERIENCE 

Ms. Hansen has worked with AmTest Air Quality since 1984 and has over 25 years of 
professional experience in the field of air quality. She participates in all aspects of source 
test projects, including initial client contact, scope of work preparation, scheduling, pre-test 
coordination, implementation of quality assurance programs for field sampling, analysis, 
data reduction, final data review, and report preparation and review. Ms. Hansen has 
assisted in the instruction of the EPA-APTI 464L "Continuous Emission Monitoring' course, 
the EPA 450 "Source Sampling for Particulate Pollutants' course, and the EPA 502 Course 
"Hazardous Waste Incineration" offered by the EPA's Air Pollution Training Institute in 
cooperation with the University of Washington. She is the General Conference Chair for the 
2008 Annual Conference and Exhibition (ACE) of A&WMA in Portland, Oregon. She co­
chaired the PNWIS annual meeting in 1996 and 2002. She was the General Chair of the 
1994 PNWIS Spring Specialty Conference on Enhanced Monitoring, and has been a 
session chair and speaker at numerous PNWIS annual meetings and specialty conferences. 
Angela is the past President, Vice President, Secretary, and Treasurer for PNWIS and the 
Puget Sound Chapter of A&WMA. Ms. Hansen was the recipient of the 2005 
PNWIS/A&WMA "Hardhat Award: the 2001 PNWIS/A&WMA "Robert Stockman 
Distinguished Achievement Award" and the 1991 PNWIS/A&WMA "Labcoat Award.' She is 
an active member and the past Chair of A&WMA AM-4 Source Monitoring Technical 
Coordinating Committee. She has also been a speaker and session chair for the Source 
Evaluation Society annual meetings. She is certified as a Qualified Source Test Individual 
(QSTI) for Group I, Group II, and Group III from the SES. She is the Secretary of the Board 
for the Stack Testing Accreditation Council (STAC) which is the group working on a program 
to accredit stack testing firms. 

Prior to jOining ATAQ, Ms. Hansen acted as a Project Leader and Office Manager for an 
environmental engineering consulting firm in the Seattle area for 2 years. Experience with 
that firm involved sample collection, analysis and report preparation for source and ambient 
air, water, and industrial hygiene studies. Ms. Hansen also worked on various research 
projects in the Chemistry department while attending Western Washington University. 

http:WNW.hoeflemet.com
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RESUME OF 
JAMES A_ GUENTHOER 

MANAGER, SOURCE TESTING SERVICES 

PROJECT MANAGER 

EDUCATION 

B.S., Geology, Juniata College, Huntington, Pennsylvania, 1972 
M.S.E., Environmental Engineering Division, Department of Civil 
Engineering, University of Washington, Seattle, Washington, 1985 
Continuous Emission Monitoring System (GEMS) Workshop, 
taught by Dr. James Jahnke, April 1993. 

PROFESSIONAL MEMBERSHIPS 

Pacific Northwest International Section of AWMA (PNWIS) 
Source Evaluation Society (SES) 

PROFESSIONAL EXPERIENCE 

Mr. Guenthoer has worked for AmTest Air Quality since 1983 and has over 24 years of 
professional experience. Mr. Guenthoer specializes in performing field sampling for 
source emission evaluations and managing projects for Am Test. He is experienced in 
the collection of samples to be analyzed for particulate matter, particle size distribution, 
sulfur and nitrogen oxides, hydrogen sulfide, semi-volatile and volatile organic 
compounds (including dioxins and furans), toxic air pollutants, and other chemical 
species. Mr. Guenthoer was the recipient of the 1989 PNWIS/APCA "Hardhat Award' 
which is presented each year to an individual to recognize his contribution to the 
advancement of source sampling technology in the Pacific Northwest. 

Mr. Guenthoer was formerly the Operations Manager for Pollution Control Systems, Inc. 
of Seattle, Washington for 4 years and handled the design, technical services and sales 
of in-stack source test Cascade impactors. He assists in the instruction of EPA 450 and 
EPA 468 Source Sampling Short Courses for particulate and gaseous pollutants which 
are offered each year by the EPA in cooperation with the University of Washington. He 
has also assisted in presenting workshops to demonstrate the use of in-stack source 
test Cascade impactors. 

Prior to his association with PCSC, Mr. Guenthoer was associated with Air Pollution 
Systems of Kent, Washington conducting research and development studies on novel 
particulate control technology. Prior to his association with Air Pollution Systems, Mr. 
Guenthoer was the Testing Manager for Rossnagel and Associates of Medford, New 
Jersey and was in charge of all water quality, industrial hygiene, and source testing for 3 
branch offices. During his 5 years with this environmental testing firm, Mr. Guenthoer 
has conducted compliance source tests for local, state and federal government in over 
40 states and in Canada and served as a professional expert witness in environmental 
legal cases. 
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RESUME OF 

KEVIN FARWELL 


SENIOR TEST LEAD 

EDUCATION 

Eastern Arizona College, Thatcher, Arizona 
State of Arizona Plume Evaluation Training 
Course R450-97, Source Sampling for Pollutants 
Hazardous Material Handler (HAZWOPER) 
RCRA Certification 
AHERA Asbestos Inspector Certification - C5299 
Toxic Release Inventory Seminar 
MSHA Certified 

PROFESSIONAL EXPERIENCE 

Mr. Farwell began his employment with AmTest Air Quality in August 2001. He conducts 
source emission testing and activities related to source emission testing, including field 
sampling, test equipment maintenance and calibration, test planning and preparation, and 
data reduction and evaluation. In the laboratory and office, he performs test equipment 
trouble-shooting, maintenance, fabrication, and calibration. He helps keep the Air Quality 
shop and mobile laboratories organized and stocked with the necessary sampling supplies 
and parts. 

Mr. Farwell is experienced at performing the following test methods: EPA Methods 1, 2, 3A, 
4,5,6, 6C, 7E, 8, 9, 10, 12, 17, 25A, 26, 26A, 29 (multiple metals sampling), 101A, 201A, 
202, particle size distribution, and other miscellaneous EPA methodology. 

Prior to his position with AmTest Air Quality, Mr. Farwell was a Hazardous Waste Specialist 
for Phelps Dodge Morenci Inc. in Morenci, Arizona. His responsibilities included solid and 
hazardous waste disposal, spill response and remediation, toxic release inventory upkeep, 
spill prevention controls, emergency response plans, and other duties related to hazardous 
waste tracking and reporting. He also worked as an Environmental Technician for the mine 
where he performed inspections, training, visible emission observations, remediation 
oversight, and waste management. Before that, he worked for Phelps Dodge Hidalgo Inc. 
as a Testman III conducting stationary source sampling for 10 years at the Phelps Dodge's 
various smelter, refinery, or corporation's facilities. 

II! lIlT" I 11111 
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RESUME OF 
KEVIN E, FARWELL, JR. 

FIELD TECHNICIAN II 

EDUCATION 

2002-2006, Kent Lake High School, Kent, Washington 

PROFESSIONAL EXPERIENCE 

Mr. Farwell began his employment with AmTest Air Quality as a Field Technician 11 in 
. August 2006. He conducts source emission testing and activities related to source' 

emission testing, including field sampling, test equipment maintenance and calibration, 
test planning and preparation, and data recording. In the laboratory and office, he 
performs test equipment trouble-shooting, maintenance, fabrication, and calibration. He 
helps keep the Air Quality shop and mobile laboratories organized and stocked with the 
necessary sampling supplies and parts. 

Mr. Farwell is experienced at performing Ihe following test methods: EPA Methods 1, 2, 
3A, 4, 5, 8, 138, 16N6C, 17,23,26,29, ammonia, volatile organic compound testing by 
TO-15, continuous emission monitoring systems certifications, and other miscellaneous 
EPA methodology. 

Prior to his position with AmTest, Mr. Farwell worked Fred Meyer, Inc. at several 
positions, ending his tenure there as a stocker. Previous positions included a veterinary 
assistanUkennel keeper at Covington Veterinary Hospital and a file manager with 
responsibilities including controlling archives and up-to-date files of thousands for 
Insulation Contractors in Kent, Washington. 
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RYAN D. RADONSKI 


FIELD TECHNICIAN III 

EDUCATION 

1993-1996. Pre-Engineering and Autobody, Lower Columbia College, 
Longview, Washington 
1992.-1998, Communications Specialist, U.S. Marine Corps 
Numerous Safety and Hazard Communication Courses 
OSHA 40-Hour HAZWOPER Training, 1997 

PROFESSIONAL EXPERIENCE 

Mr. Radonski began his employment with AmTest Air Quality in January 1998. He 
conducts source emission testing and activities related to source emission testing, 
including field sampling, test equipment maintenance and calibration, test planning and 
preparation, and data recording. In the laboratory and office, he performs test 
equipment trouble-shooting, maintenance, fabrication, and calibration. He helps keep 
the Air Quality shop and mobile laboratories organized and stocked with the necessary 
sampling supplies and parts. 

Mr. Radonski is experienced at performing the following test methods: EPA Methods 1, 
2., 3A, 4, 5, 8, ODEQ 8, 12., 138, 16A16C, 17, 2.3, 2.6, 2.9, 2.01A12.02., 301, ammonia, 
volatile organic compound testing by TO-14, continuous emission monitoring systems 
certifications, and other miscellaneous EPA methodology. 

Prior to beginning his position with AmTest, Mr. Radonski worked in the environmental 
services field conducting oil spill clean-up and decontamination and hazardous 
materials handling and disposal. He was a Communications SpeCialist in the U.S. 
Marine Corps. where he was in charge of nuclear, biological, and chemical weapons 
training. 
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RESUME OF 
MATTHEW S_ CARON 

ASSOCIATE SCIENTIST II 

EDUCATION 

- B.S., Chemistry, The Evergreen State College, 
Olympia, Washington, 2005 

- South Puget Sound Community College, General Studies, 
2000-2002 

PROFESSIONAL EXPERIENCE 

Mr. Caron began his employment with AmTest Air Quality in April 2006. He conducts 
source emission testing and activities related to source emission testing, including field 
sampling, test equipment maintenance and calibration, test planning and preparation, 
and data recording. In the laboratory and office, he performs test equipment trouble­
shooting, maintenance, fabrication, and calibration. He helps keep the Air Quality shop 
and mobile laboratories organized and stocked with the necessary sampling supplies 
and parts. He is currently undergoing training in basic EPA source test methodology. 

Prior to his position with AmTest, Mr. Caron worked as a research and development 
chemist, specializing in new product development at Aloecorp of Lacey, Washington. 
Prior to his employment at Aloecorp, Mr Caron worked at REI as a salesperson and 
Evergreen State College as a chemistry tutor. Some of Mr. Caron's undergraduate 
research includes mathematical modeling of phosphorescence lifetime and analysis of 
lake and groundwater samples for assorted organic and inorganic compounds. Mr. 
Caron's experience using analytical instrumentation includes worik with ICP-AES, IC, 
FTIR, GC/GC-MS, UVNIS, Polarograph, and NMR. 
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CHRISTINE L. RAMSEY 


MANAGER, OFFICE AND LABORATORY SERVICES 


ASSOCIATE SCIENTIST III 


EDUCATION 

B.S., Biology and Psychology, Virginia Polytechnic Institute 
and State University, 1989 

Cooperative Education Program Certificate, Virginia Polytechnic 
Institute and State University, 1989 

.PROFESSIONAL EXPERIENCE 

Ms. Ramsey began her employment with AmTest Air Quality in June 1996. In the 
office, Ms. Ramsey assists with project coordination, performs data reduction, data 
review, and report preparation. She creates specialized spreadsheets to perform data 
handling for source test work. Ms. Ramsey has also acted as an alternate 
Chemist/Lab Manager when needed. She is experienced at performing the following 
test methods: EPA Methods 1,2, 3A, 4, 5, 8, 13B, 15, 17, 23,26,29, 201N202, 301, 
315, ammonia, and other miscellaneous EPA methodology. 

In the laboratory, Ms. Ramsey is experienced in graVimetric analysis of particulate 
matter samples and particle size distribution samples and solvent extractions. She 
assists in preparation and analysis of samples for quantifying sulfur oxides, reduced 
sulfur compounds, toxic metals (including hexavalent chromium), semi-volatile 
compounds (including dioxins and furans), and volatile organic compounds. 

Prior to her employment with AmTest, Ms. Ramsey worked as a contract employee in 
assorted long-term contract positions, which included Ostex International in Seattle 
and the Ste. Michelle Winery in Woodinville, Washington. Prior to that, she was a 
Section Leader for the Conventional Chemistry & Microbiology departments at Pacific 
Northern Analytical in Redmond, Washington. Ms. Ramsey has also worked as a 
contract employee to Wacker Siltronic in Portland, Oregon and as a Chemist/Lead 
Microbiologist for Lapteff Associates, Consulting Engineers in Woodbridge, Virginia. 
During college, she worked as a Physical Science Technician for the US Food and 
Drug Adminstration. 
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SUSAN D, LYON 

ASSOCIATE SCIENTIST III 

EDUCATION 

B.S., Chemistry, Western Washington University, 
Bell ingham, Washington, 1995. 
lATA Dangerous Goods Transportation Seminar, 2000, 2002, 2004, 2006 
Dangerous Waste Management Seminar, 2005 
CSTOP Training from Northwest Safety Training Council, 2006 

PROFESSIONAL EXPERIENCE 

Ms. Lyon began her employment with AmTest Air Quality in September of 1999. In the 
office, Ms. Lyon assists with project coordination, performs data reduction, data review, 
and report preparation. In the laboratory, she is responsible for pre-field preparation for 
air quality projects and preparation of sample trains, glassware, labware and sampling 
hardware to be used on each specific project. In the field, Ms. Lyon has acted as a 
Project Assistant, assisting the Project Manager, Project Engineer, or Project Leader in 
setting up the equipment at each sample site, performing tests and recording data, 
recovering the samples after each test, performing any in-field analysis, and in 
demobilizing. When working in the field, she is responsible for properly labeling and 
identifying each sample, and initiating chain-of-<:ustody procedures. Ms. Lyon has also 
acted as an alternate Air Quality Specialist I when needed. She is experienced at 
performing the following test methods: EPA Methods 1, 2, 3A, 4, 5, 8, 13B, 15, 17, 23, 
26,29, 201A1202, 301, 315, ammonia, and other miscellaneous EPA methodology. 

In the laboratory, Ms. Lyon is experienced in gravimetric analysis of particulate matter 
samples and particle size distribution samples. She is responsible for the preparation 
and analysis of samples for quantifying sulfur oxides, reduced sulfur compounds, toxic 
metals (including hexavalent chromium), semi-volatile compounds (including dioxins 
and furans), and volatile organic compounds. 

Prior to accepting a position at AmTest, Ms. Lyon worked for the QCM Company, Inc. of 
Kent, Washington as a Lab Technician from 1995-1997 and as the Laboratory 
Supervisor from 1997-1999. From 1994 to 1995, she was employed as an Instructor's 
Assistant in Western Washington UniverSity's Chemisty Department. 
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HCG, Inc. dba AMTEST AIR QUALITY 

CAPABILITIES 

AmTest Air Quality has been providing comprehensive air emissions 

source testing services to industry and governmental services since 1982. 

On January 2,2007, Am Test-Air Quality, LLC merged with HCG, Inc. 

dba Hoefler Consulting Group of Anchorage, Alaska, and today AmTest 

Air Quality operates as a division of HCG, Inc. HCG, Inc. provides 

considerable management and engineering depth to complement 

AmTest's well-established field and laboratory services. AmTest Air 

Quality's main office and laboratory facility is located in Preston, 

Washington where AmTest employs a staff of 14 engineers, scientists, 

and technicians to support work throughout the Pacific Northwest and 

Alaska. We take pride in the quality, experience, and motivation of our 

personnel, which we feel is unsurpassed in the Northwest and Alaska. 

Our staff uses state-of-the-art equipment to conduct source tests from the 

routine to the highly complex. We design our test teams to suit the size 

of the project ranging from a single technician to an organized field team 

of as many as ten. Whether projects are large or small, our attention to 

detail remains extremely high. 

AmTest Air Quality performs source-testing projects at all types of 

facilities throughout the United States and Canada. Some of the types of 

facilities tested include: 

• Oil and Gas Refineries 
• Pulp and Paper Mills 
• Gas, Oil, Wood, Coal and Nuclear-Fired Power Plants 
• Chemical Plants 
• Aluminum Reduction Facilities 
• Wood Products Industries 
• Smelters 
• Cement Kilns 
• Hazardous Waste Incinerators 
• Municipal and Medical Waste Combustors 
• Landfill Gas Flares 
• Wastewater and Sewage Treatment Facilities 
• Coating and Finishing Facilities 
• Manufacturers 
• Superfund Clean-Up Sites 
• Asphalt Plants 

- I - AmTest Capabilities 
rev. 1 0307 
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Examples of the types of services AmTest Air Quality provides include: 

• Regulatory compliance with NSPS, MACT, BIF, TSCA, RCRA requirements 
• Continuous emission monitoring system (CEMS) certifications and periodic 

monitoring performance tests 
• Enhanced monitor certifications (CEMS, CRMS, CPMS) 
• Emission inventories for Title V, MACT, NESHAP, SARA 
• FTIR - Real-time Air Toxies 

Analysis of -100 compounds possible, including Formaldehyde, NH3 , HCI, VOCs, 
methanol 

• Portable Gas Chromatograph (GC with FIO/TCD/FPD) 
• VOCs, Fixed gases, sulfur compounds 
• Title ill and SIP determinations 
• Air pollution control equipment warranty/guarantee/design testing 
• Combustion or control device optimization 
• Air toxies studies for hazardous air pollutants (HAPs) 
• Particle size distribution studies (PM IO) 

• Soil remediation unit (SRU) evaluations 
• Vapor recovery unit (VR U) efficiency evaluations 
• Destruction/capture efficiency studies for VOCs 
• Ammonia slip evaluations 
• Pilot plant or engineering-scale trial burns 
• Hands-on stack sampling training workshops 
• Industry-agency liaison support 

- 2- AmTest Capabilities 
rev. I 0307 
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AMTEST AIR QUALITY TESTING SERVICES DIVISION 
EMISSIONS TESTING SERVICES 

AmTest Air Quality's Testing Services Division performs all recognized EPA source 

test methods for many types of industries. We also perform NIOSH methods, BIF 

Regulation methods, SW-846 methods, toxic organic (TO) methods and are experienced 

at developing test methods for specialized applications where published methods do not 

exist. Am Test personnel keep current on new method development by attending 

training courses and utilizing the EPA Emission Measurement Center (EMC) web site . 

A partial list of pollutants measured using manual test methods follows: 

• Particulate Matter 
• Particle Size Distribution 
• Sulfur Oxides 
• Nitrogen Oxides 
• Opacity Measurement 
• Carbon Monoxide and Fixed Gases 
• Hydrogen Sulfide 
• Multi-Metals 

Hexavalent Chromium 
ICP Metals 
Low-Level Mercury 

• Particulate and Gaseous Fluoride 
• Total Reduced Sulfur Compounds 
• Volatile Organic Compounds 

8240 list of VOCs 
Alcohols and Acetates 
BTEX 
Formaldehydel Aldehydes 
Perfluorocompounds 

• Semi-Volatile Organic Compounds 
Dioxin and Furan Isomers 
PAHs 
BNAs 
PCBs 
POMs 
Pesticides and Herbicides 

• Acid Gases 
Hydrochloric Acid 
Hydrofluoric Acid 
Nitric Acid 
Sulfuric Acid 

• Chlorine, Chlorine Dioxide and Chloroform 
• Ammonia and Urea 
• Radionuclides 
• Hazardous Air Pollutants (HAPs) 

- 3 - AmTest Capabilities 
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AIR QUALITY. llC 

CONTINUOUS EMISSION MONITORING SYSTEMS 

AND INSTRUMENTAL TESTING SERVICES 

AmTest Air Quality's Testing Services Division has four (4) complete continuous 

emission monitor (CEM) instrument vans or systems, some of which can be shipped to 

remote locations. We maintain an inventory of approximately 100 EPA Protocol 1 (or 

best available grade) certified calibration gas mixtures to tailor calibration gases to each 

source. Each mobile laboratory is equipped with: 

• 02' CO2, S02' NO" and CO analyzers 
• Total hydrocarbon (THC), methane, and non-methane hydrocarbon (NMHC) 

analyzers 
• PC-based data acquisition systems for collecting and reducing data to provide on-

site results 
• Cy linder racks for calibration gases 
• Heated or unheated Teflon sample transport lines 
• Sample extraction systems, including sample probes, fine particulate filters, 

moisture removal systems, and Teflon-lined sample pumps 
• Laboratory bench space which can be equipped with analytical balances, wet 

chemical analysis equipment and instrumental methods, including gas 
chromatography 

AmTest Air QUality's mobile laboratories are used to perform New Source 

Performance Standard (NSPS) testing and to conduct continuous emission monitoring 

system (CEMS) performance specification tests and audits. We provide a variety of 

CEMS services, including: 

• Performance Specification Tests (PST) 
• Relative Accuracy Test Audits (RAT A) 
• Relative Accuracy Audits (RAA) 
• Cylinder Gas Audits (CGA) 
• Quality Assurance Plans (QAP) 

In addition, AmTest Air Quality's senior-level staff are extremely knowledgeable in the 

field of CEMS and can assist in monitor selection, calibration gas selection, 

stratification testing to locate CEMS probes, sampling system troubleshooting, and act 

as a liaison with the regulatory agency. 

- 4- Am Test Capabilities 
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Appendix C
 
Liner Leakage Calculation
 

) 0 .5q  C B a ( 2 gh 
q = flow rate per acre (m3/acre/s) 
CB = flow coefficient 

a = area of circular hole in liner (m2) 
g = acceleration due to gravity (m/s2) 
h = head above liner (m) 
Source: EPA, 1991, Design and Construction of RCRA/CERCLA Final Covers. Environmental Protection Agency, Seminar Publication, EPA/625/4-91/025. 

Assumptions: 
CB 0.6 Source:  EPA, 1991 

g (m/s2) 9.81 
h (m) 0.305 Maximum head on liner - design (1 ft) 
drainage area (acres) 31 Assumes that entire Central Area drains to the leachate collection system due to the steep slopes of the liner; 

assumes no leakage through sidewall liners. 
leachate collection flow (gpm) 1.01 Average gpm from May 2007 to April 2008 
q (m3/acre/s) 2.06E-06 

Calculations 

a  
C B ( 2 gh 

q 

) 0 . 5 

a 1.40E-06 m
2 

a - area of circular hole 
q - flow rate per acre 

0.014 cm2 

47 gal/acre/day 

Liner Classifications (Source: EPA, 1991.) 

#Hole/Acre @ size in cm2 

Rate of Flow gal/acre/day 

Great 
1 @ 0.1 

330 

Good 
1 @ 1.0 

3300 

Poor 
30 @ 0.1 

10000 



 
 

          
           
             

    
 
 

  
 

             
            

           
            

              
     

              
 

           
          

 

            
    

 
 

  
 

   
 

           
 

 
 
 
 
 
 
 
 
 
 
 

1.0	 INTRODUCTION 

Leachate meters were re-installed in the Leachate Collection Manhole (LCM) and 
Leachate Detection Manhole (LDM) during 2005 in accordance with the Second Closure 
Extension requirements. The purpose of the meters is to collect long-term flow data to 
evaluate Central Area liner performance. 

2.0	 LEACHATE METERS MAINTENANCE  

2.1.1	  The leachate meters will be removed from the LCM and LCD manholes during 
March and September for maintenance.  In the event that a meter fails at another 
time, it will be replaced with a backup meter within 10 days.   

2.1.2 Confined space entry work will be conducted by qualified and experienced 
personell. 

2.1.3	  The flow channels in both manholes will be cleaned with an eductor truck when the 
LCM and LDM meters are removed. 

2.1.4 Backup leachate meters will be installed after the manholes are cleaned by the 
eductor truck. 

2.1.5 Basic meter cleaning, calibration, and maintenance will be performed by City staff.  
The meters will be sent to the manufacturers for more advanced repair, or 
component replacement.  

2.1.6 Backup meters and appurtenances, for the LCM and LCD manholes, will be kept 
on hand at Tacoma Landfill. 

3.0 REPORTING 

3.1 CONSENT DECREE REPORT 

Leachate meters maintenance and replacement will be documented in the Consent Decree 
annual report. 



 
 

             
               

             
            
           

           
 
 

    
 

     
 

           
                

            
    

 
             

          
            

           
               

              
            

             
              

           
             

         
 

              
             

             
             

            
 

     
 

            
              

      
 

             
                  

1.0 INTRODUCTION 

Rainfall into a landfill cell generates leachate. Leachate moves down through the solid 
waste in the lined Central Area cell to the liner then flows through a leachate collection 
line to the leachate collection manhole where it is discharged to the sanitary sewer.  Some 
leachate remains perched in the solid waste and drains to gas extraction wells. The 
leachate is periodically pumped from gas extraction wells to maintain gas extraction 
performance and reduce the amount of leachate that flows to the sewer system.  

2.0 CENTRAL AREA LEACHATE EXTRACTION 

2.1 PURPOSE OF LEACHATE EXTRACTION 

From the City of Tacoma’s perspective, the main purpose of pumping leachate from gas 
extraction wells in the Central Area is to maintain good control on the flow of gas to 
prevent odors problems.  A secondary benefit is to help increase the flow of higher 
quality gas to the flares.   

When the levels of leachate have been monitored in the Central Area, the City observed 
leachate perched intermittently throughout the cell.  The concern was that the leachate 
would “drown” the screened area of the extraction wells, making them ineffective at 
controlling gas, reducing odors and collecting gas to be transferred to the flare system.  
The City of Tacoma Landfill has not had an odor complaint related to the Central Area in 
several years.  Part of the reason is the ongoing addition of extraction wells to cover gaps 
in the system and improved condensate removal in the Central Area.  When the Gas to 
Energy Plant was in operation, the City began pumping leachate from selected wells in 
the Central Area to increase gas quality and British Thermal Units (BTU) to the Gas to 
Energy system.   It was found that keeping selected well screens clear helped to reduce 
the odor emissions.  It has been determined that this is a beneficial practice that should 
continue as needed until the Central Area is permanently closed.   

There is a secondary benefit with some increase in gas production as well.  It should be 
noted that the leachate extraction wells can remove a relatively small amount of perched 
leachate and that most leachate generated in the cell leaves via the leachate collection 
system.  Because the flare is operating efficiently at this time and a smaller flare station is 
in the design phase, the concern for maximizing BTU’s was not a primary consideration.   

2.2 LEACHATE EXTRACTION SCHEDULE 

The City will implement its current schedule of pumping.  The current schedule is to 
pump regularly during working hours five days per week. Leachate is pumped from the 
Central Area wells nearly every working day.   

Historically, the City began with the pumps working 24/7 using a diesel generator. 
Pumping 24/7 was found that to be a waste of fuel. Landfill staff found that nearly as 



            
               
               

              
              

           
         

 
     

 
        

 
          

            
             

          
           
              

           
         

         
   

            
           

               
            
 

         
          

  
 

             
               

             
    

 
 

    
 

              
             

          
         

 

much leachate was pumped when the system was used during just the working day, with 
the use of much less fuel.    It is likely that when the pumps are working 24/7, it draws 
the leachate down faster than the leachate in the well can recover. So while the generator 
is still active and the pumps are available for pumping, there is no liquid available to 
pump.  The actual pumping of leachate is at a much slower rate when the liquid levels are 
drawn down.   And compounding the issue is the pump controllers use just enough 
energy to require the generator to operate off of idle.   

2.3 EXTRACTION WELL SELECTION 

Specific wells have been chosen, based on the following criteria: 

•	 Six inch diameter HDPE Wells.  The six inch diameter HDPE wells are 
favorable because they are much less likely to be impacted by the landfill 
which could prevent the removal of the pump from the well.  In the past 4” 
diameter PVC and HDPE extraction wells were used. The 4” diameter wells 
allows for a very small margin for problems (3” diameter pumps are used) 
before the pump is lost, and the PVC wells are much older and more likely to 
fail due to settling and horizontal strains.  The new wells are also constructed 
with larger boreholes and additional gravel, which should help prevent the 
clogging of the extraction wells with sediment. There are 12 wells 
constructed in this manner.  

•	 The wells with the six-inch diameter construction are also in key areas where 
the City determined that “holes” in our extraction system could lead to odor 
issues.    

•	 The wells chosen were in the center area of the Central Area, in the deeper 
areas of the landfill.  They are also located in areas that historically had some 
odor issues.    

•	 The wells selected originally were GWCA-3, GWCA-4 and GW06-4.  As of 
October of 2008, pumping of GW06-4 has been discontinued with no increase 
in odor issues.  

As the LFG odor issues have been controlled effectively using the current approach, the 
current extraction wells will continue to be pumped. If odor issues are identified in other 
areas of the Central Area, additional wells can be targeted should leachate be identified as 
the cause of the problems.  

2.4 PUMPING EQUIPMENT 

Generator - Landfill staff is currently using a smaller propane powered generator. 
Propane was selected so waste propane generated from our HHW facility could be used 
to power the system.  When recycled propane is not available, propane purchased from a 
vendor is used.  The generator is 6500 watt liquid cooled model. 



 

          
          
           

            
            

     
 
 

    
 

            
 

             
       

 
                 

              
           

 
              

            
   

 
 

  
 

            
  

 
 
 
 

Pumps -  The system uses Grundfos Redi-Flo3 pumps.  After trying other pumps such as 
pneumatic 2” diameter pumps and solar powered 2” diameter pumps, The Grundfos 
Redi-Flo3 has proven to be the most reliable and maintenance free system.  The lowest 
volume pump ends are used for this application.  In addition to the pumps, a Grundfos 
controller is required for each pump in operation.  The controller allows the user to 
control the pump rates for the system.   

3.0 SURFACE GAS MONITORING 

Purpose: Monitor for potential methane gas release and odor control for central area. 

The surface emission monitoring will be done on a quarterly basis.  Weather will be a 
consideration on when the monitoring will be done. 

Monitoring will be done with a gas tech 201 at waist to knee level and measured in the 
PPM range.  Measurements of 500 ppm or less will not be considered a problem, but will 
be designated by feet and direction from a well I.D. and re-measured quarterly. 

Monitoring will be done by walking north and south for a total of two passes. Each 
quarter the pattern will vary to assure coverage. Only the uncapped parts of the central 
area will be monitored. 

4.0 REPORTING 

Central Area leachate extraction and surface gas monitoring will be documented in the 
Bi-Annual Gas Report. 



  

 

 

 

  
 

 
 

    
    

   
  

    
    

 
 
  

 
  

 
   

 

   
      

    
 

    

   
   

  

T E C H N I C A L M E M O R A N D U M 

City of Tacoma 
HELP Evaluation of Existing Tacoma Landfill 
PREPARED FOR: City of Tacoma 
PREPARED BY: CH2M HILL 
DATE: May 3, 2005 

This technical memorandum presents the results of the existing landfill performance evaluation 
prepared for the City of Tacoma. The purpose of this evaluation is to perform a hydraulic 
analysis using the current landfill configuration, with an emphasis in determining the possible 
monthly leachate production rate for both the maximum year and the average year that is 
collected within the existing Leachate Collection System (LCS). The landfill hydraulic 
performance was modeled using the latest version of the U.S. Environmental Protection Agency 
(EPA) Hydrologic Evaluation of Landfill Performance (HELP) Model Version 3.07. 

HELP Model 
The Hydraulic Evaluation of Landfill Performance (HELP) Model Version 3.07 (November 1997) was 
used to evaluate the cover system configurations. This program is a quasi-two dimensional 
hydrologic model used for conducting water balance analyses of liner systems for waste 
containment facilities, including both base liner systems and final covers. The HELP model is 
considered to be a conservative model that generates steady state, saturated flow through the 
various liner cross-sections. The model accepts weather, soil, and general design data and uses 
solution techniques that account for the effects of surface water storage, lateral surface drainage, 
unsaturated vertical drainage, and leakage. Following input of weather, soil, and design data, 
the model estimates the amounts of runoff, evapotranspiration (ET), drainage, and 
percolation/leakage that may occur through the liner system as a result of the simulated 
conditions. This technical memorandum presents the design input data and the results of the 
model simulations for each cover system. 

The model was developed by the U.S. Army Corps of Engineers (ACOE) Waterways 
Experiment Station (WES) for the U.S. Environmental Protection Agency (EPA) to meet the 
needs of the regulatory requirements. The primary purpose of the model is to help compare 
design alternatives with respect to their water balances (Schroeder et al 1994a). For this 
application, the model is being used to estimate possible leachate generation from an existing 
landfill. 

It should be noted that the model was meant to be used for comparison of design alternatives, 
and is not known for its accuracy. Recent comparison of hydrologic design software indicates 
that most software underpredicts the amount of runoff from the cover system, thereby 
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increasing the infiltration into the system (Scanlon et al, 2002). The HELP model does predict 
some runoff, but does not adequately account for actual runoff when compared with field data. 

Data Requirements 
Three types of information are required to perform the HELP model evaluation: climatic data, 
soil and material data, and general site design data. Input options are presented below. 

Climatic Data 

Climatic data input includes daily precipitation, temperature, and solar radiation that may be 
entered using actual historic data input by the user, generated stochastically, or taken from an 
existing limited historical database covering more than 100 U.S. cities. 

Evaporative Zone Depth. Evaporative zone depth, or the maximum depth from which stored 
water may be removed by ET, must be input either by the user or by using model defaults. The 
evaporative depth is typically at least equal to the expected average depth of root penetration 
when vegetation is present. The evaporative zone depth may not exceed the depth to the top of 
the topmost barrier soil layer. 

Leaf Area Index. Leaf area index (LAI) is defined as the dimensionless ratio of the leaf area of the 
actively transpiring vegetation to the nominal surface area on which the vegetation is growing. 
The LAI is chosen from either known values or typical values included in the program. 

Soil and Material Data 

Soil and material data input consists of the final cover system’s hydrologic and hydraulic 
characteristics. Default soil and material characteristics may be obtained from existing typical 
data, or may be based on actual soil and material properties specific to the site. General 
descriptions for the soil and material characteristics are presented below: 

•	 Soil Water Content - the ratio of the volume of water within the soil to the total volume 
occupied by the soil. 

•	 Porosity - the soil water content at saturation. 

•	 Field Capacity - the soil water content at which a soil begins to drain water 

•	 Wilting Point - the lowest soil water content at which plants wilt and fail to recover their 
turgidity. 

•	 Water Capacity - the difference between the soil water contents at field capacity and wilting 
point. 

•	 Hydraulic Conductivity - the rate at which water drains vertically through a saturated soil 
with no vertical pressure gradient 

Site Design Data 

Site design data includes information that describes the general physical design characteristics 
of the landfill surface area to be analyzed. Typical design requirements include: 



 

 

 
    

 

 
   

 
 

  

 

  
 

 

 

  
 

 

•	 Slope of the uppermost layer (typically minimum slope, most conservative due to reduced 
runoff potential) 

•	 Maximum lateral drainage distance corresponding to the minimum, conservative slope, and 

•	 The fraction of daily potential runoff that can leave the landfill cover. 

Model Input Data 
The performance of the existing landfill was evaluated using the HELP model and 
existing/design conditions at the site. 

Landfill Design 
Per the City, the landfill is covered with 1-2 feet of glacial till. In addition, the southern area of 
the landfill, approximately 7.9 acres out of a total 29.9 acres (per City personnel), is covered 
with an 8-mil scrim-reinforced HDPE liner (Griffylon), increasing the amount of runoff from the 
landfill cover and decreasing the amount of infiltration through the landfill layers. The landfill 
generally consists of the following layers (with the exception of the 8-mil Griffylon), from top to 
bottom: 

Floor Area 

•	 Average 1.5 feet of glacial till, assumed to be silty sand (SM) with a poor stand of grass 
(with the exception of HDPE-covered area). 

•	 A layer of typical MSW. 

•	 A 12-inch layer of high permeability protective material (assumed gravel), that acts as a 
LCS. 

•	 A 60-mil HDPE geomembrane. 

•	 A composite drainage net (geotextile/geonet/geotextile). 

•	 A 60-mil HDPE geomembrane. 

Sideslope Area 

•	 Average 1.5 feet of glacial till, assumed to be silty sand (SM) with a poor stand of grass 
(with the exception of HDPE-covered area). 

•	 A layer of typical MSW. 

•	 A composite drainage net (geotextile/geonet/geotextile). 

•	 A 60-mil HDPE geomembrane. 



 
 

 
 
 

  

  

 
    

 

 
 

  
   

   
 

      

     

   
 

 
    

 

   
   

  

     
 

 

Climatic Data 
Historic climatic data for Tacoma, Washington were used for all simulations, and included daily 
values for precipitation and temperature obtained from the Tacoma 1 weather station. Solar 
radiation data was artificially generated using default equations in conjunction with the 
latitude, precipitation, and temperature. The data was obtained from over 20 years of historic 
climatic data ranging from 1983 to 2004. The precipitation scenario modeled was the data set 
containing the maximum 10-year mean annual precipitation from ten consecutive years during 
the period from 1983 to 2004. 

Relative humidity, evaporative zone depth, average annual wind speed, and growing season 
were obtained from the default data contained in the HELP model database for the city of Seattle. 

Soil Data 

The following is a summary of the soil/materials used to model the different components of the 
landfill. Material properties are summarized in Table 1. 

Cover Soil. Based on discussions with the City of Tacoma, it was determined that the cover soil 
consists of a glacial till. Glacial till can have many different qualities, ranging from silty sand to 
silt. However, for this analysis, it was assumed the material was silty sand (SM) with a 
hydraulic conductivity of approximately 1 x 10-2 cm/sec. 

Waste. There is little information regarding the existing waste material. However, the waste is 
relatively old, and has undergone primary consolidation, thus reducing the porosity of the 
waste and increasing the density. However, without further information, the default properties 
for waste were used, without allowing for channeling within the waste. 

Drainage Layer. Over the floor, the drainage layer was assumed to be a gravel layer typical for 
MSW landfills. On the sideslopes, a composite drainage net, or geonet sandwiched between 
geotextile, was assumed to be the drainage layer over the geomembrane. These layers will 
decrease the potential for buildup of head over the geomembrane, and will allow for horizontal 
drainage to an adjacent subsurface drainage system. 

60-mil HDPE Geomembrane. Without further information on the actual HDPE material used, the 
default HDPE material properties contained within the model were used. 

TABLE 1 
Summary of Material Properties 

Layer 
Porosity 
(vol/vol) 

Field Capacity 
(vol/vol) 

Wilting Point 
(vol/vol) 

Initial Soil Water 
Content (vol/vol) 

Saturated Hydraulic 
Conductivity (cm/sec) 

Cover soil 0.457 0.131 0.058 NA2 2.00x10-3 

Waste Layer 0.671 0.292 0.077 NA2 1.00x10-5 

HDPE 
geomembrane1 

.0033 .0023 .0013 .0033 2.00x10-13 



 

          
             

             
                

      

            
               

  

  

  

   
   

   
  

   

 
 

  
    

  

 
  

  

  

 
  

 
 

  

   
 

  

  

Drainage Layer 0.850 0.01 0.005 NA2	 10.00 

1	 Additional geosynthetic liner properties include a pinhole density (manufacturing defect) of 1 holes/acre, 
installation defects of 4.00 holes per acre, and a general placement quality rated as good. 

2	 Initial soil water content for the 10-year simulation was determined by running the model until it equalized. 
From this run, the final water storage values for each layer were obtained, and placed in the final model run. 
Therefore, this value varies for each model run. 

3	 These properties were assumed for use of the HDPE geomembrane as a vertical percolation layer over the 
top of the landfill. Porosity of actual HDPE geomembrane is measured in micrometers, and would be much 
smaller than reported here. 

NA = not applicable 

Site Design Data 

Design data was obtained from discussions with, and plan and profile AutoCAD drawings 
obtained from the City of Tacoma. Based on the existing plan view, the minimum slope for the 
cover system is 2%. Longest surface areas were obtained from the average over each area (west 
shallow sideslope, west steep sideslope, the floor, and the east sideslope). Based on the 
drawing, it appears that the entire surface area is available for runoff potential. 

Model Areas 
The plan and section drawings obtained from the City of Tacoma were used to develop the 
leachate quantities for the landfill. After reviewing the design sections, it was determined that 
the landfill could be broken into four different slope configurations: west shallow sideslope, 
west steep sideslope, the floor area, and the east sideslope. 

Sections showing the design slopes for the southerly covered portion of the landfill were 
unavailable. Therefore, it was assumed that the proportion of each slope area in the uncovered 
area was identical to the southerly area. 

West Shallow Sideslope 

To determine the average slopes for the west shallow sideslope, a total of seven design sections 
were reviewed. The resulting average slope was calculated to be 18.5%. Comparing existing 
grades with the design grades, the average depth was calculated to be 13.2 feet thick. This 
number was assumed to be the thickness of the waste. 

West Steep Sideslope 

The seven design sections were further reviewed for the west steep sideslope. The majority of 
the slopes were 50%, with two others substantially steeper. The average slope was calculated to 
be 69.6%, with an average thickness of 38.3 feet. 

Floor 

The slope of the floor was relatively uniform at 2%. The average thickness, based on the seven 
cross sections, was 57.9 feet. 



 

     
 

  
 

  
   

     
     

       
   

  
  

   
   

          

 
  

 
  

 
  

 

    

         

East Sideslope 

The east sideslope was relatively shallow and uniform, with the exception of the northerly end. 
The average slope for the eastern side was 20.6%, with an average thickness of 29.0 feet. 

Help Modeling Results 
The landfill was modeled using the maximum consecutive 10-year mean annual precipitation. 
The maximum and average yearly volumes of leachate were obtained from the model runs for 
each area. The model results were then input into a spreadsheet that calculated the monthly and 
yearly leachate volumes based on the measured areas. The results can be found in Appendix A. 
The entire HELP model results from the final cover evaluation are included in Appendix B. 

The monthly modeling results are summarized in Table 2. The results show that the maximum 
and average monthly leachate generation rates are 3,784,000 gallons/month and 2,517,000 
gallons/month, respectively. The minimum leachate expected during a high precipitation year is 
266,000 gallons/month, with an average low of 98,000 gallons per month. In addition, the 
maximum head buildup over the liner system is 1.214 inches (from Appendix B), which is much 
less than the 12 inch maximum allowed by regulations. 

TABLE 2 
Summary of Precipitation and associated Maximum and Average Help Modeling Results per Month 

Month Precipitation Maximum Leachate Average Leachate Monthly Summary 
(gallons) Generation Rate (gallons) Generation Rate (gallons) Avg. Daily Head 

(inch)a 

January 3,858,000 2,230,000 1,969,000 0.098 

February 3,080,000 3,391,000 2,298,000 0.145 

March 3,274,000 2,773,000 2,279,000 0.213 

April 1,859,000 3,784,000 2,517,000 0.579 

May 1,759,000 2,480,000 1,790,000 0.458 

June 1,694,000 1,399,000 1,105,000 0.361 

July 1,181,000 986,000 462,000 0.299 

August 753,000 313,000 179,000 0.240 

September 719,000 266,000 98,000 0.157 

October 1,853,000 539,000 199,000 0.000 

November 3,312,000 847,000 657,000 0.008 

December 2,021,000 1,087,000 1,071,000 0.022 

Yearly Total 25,363,000 20,095,000 14,624,000 NA 

a Occurs over the uncovered floor area.
 

Head over liner assumes adequate leachate removal practices are being performed.
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HELP -- SUMMARY OF RESULTS 

Note: Area in Acres (areas from system drawings found using AutoCad) 

MAXIMUM LEACHATE PRODUCTION 

Uncovered Area - Maximum Leachate Production 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope - Uncovered 5.6 31.2 42.7 37.1 28.2 8.1 0.6 2.9 0.0 0.0 3.6 5.9 19.1 179.4 
West Steep Sideslope - Uncovered 1.4 5.7 6.8 8.7 10.0 6.8 6.5 4.9 5.2 4.4 1.8 1.0 2.2 63.9 
Floor - Uncovered 4.7 2.6 3.4 5.6 14.7 12.1 9.2 7.9 6.3 4.0 0.0 0.2 0.6 66.6 
East Sideslope - Uncovered 10.2 28.2 52.5 35.4 64.8 47.6 31.9 19.8 0.0 1.4 10.2 17.9 10.1 319.7 

Sum (in-Ac) 67.6 105.5 86.7 117.7 74.5 48.2 35.5 11.5 9.7 15.6 25.0 32.0 629.5 
gpm 41.9 65.4 53.8 72.9 46.2 29.9 22.0 7.2 6.0 9.7 15.5 19.8 Total Annual 
monthly (gal) 1,835,000 2,864,000 2,354,000 3,195,000 2,024,000 1,308,000 965,000 313,000 264,000 423,000 678,000 869,000 17,092,000 

Covered Area - Maximum Leachate Production 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope - Covered 2.0 6.9 7.5 4.5 6.0 0.9 0.0 0.1 0.0 0.0 1.5 2.1 2.8 32.3 
West Steep Sideslope - Covered 0.5 0.6 1.2 1.1 1.5 1.7 0.5 0.0 0.0 0.0 0.4 0.5 0.6 8.2 
Floor - Covered 1.7 0.9 0.4 1.0 2.4 2.3 1.8 0.6 0.0 0.0 0.0 0.1 0.2 9.6 
East Sideslope - Covered 3.7 6.1 10.4 8.8 11.8 12.0 0.9 0.1 0.0 0.0 2.4 3.6 4.4 60.6 

Sum (in-Ac) 14.5 19.4 15.4 21.7 16.8 3.3 0.8 0.0 0.0 4.3 6.2 8.0 110.5 
gpm 9.0 12.0 9.6 13.5 10.4 2.1 0.5 0.0 0.0 2.6 3.9 5.0 Total Annual 
monthly (gal) 395,000 527,000 419,000 589,000 456,000 91,000 22,000 - 1,000 116,000 169,000 218,000 3,003,000 

Total - Maximum Leachate Production 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope 7.7 38.0 50.2 41.6 34.2 9.0 0.6 3.0 0.0 0.0 5.1 8.0 21.9 211.7 
West Steep Sideslope 1.9 6.3 8.0 9.8 11.5 8.5 7.0 4.9 5.2 4.4 2.2 1.4 2.8 72.0 
Floor 6.4 3.5 3.8 6.6 17.1 14.3 11.0 8.4 6.3 4.0 0.0 0.3 0.8 76.1 
East Sideslope 13.9 34.3 62.9 44.2 76.6 59.6 32.8 19.9 0.0 1.4 12.6 21.5 14.5 380.2 

Sum (in-Ac) 82.1 124.9 102.1 139.4 91.3 51.5 36.3 11.5 9.8 19.8 31.2 40.0 740.0 
gpm 50.9 77.4 63.3 86.4 56.6 31.9 22.5 7.2 6.1 12.3 19.3 24.8 Total Annual 
monthly (gal) 2,230,000 3,391,000 2,773,000 3,784,000 2,480,000 1,399,000 986,000 313,000 266,000 539,000 847,000 1,087,000 20,095,000 

AVERAGE LEACHATE PRODUCTION 

Uncovered Area - Average Leachate Production 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope - Uncovered 5.6 26.3 26.9 20.8 19.0 9.9 4.2 1.0 0.6 0.8 3.6 9.3 19.4 141.7 
West Steep Sideslope - Uncovered 1.4 4.0 4.8 5.3 6.0 5.8 4.9 4.3 3.2 1.6 1.2 1.7 2.3 44.9 
Floor - Uncovered 4.7 2.3 3.4 4.6 7.9 7.6 6.5 5.3 2.5 1.0 0.1 0.7 0.8 42.6 
East Sideslope - Uncovered 10.2 26.9 35.5 38.0 43.9 34.5 23.4 6.1 0.1 0.2 1.9 8.5 10.7 229.6 

Sum (in-Ac) 59.5 70.5 68.8 76.7 57.8 39.0 16.6 6.4 3.5 6.7 20.1 33.1 458.8 
gpm 36.9 43.7 42.6 47.6 35.8 24.2 10.3 4.0 2.2 4.2 12.5 20.5 Total Annual 
monthly (gal) 1,614,000 1,916,000 1,867,000 2,083,000 1,570,000 1,060,000 450,000 174,000 95,000 183,000 546,000 900,000 12,458,000 

Covered Area - Average Leachate Production 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope - Covered 2.0 5.3 5.2 4.7 3.6 0.5 0.2 0.1 0.1 0.0 0.2 1.3 2.6 23.9 
West Steep Sideslope - Covered 0.5 0.8 0.9 1.1 1.3 0.9 0.2 0.0 0.0 0.0 0.0 0.3 0.4 5.8 
Floor - Covered 1.7 0.7 0.8 1.0 1.4 1.3 0.5 0.1 0.0 0.0 0.0 0.3 0.3 6.4 
East Sideslope - Covered 3.7 6.3 7.2 8.3 9.7 5.5 0.7 0.2 0.1 0.1 0.3 2.2 3.0 43.6 

Sum (in-Ac) 13.1 14.1 15.1 16.0 8.1 1.6 0.4 0.2 0.1 0.6 4.1 6.3 79.7 
gpm 8.1 8.7 9.4 9.9 5.0 1.0 0.3 0.1 0.1 0.4 2.5 3.9 Total Annual 
monthly (gal) 354,000 382,000 411,000 434,000 220,000 44,000 12,000 6,000 3,000 16,000 110,000 171,000 2,163,000 

Total - Average Leachate Production 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope 7.7 31.6 32.1 25.5 22.6 10.4 4.4 1.1 0.6 0.8 3.8 10.6 22.0 165.6 
West Steep Sideslope 1.9 4.8 5.6 6.4 7.3 6.6 5.1 4.3 3.2 1.6 1.2 1.9 2.7 50.8 
Floor 6.4 3.0 4.1 5.6 9.3 8.9 7.1 5.3 2.5 1.0 0.1 0.9 1.1 49.0 
East Sideslope 13.9 33.2 42.8 46.4 53.6 40.0 24.2 6.3 0.2 0.2 2.2 10.7 13.7 273.2 

Sum (in-Ac) 72.5 84.6 83.9 92.7 65.9 40.7 17.0 6.6 3.6 7.3 24.2 39.4 538.5 
gpm 44.9 52.5 52.0 57.5 40.9 25.2 10.6 4.1 2.2 4.5 15.0 24.4 Total Annual 
monthly (gal) 1,969,000 2,298,000 2,279,000 2,517,000 1,790,000 1,105,000 462,000 179,000 98,000 199,000 657,000 1,071,000 14,624,000 



   

   
    
    
  

   
 

 

   

   
    
    
  

   
 

 

  

   
  
  

 
 

 

PRECIPITATION 

Uncovered Area - Precipitation 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope - Uncovered 5.6 48.6 46.8 28.3 8.6 10.4 10.0 5.7 2.5 1.1 16.5 60.1 28.7 267.5 
West Steep Sideslope - Uncovered 1.4 12.1 11.6 7.0 2.1 2.6 2.5 1.4 0.6 0.3 4.1 14.9 7.1 66.4 
Floor - Uncovered 4.7 13.3 16.0 17.9 20.2 19.4 16.3 14.3 10.8 5.3 4.0 5.5 7.6 150.5 
East Sideslope - Uncovered 10.2 5.0 7.4 10.1 17.2 16.6 14.3 11.5 5.5 2.2 0.1 1.5 1.7 93.1 

Sum (in-Ac) 79.0 81.8 63.4 48.1 48.9 43.1 32.9 19.4 8.9 24.8 82.1 45.2 577.4 
gpm 49.0 50.7 39.3 29.8 30.3 26.7 20.4 12.0 5.5 15.3 50.9 28.0 Total Annual 
monthly (gal) 2,145,000 2,221,000 1,721,000 1,306,000 1,327,000 1,170,000 894,000 526,000 241,000 672,000 2,229,000 1,226,000 15,678,000 

Covered Area - Precipitation 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope - Covered 2.0 15.8 5.8 15.9 5.8 4.2 5.3 2.9 2.5 5.6 12.6 7.1 6.8 90.3 
West Steep Sideslope - Covered 0.5 3.9 1.4 3.9 1.4 1.0 1.3 0.7 0.6 1.4 3.1 1.8 1.7 22.4 
Floor - Covered 1.7 14.5 14.0 8.5 2.6 3.1 3.0 1.7 0.7 0.3 4.9 18.0 8.6 79.9 
East Sideslope - Covered 3.7 28.8 10.5 28.9 10.5 7.6 9.7 5.3 4.5 10.2 22.8 13.0 12.3 164.0 

Sum (in-Ac) 63.1 31.6 57.2 20.4 15.9 19.3 10.6 8.3 17.6 43.5 39.9 29.3 356.6 
gpm 39.1 19.6 35.5 12.6 9.9 12.0 6.6 5.2 10.9 27.0 24.7 18.2 Total Annual 
monthly (gal) 1,712,000 859,000 1,553,000 553,000 432,000 524,000 288,000 226,000 478,000 1,180,000 1,082,000 795,000 9,682,000 

Total - Precipitation 

Area Names Area (Ac) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mo total 
West Shallow Sideslope 7.7 64.4 52.6 44.3 14.4 14.5 15.3 8.6 5.0 6.8 29.1 67.3 35.5 357.8 
West Steep Sideslope 1.9 16.0 13.0 11.0 3.6 3.6 3.8 2.1 1.2 1.7 7.2 16.7 8.8 88.8 
Floor 6.4 27.9 30.0 26.3 22.7 22.5 19.3 16.0 11.5 5.6 9.0 23.5 16.2 230.4 
East Sideslope 13.9 33.8 17.8 39.0 27.7 24.1 24.0 16.8 10.0 12.4 23.0 14.5 13.9 257.1 

Sum (in-Ac) 142.1 113.4 120.6 68.5 64.8 62.4 43.5 27.7 26.5 68.2 122.0 74.4 934.0 
gpm 88.1 70.3 74.8 42.4 40.2 38.7 27.0 17.2 16.4 42.3 75.6 46.1 Total Annual 
monthly (gal) 3,858,000 3,080,000 3,274,000 1,859,000 1,759,000 1,694,000 1,181,000 753,000 719,000 1,853,000 3,312,000 2,021,000 25,363,000 



   

  

  

   
   
   
   
   

 
 

  
  

  
  
   

   
  
   

   
  
   

   
  
   

   
  
   

   
  
   

   
  
   

   
  
   

   

HELP -- Raw Results 

File Name Description: 
W West 
E East 
FLR floor 
SS sideslope 
SH shallow 
ST steep 
R1 final model run 
1 uncovered 
2 covered 

HELP run and description 
wsssh1r2 Western sideslope, shallow, uncovered 
wsssh2r1 Western sideslope, shallow, covered 
wssst1r2 Western sideslope, steep, uncovered 
wssst2r1 Western sideslope, steep, covered 
floorR2 floor, uncovered 
floor2r1 floor, covered 
ess1r2 Eastern sideslope, uncovered 
ess2r1 Eastern sideslope, covered 

HELP Run Data Used Jan Feb Mar Apr May 
Monthly Precipitation, 1999 8.62 8.31 5.03 1.53 1.84 

wsssh1r2 Highest Leachate Production, 1999 5.5287 7.5758 6.5813 5.0002 1.4365 
Avg 10 yr pd. 4.6632 4.7692 3.6822 3.3629 1.7640 
Monthly Precipitation, 1997 7.81 2.84 7.84 2.86 2.06 

wsssh2r1 Highest Leachate Production, 1997 3.3941 3.6782 2.2251 2.9751 0.4304 
Avg 10 yr pd. 2.6286 2.5731 2.3381 1.7828 0.2313 
Monthly Precipitation, 1999 8.62 8.31 5.03 1.53 1.84 

wssst1r2 Highest Leachate Production, 1999 4.0626 4.8661 6.1889 7.1372 4.8679 
Avg 10 yr pd. 2.8517 3.4100 3.8189 4.3053 4.1375 
Monthly Precipitation, 1997 7.81 2.84 7.84 2.86 2.06 

wssst2r1 Highest Leachate Production, 1997 1.2712 2.3784 2.2518 2.9982 3.3215 
Avg 10 yr pd. 1.5322 1.7405 2.1105 2.5500 1.7142 
Monthly Precipitation, 1999 8.62 8.31 5.03 1.53 1.84 

floorR2 Highest Leachate Production, 1999 0.5528 0.7344 1.1972 3.1492 2.577 
Avg 10 yr pd. 0.4910 0.7197 0.9893 1.6799 1.6169 
Monthly Precipitation, 1999 8.6200 8.3100 5.0300 1.5300 1.8400 

floor2r1 Highest Leachate Production, 1999 0.5235 0.2439 0.5661 1.4026 1.3359 
Avg 10 yr pd. 0.3919 0.4551 0.6045 0.8416 0.7918 
Monthly Precipitation, 1997 7.81 2.84 7.84 2.86 2.06 

ess1r2 Highest Leachate Production, 1997 2.7516 5.1323 3.4539 6.3265 4.6466 
Avg 10 yr pd. 2.6266 3.4711 3.7164 4.2871 3.3709 
Monthly Precipitation, 1997 7.81 2.84 7.84 2.86 2.06 

ess2r1 Highest Leachate Production, 1997 1.6626 2.8104 2.3939 3.2025 3.2610 
Avg 10 yr pd. 1.7066 1.9600 2.2603 2.6256 1.4795 



 In Inches 

Jun Jul Aug Sep Oct Nov Dec sum 
1.78 1.01 0.44 0.2 2.93 10.67 5.1 47.4600 

0.1011 0.521 0.0068 0 0.6442 1.0454 3.3902 31.8312 
0.7469 0.1756 0.1023 0.1375 0.6419 1.6491 3.4461 25.1409 

2.62 1.43 1.22 2.78 6.2 3.52 3.33 44.5100 
0.0238 0.0332 0.0000 0.0088 0.7333 1.0230 1.3821 15.9071 
0.1010 0.0585 0.0291 0.0150 0.1007 0.6590 1.2618 11.7790 

1.78 1.01 0.44 0.2 2.93 10.67 5.1 47.4600 
4.6417 3.5245 3.7108 3.1344 1.286 0.6822 1.5866 45.6889 
3.4750 3.0479 2.2996 1.1268 0.8600 1.1805 1.6291 32.1423 

2.62 1.43 1.22 2.78 6.2 3.52 3.33 44.5100 
1.0394 0.0340 0.0033 0.0026 0.7338 0.9253 1.2394 16.1989 
0.3853 0.0733 0.0306 0.0123 0.0946 0.5629 0.7780 11.5844 

1.78 1.01 0.44 0.2 2.93 10.67 5.1 47.4600 
1.9651 1.6787 1.3478 0.8547 0 0.0423 0.1238 14.2230 
1.3980 1.1273 0.5402 0.2145 0.0118 0.1487 0.1613 9.0986 
1.7800 1.0100 0.4400 0.2000 2.9300 10.6700 5.1000 47.4600 
1.0907 0.3460 0.0000 0.0004 0.0004 0.0519 0.1172 5.6786 
0.3046 0.0381 0.0018 0.0009 0.0195 0.1507 0.1814 3.7819 

2.62 1.43 1.22 2.78 6.2 3.52 3.33 44.5100 
3.1178 1.9347 0.0001 0.1321 0.9918 1.7515 0.9879 31.2268 
2.2896 0.5918 0.0074 0.0147 0.1816 0.8280 1.0436 22.4288 

2.62 1.43 1.22 2.78 6.2 3.52 3.33 44.5100 
0.2511 0.0349 0.0000 0.0078 0.6511 0.9724 1.1918 16.4395 
0.1940 0.0600 0.0348 0.0163 0.0849 0.5946 0.8256 11.8422 
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\EVAPTRAN.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\WSSSH1R2.D10
 
OUTPUT DATA FILE: C:\tLF\WSSSH1R2.OUT
 

TIME: 16:50 DATE: 5/ 2/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - WSS - Shallow
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.1962 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 158.00 INCHES 
POROSITY = 0.6710 VOL/VOL 
FIELD CAPACITY = 0.2920 VOL/VOL 
WILTING POINT = 0.0770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3265 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES 
POROSITY = 0.8500 VOL/VOL 
FIELD CAPACITY = 0.0100 VOL/VOL 
WILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0214 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC 
SLOPE = 18.46 PERCENT 
DRAINAGE LENGTH = 150.0 FEET 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS
 
POROSITY
 
FIELD CAPACITY
 
WILTING POINT
 
INITIAL SOIL WATER CONTENT
 
EFFECTIVE SAT. HYD. COND.
 
FML PINHOLE DENSITY
 
FML INSTALLATION DEFECTS
 
FML PLACEMENT QUALITY
 

=
 
=
 
=
 
=
 
=
 
=
 
=
 
=
 
=
 

0.06 INCHES
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 

0.199999996000E-12 CM/SEC
 
1.00 HOLES/ACRE 
4.00 HOLES/ACRE 

3 - GOOD 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
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NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE # 5 WITH A
 
POOR STAND OF GRASS, A SURFACE SLOPE OF 2.%
 
AND A SLOPE LENGTH OF 150. FEET.
 

SCS RUNOFF CURVE NUMBER = 77.90
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 5.491 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.252 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.506 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 55.124 INCHES
 
TOTAL INITIAL WATER = 55.124 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 1.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 3.54 
0.27 

4.72 
0.36 

4.02 
1.82 

2.44 
4.52 

1.63 
5.24 

2.04 
7.52 

RUNOFF 0.000 
0.000 

0.000 
0.000 

0.008 
0.000 

0.000 
0.000 

0.000 
0.003 

0.000 
0.034 

EVAPOTRANSPIRATION 1.276 
0.363 

1.227 
0.344 

2.496 
0.341 

2.106 
0.291 

1.623 
1.006 

2.082 
0.995 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

3.9342 
0.0817 

3.0121 
0.0000 

2.7422 
1.1011 

2.7333 
0.6664 

2.3866 
1.7608 

0.4473 
2.6987 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.1880 
0.0051 

0.1538 
0.0000 

0.1319 
0.0673 

0.1540 
0.0441 

0.1364 
0.1059 

0.0323 
0.1357 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.002 0.002 0.001 0.001 0.001 0.000 
0.000 0.000 0.001 0.000 0.001 0.001 

0.001 0.000 0.001 0.000 0.001 0.000 
0.000 0.000 0.001 0.000 0.001 0.001 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 38.12 138375.609 100.00 

RUNOFF 0.046 166.424 0.12 

EVAPOTRANSPIRATION 14.150 51365.391 37.12 

DRAINAGE COLLECTED FROM LAYER 3 21.5645 78279.086 56.57 

PERC./LEAKAGE THROUGH LAYER 4 1.154466 4190.713 3.03 

AVG. HEAD ON TOP OF LAYER 4 0.0009 
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CHANGE IN WATER STORAGE 1.205 4374.018 3.16
 

SOIL WATER AT START OF YEAR 55.129 200119.109
 

SOIL WATER AT END OF YEAR 56.334 204493.125
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.019 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 0.000 0.164 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.202 0.000
 

EVAPOTRANSPIRATION 1.226 1.438 2.382 2.213 0.726 0.190
 
0.931 0.342 0.219 1.276 1.169 1.016
 

LATERAL DRAINAGE COLLECTED 5.1925 2.9903 4.3152 3.6420 1.6034 0.6858
 
FROM LAYER 3 0.2783 1.0139 0.2056 1.2703 2.0937 4.6239
 

PERCOLATION/LEAKAGE THROUGH	 0.2122 0.1417 0.1910 0.1786 0.0940 0.0472
 
LAYER 4 0.0233 0.0657 0.0139 0.0862 0.1184 0.1762
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.002 0.002 0.002 0.001 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.001 0.001 0.002
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.001 0.001 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.001 0.000 0.000 0.001 0.002
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 43.86 159211.797 100.00
 

RUNOFF 0.366 1326.976 0.83
 

EVAPOTRANSPIRATION 13.129 47657.738 29.93
 

DRAINAGE COLLECTED FROM LAYER 3 27.9149 101331.109 63.65
 

PERC./LEAKAGE THROUGH LAYER 4 1.348317 4894.390 3.07
 

AVG. HEAD ON TOP OF LAYER 4 0.0011
 

CHANGE IN WATER STORAGE 1.102 4001.663 2.51
 

SOIL WATER AT START OF YEAR 56.334 204493.125
 

SOIL WATER AT END OF YEAR 57.437 208494.781
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.074 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 0.025 0.810 0.000 0.228 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.114
 

EVAPOTRANSPIRATION 1.195 1.433 2.056 4.109 2.833 1.515
 
1.304 0.744 0.916 0.905 1.010 0.938
 

LATERAL DRAINAGE COLLECTED 5.1692 8.1291 5.6013 2.1871 1.7156 1.6227
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FROM LAYER 3 0.4017 0.0054 0.0020 0.4288 2.3511 3.2834
 

PERCOLATION/LEAKAGE THROUGH 0.1990 0.2559 0.2280 0.1173 0.1152 0.1080
 
LAYER 4 0.0310 0.0008 0.0004 0.0295 0.1284 0.1424
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.004 0.003 0.001 0.001 0.001
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.002
 

STD. DEVIATION OF DAILY 0.001 0.002 0.000 0.001 0.001 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 54.93 199395.891 100.00 

RUNOFF 1.176 4267.932 2.14 

EVAPOTRANSPIRATION 18.958 68817.133 34.51 

DRAINAGE COLLECTED FROM LAYER 3 30.8976 112158.172 56.25 

PERC./LEAKAGE THROUGH LAYER 4 1.356074 4922.550 2.47 

AVG. HEAD ON TOP OF LAYER 4 0.0013 

CHANGE IN WATER STORAGE 2.543 9230.090 4.63 

SOIL WATER AT START OF YEAR 57.437 208494.781 

SOIL WATER AT END OF YEAR 59.979 217724.875 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.012 0.00 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 7.81 
1.43 

2.84 
1.22 

7.84 
2.78 

2.86 
6.20 

2.06 
3.52 

2.62 
3.33 

RUNOFF 0.098 
0.000 

0.000 
0.000 

0.024 
0.000 

0.000 
0.009 

0.000 
0.000 

0.000 
0.039 

EVAPOTRANSPIRATION 1.180 
2.075 

1.308 
0.782 

2.276 
1.062 

3.038 
1.517 

2.169 
1.091 

2.855 
0.942 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

7.0647 
0.7809 

5.8985 
0.0296 

3.2556 
0.4843 

5.7897 
1.9482 

2.0217 
1.9099 

0.3186 
2.0149 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.2290 
0.0540 

0.2198 
0.0031 

0.1540 
0.0333 

0.2275 
0.1156 

0.1183 
0.1107 

0.0390 
0.1239 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.003 0.003 0.002 0.003 0.001 0.000 
0.000 0.000 0.000 0.001 0.001 0.001 

0.002 0.001 0.001 0.001 0.001 0.000 
0.000 0.000 0.000 0.001 0.001 0.001 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 44.51 161571.266 100.00 

RUNOFF 0.170 617.693 0.38 

EVAPOTRANSPIRATION 20.296 73674.766 45.60 

DRAINAGE COLLECTED FROM LAYER 3 31.5165 114404.992 70.81 

PERC./LEAKAGE THROUGH LAYER 4 1.428172 5184.264 3.21 

AVG. HEAD ON TOP OF LAYER 4 0.0013 
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CHANGE IN WATER STORAGE -8.901 -32310.371 -20.00
 

SOIL WATER AT START OF YEAR 59.979 217724.875
 

SOIL WATER AT END OF YEAR 51.078 185414.500
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.075 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.365 0.090
 

EVAPOTRANSPIRATION 1.173 1.394 2.174 1.555 1.433 0.517
 
0.862 0.153 0.069 0.258 1.112 0.960
 

LATERAL DRAINAGE COLLECTED 1.8433 4.5402 2.9089 3.2387 1.2804 0.9206
 
FROM LAYER 3 0.3762 0.0000 0.0000 0.9962 1.4884 5.4702
 

PERCOLATION/LEAKAGE THROUGH	 0.1047 0.1891 0.1522 0.1697 0.0736 0.0634
 
LAYER 4 0.0416 0.0000 0.0000 0.0658 0.0872 0.2044
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.001 0.002 0.001 0.002 0.001 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.003
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.000 0.001 0.001
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.002
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 0.455 1652.365 1.02
 

EVAPOTRANSPIRATION 11.659 42322.738 26.21
 

DRAINAGE COLLECTED FROM LAYER 3 23.0631 83719.008 51.85
 

PERC./LEAKAGE THROUGH LAYER 4 1.151795 4181.014 2.59
 

AVG. HEAD ON TOP OF LAYER 4 0.0009
 

CHANGE IN WATER STORAGE 8.151 29587.262 18.32
 

SOIL WATER AT START OF YEAR 51.078 185414.500
 

SOIL WATER AT END OF YEAR 59.229 215001.766
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.066 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 0.124 0.017 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.239 0.129
 

EVAPOTRANSPIRATION 1.226 1.351 2.384 2.129 2.330 1.576
 
2.150 0.801 0.134 0.347 1.112 0.974
 

LATERAL DRAINAGE COLLECTED 5.5287 7.5758 6.5813 5.0002 1.4365 0.1011
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FROM LAYER 3 0.5210 0.0068 0.0000 0.6442 1.0454 3.3902
 

PERCOLATION/LEAKAGE THROUGH 0.2064 0.2310 0.2391 0.2107 0.0960 0.0268
 
LAYER 4 0.0416 0.0008 0.0000 0.0485 0.0707 0.1539
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.003 0.004 0.003 0.002 0.001 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.002
 

STD. DEVIATION OF DAILY 0.001 0.002 0.001 0.001 0.001 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 47.46 172279.812 100.00 

RUNOFF 0.509 1849.380 1.07 

EVAPOTRANSPIRATION 16.513 59942.781 34.79 

DRAINAGE COLLECTED FROM LAYER 3 31.8313 115547.555 67.07 

PERC./LEAKAGE THROUGH LAYER 4 1.325691 4812.258 2.79 

AVG. HEAD ON TOP OF LAYER 4 0.0013 

CHANGE IN WATER STORAGE -2.720 -9872.178 -5.73 

SOIL WATER AT START OF YEAR 59.229 215001.766 

SOIL WATER AT END OF YEAR 56.510 205129.594 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.018 0.00 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 4.04 
0.72 

5.93 
0.77 

4.18 
0.87 

1.56 
3.53 

2.56 
3.65 

1.33 
2.80 

RUNOFF 0.000 
0.000 

0.022 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

EVAPOTRANSPIRATION 1.124 
0.880 

1.349 
0.847 

2.292 
0.249 

2.296 
0.291 

2.466 
0.304 

1.494 
0.997 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

4.7847 
0.0114 

3.3874 
0.0393 

3.3069 
0.0458 

3.3606 
1.2076 

2.0462 
2.0057 

0.7324 
2.5462 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.2023 
0.0015 

0.1621 
0.0099 

0.1716 
0.0055 

0.1732 
0.0858 

0.1344 
0.1083 

0.0516 
0.1453 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.002 0.002 0.002 0.002 0.001 0.000 
0.000 0.000 0.000 0.001 0.001 0.001 

0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.001 0.001 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 31.94 115942.289 100.00 

RUNOFF 0.022 80.421 0.07 

EVAPOTRANSPIRATION 14.589 52959.559 45.68 

DRAINAGE COLLECTED FROM LAYER 3 23.4742 85211.430 73.49 

PERC./LEAKAGE THROUGH LAYER 4 1.251514 4542.995 3.92 

AVG. HEAD ON TOP OF LAYER 4 0.0010 
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CHANGE IN WATER STORAGE -7.397 -26852.229 -23.16
 

SOIL WATER AT START OF YEAR 56.510 205129.594
 

SOIL WATER AT END OF YEAR 49.112 178277.359
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.115 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.840 0.077
 

EVAPOTRANSPIRATION 1.209 1.359 0.695 0.692 1.262 1.840
 
0.208 1.157 0.086 0.451 1.131 1.017
 

LATERAL DRAINAGE COLLECTED 1.7778 1.8616 1.7371 1.7428 2.8329 1.6894
 
FROM LAYER 3 0.4639 0.2110 0.9140 1.0804 0.9883 3.3993
 

PERCOLATION/LEAKAGE THROUGH	 0.1073 0.1179 0.1060 0.1025 0.1520 0.1054
 
LAYER 4 0.0289 0.0165 0.0566 0.0771 0.0661 0.1425
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.001 0.001 0.001 0.001 0.001 0.001
 
TOP OF LAYER 4 0.000 0.000 0.000 0.001 0.000 0.002
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.001 0.001 0.001
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.001 0.000 0.001 0.001
 

*******************************************************************************
 



 

                               
 -------------------------------------------------------------------------------
                                                          
                                         --------        ----------    -------
                                           

                                                      

                                       

                             

                               

                       

                                      

                             

                               

                                         

                                           

                                      

 

 

                         
 -------------------------------------------------------------------------------

                                      
                                 ------- ------- ------- ------- ------- -------     

                                         
                                                      

                                           
                                                 

                               
                                                 

                    

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 0.917 3328.169 2.25
 

EVAPOTRANSPIRATION 11.107 40318.230 27.28
 

DRAINAGE COLLECTED FROM LAYER 3 18.6985 67875.453 45.93
 

PERC./LEAKAGE THROUGH LAYER 4 1.078759 3915.895 2.65
 

AVG. HEAD ON TOP OF LAYER 4 0.0008
 

CHANGE IN WATER STORAGE 8.909 32339.547 21.88
 

SOIL WATER AT START OF YEAR 49.112 178277.359
 

SOIL WATER AT END OF YEAR 58.021 210616.906
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.032 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
 

RUNOFF 0.000 0.000 0.000 0.004 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.000
 

EVAPOTRANSPIRATION 1.200 1.407 2.329 2.210 1.282 1.263
 
0.984 0.517 0.223 0.086 0.685 1.043
 

LATERAL DRAINAGE COLLECTED 5.4876 3.8928 3.1001 3.1166 3.3104 0.3636
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FROM LAYER 3 0.5017 0.0000 0.0001 0.0033 0.9210 1.4864
 

PERCOLATION/LEAKAGE THROUGH 0.2198 0.1790 0.1594 0.1574 0.1748 0.0368
 
LAYER 4 0.0353 0.0000 0.0000 0.0012 0.0649 0.0864
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.003 0.002 0.001 0.002 0.002 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 30.18 109553.453 100.00 

RUNOFF 0.005 17.030 0.02 

EVAPOTRANSPIRATION 13.230 48023.605 43.84 

DRAINAGE COLLECTED FROM LAYER 3 22.1835 80526.273 73.50 

PERC./LEAKAGE THROUGH LAYER 4 1.115031 4047.561 3.69 

AVG. HEAD ON TOP OF LAYER 4 0.0009 

CHANGE IN WATER STORAGE -6.353 -23061.088 -21.05 

SOIL WATER AT START OF YEAR 58.021 210616.906 

SOIL WATER AT END OF YEAR 51.668 187555.828 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.078 0.00 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 8.50 
0.13 

1.71 
0.29 

5.08 
0.69 

3.30 
8.88 

0.55 
6.15 

0.36 
4.65 

RUNOFF 0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.736 

0.000 
0.005 

0.000 
0.000 

EVAPOTRANSPIRATION 1.280 
0.024 

1.369 
0.067 

2.417 
0.122 

3.536 
1.425 

0.129 
1.035 

0.061 
1.024 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

3.3820 
0.1026 

4.1589 
0.2077 

3.2578 
0.5294 

3.3618 
0.3630 

0.4890 
2.5461 

0.2498 
3.0648 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.1564 
0.0065 

0.1738 
0.0154 

0.1622 
0.0368 

0.1724 
0.0283 

0.0366 
0.1351 

0.0178 
0.1447 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.002 0.002 0.002 0.002 0.000 0.000 
0.000 0.000 0.000 0.000 0.001 0.001 

0.001 0.001 0.001 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.001 0.001 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 40.29 146252.687 100.00 

RUNOFF 0.740 2687.929 1.84 

EVAPOTRANSPIRATION 12.488 45331.953 31.00 

DRAINAGE COLLECTED FROM LAYER 3 21.7128 78817.500 53.89 

PERC./LEAKAGE THROUGH LAYER 4 1.086203 3942.917 2.70 

AVG. HEAD ON TOP OF LAYER 4 0.0009 
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CHANGE IN WATER STORAGE 4.262 15472.394 10.58 

SOIL WATER AT START OF YEAR 51.668 187555.828 

SOIL WATER AT END OF YEAR 55.931 203028.219 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.004 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 0.025 0.101 0.003 0.023 0.000 0.000
 
0.000 0.000 0.000 0.074 0.165 0.048
 

STD. DEVIATIONS 0.047 0.254 0.008 0.072 0.000 0.000
 
0.000 0.000 0.000 0.232 0.271 0.051
 

EVAPOTRANSPIRATION
 

TOTALS 1.209 1.364 2.150 2.388 1.625 1.339
 
0.978 0.575 0.342 0.685 0.966 0.991
 

STD. DEVIATIONS 0.047 0.063 0.527 0.971 0.836 0.872
 
0.714 0.347 0.353 0.543 0.269 0.036
 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 
---------------------------------------­

TOTALS 4.4165 4.5447 
0.3519 0.1514 

3.6806 
0.3282 

3.4173 
0.8608 

1.9123 
1.7110 

0.7131 
3.1978 

STD. DEVIATIONS 1.6862 2.0479 1.4374 1.2064 0.8057 0.5540 
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0.2374 0.3143 0.4123 0.5569 0.5794 1.1691
 

PERCOLATION/LEAKAGE THROUGH LAYER 4
 

TOTALS 0.1825 0.1824 0.1695 0.1663 0.1132 0.0528
 
0.0269 0.0112 0.0214 0.0582 0.0996 0.1456
 

STD. DEVIATIONS 0.0448 0.0426 0.0406 0.0375 0.0400 0.0311
 
0.0177 0.0202 0.0255 0.0342 0.0258 0.0308
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 4
 

AVERAGES 0.0021 0.0024 0.0018 0.0017 0.0009 0.0004
 
0.0002 0.0001 0.0002 0.0004 0.0008 0.0015
 

STD. DEVIATIONS 0.0008 0.0011 0.0007 0.0006 0.0004 0.0003
 
0.0001 0.0002 0.0002 0.0003 0.0003 0.0006
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF 0.441 ( 0.4030) 1599.43 1.058
 

EVAPOTRANSPIRATION 14.612 ( 3.0668) 53041.39 35.084
 

LATERAL DRAINAGE COLLECTED 25.28569 ( 4.80651) 91787.062 60.71284
 
FROM LAYER 3
 

PERCOLATION/LEAKAGE THROUGH 1.22960 ( 0.12797) 4463.456 2.95237
 
LAYER 4
 

AVERAGE HEAD ON TOP 0.001 ( 0.000)
 
OF LAYER 4
 

CHANGE IN WATER STORAGE 0.080 ( 6.2782) 290.91 0.192
 

*******************************************************************************
 

http:53041.39


 

                        
    ------------------------------------------------------------------------
                                                        
                                                   
                                              

                                                     

                              

                          

                          

                          

              
                                

                                                   

                             

                             

                  

                    
      

                             
                                

 

******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 0.808 2932.1130 

DRAINAGE COLLECTED FROM LAYER 3 0.46621 1692.34717 

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.011856 43.03823 

AVERAGE HEAD ON TOP OF LAYER 4 0.007 

MAXIMUM HEAD ON TOP OF LAYER 4 0.038 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

3 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.3385
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.0627
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 4.2663 0.2370 

2 51.6533 0.3269 

3 0.0057 0.0227 

4 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\ET_CVR.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\WSSSH2R1.D10
 
OUTPUT DATA FILE: C:\tLF\WSSSH2R1.OUT
 

TIME: 10:42 DATE: 4/27/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - Cover Area
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 45
 

THICKNESS = 0.01 INCHES
 
POROSITY = 0.0030 VOL/VOL
 
FIELD CAPACITY = 0.0020 VOL/VOL
 
WILTING POINT = 0.0010 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0010 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2404 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 3
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 158.00 INCHES
 
POROSITY = 0.6710 VOL/VOL
 
FIELD CAPACITY = 0.2920 VOL/VOL
 
WILTING POINT = 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.3083 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 4
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES
 
POROSITY = 0.8500 VOL/VOL
 
FIELD CAPACITY = 0.0100 VOL/VOL
 
WILTING POINT = 0.0050 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0953 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
 
SLOPE = 18.46 PERCENT
 
DRAINAGE LENGTH = 150.0 FEET
 

LAYER 5
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
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INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE #17 WITH BARE
 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
 
A SLOPE LENGTH OF 150. FEET.
 

SCS RUNOFF CURVE NUMBER = 96.90
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 6.175 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.247 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.505 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 53.062 INCHES
 
TOTAL INITIAL WATER = 53.062 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 0.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
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NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 3.54 4.72 4.02 2.44 1.63 2.04
 
0.27 0.36 1.82 4.52 5.24 7.52
 

RUNOFF 0.884 1.392 1.230 0.482 0.246 0.253
 
0.001 0.004 0.347 2.148 1.665 3.512
 

EVAPOTRANSPIRATION 1.273 1.225 2.493 1.902 1.424 1.841
 
0.397 0.275 1.592 0.570 1.005 0.992
 

LATERAL DRAINAGE COLLECTED 2.3695 2.8782 1.4623 1.5530 0.1804 0.0925
 
FROM LAYER 4 0.0863 0.0575 0.0112 0.0010 0.5608 1.2755
 

PERCOLATION/LEAKAGE THROUGH	 0.0320 0.0347 0.0214 0.0241 0.0083 0.0057
 
LAYER 5 0.0061 0.0052 0.0011 0.0001 0.0126 0.0193
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.012 0.015 0.007 0.008 0.001 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.006
 

STD. DEVIATION OF DAILY 0.005 0.003 0.006 0.006 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.007
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
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INCHES CU. FEET PERCENT
 

PRECIPITATION 38.12 138375.609 100.00
 

RUNOFF 12.165 44157.691 31.91
 

EVAPOTRANSPIRATION 14.989 54409.141 39.32
 

DRAINAGE COLLECTED FROM LAYER 4 10.5283 38217.762 27.62
 

PERC./LEAKAGE THROUGH LAYER 5 0.170577 619.193 0.45
 

AVG. HEAD ON TOP OF LAYER 5 0.0045
 

CHANGE IN WATER STORAGE 0.268 971.807 0.70
 

SOIL WATER AT START OF YEAR 53.086 192702.891
 

SOIL WATER AT END OF YEAR 53.354 193674.703
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.015 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 1.171 2.627 1.002 0.209 0.126 0.024
 
0.433 0.273 0.401 1.482 5.185 3.161
 

EVAPOTRANSPIRATION 1.221 1.433 2.376 2.011 1.101 0.736
 
1.313 0.518 0.702 1.809 1.145 1.000
 

LATERAL DRAINAGE COLLECTED 2.5743 2.1731 2.1233 1.8121 0.2241 0.1127
 
FROM LAYER 4 0.0249 0.0009 0.0110 0.0069 0.6395 1.4186
 

PERCOLATION/LEAKAGE THROUGH	 0.0329 0.0284 0.0305 0.0269 0.0098 0.0067
 
LAYER 5 0.0018 0.0001 0.0007 0.0006 0.0154 0.0209
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.013 0.012 0.010 0.009 0.001 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.007
 

STD. DEVIATION OF DAILY 0.007 0.007 0.006 0.005 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.006
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 43.86 159211.797 100.00
 

RUNOFF 16.095 58423.766 36.70
 

EVAPOTRANSPIRATION 15.367 55781.758 35.04
 

DRAINAGE COLLECTED FROM LAYER 4 11.1213 40370.363 25.36
 

PERC./LEAKAGE THROUGH LAYER 5 0.174698 634.155 0.40
 

AVG. HEAD ON TOP OF LAYER 5 0.0047
 

CHANGE IN WATER STORAGE 1.102 4001.801 2.51
 

SOIL WATER AT START OF YEAR 53.354 193674.703
 

SOIL WATER AT END OF YEAR 54.456 197676.500
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.043 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 3.301 4.916 0.161 3.415 0.639 0.000
 
0.009 0.024 0.157 1.677 2.569 5.346
 

EVAPOTRANSPIRATION 1.183 1.412 1.972 3.596 2.149 1.364
 
0.680 0.437 1.454 1.180 1.038 0.947
 

LATERAL DRAINAGE COLLECTED 3.2812 2.7442 3.5724 1.0770 0.3107 0.2029
 
FROM LAYER 4 0.1524 0.0732 0.0121 0.0148 1.0419 1.3790
 

PERCOLATION/LEAKAGE THROUGH	 0.0395 0.0332 0.0404 0.0163 0.0099 0.0086
 
LAYER 5 0.0080 0.0055 0.0010 0.0005 0.0210 0.0209
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.016 0.014 0.017 0.005 0.002 0.001
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.005 0.006
 

STD. DEVIATION OF DAILY 0.008 0.009 0.003 0.007 0.001 0.001
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.006
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 54.93 199395.891 100.00
 

RUNOFF 22.214 80637.617 40.44
 

EVAPOTRANSPIRATION 17.412 63205.211 31.70
 

DRAINAGE COLLECTED FROM LAYER 4 13.8619 50318.531 25.24
 

PERC./LEAKAGE THROUGH LAYER 5 0.204981 744.079 0.37
 

AVG. HEAD ON TOP OF LAYER 5 0.0057
 

CHANGE IN WATER STORAGE 1.237 4490.543 2.25
 

SOIL WATER AT START OF YEAR 54.456 197676.500
 

SOIL WATER AT END OF YEAR 55.693 202167.047
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.096 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.81 2.84 7.84 2.86 2.06 2.62
 
1.43 1.22 2.78 6.20 3.52 3.33
 

RUNOFF 3.694 0.902 3.086 0.000 0.000 0.480
 
0.373 0.101 0.502 2.254 0.721 1.367
 

EVAPOTRANSPIRATION 1.205 1.342 2.307 3.006 2.126 2.172
 
1.630 0.489 1.936 1.756 1.137 0.978
 

LATERAL DRAINAGE COLLECTED 3.3941 3.6782 2.2251 2.9751 0.4304 0.0238
 
FROM LAYER 4 0.0332 0.0000 0.0088 0.7333 1.0230 1.3821
 

PERCOLATION/LEAKAGE THROUGH	 0.0352 0.0392 0.0298 0.0366 0.0104 0.0011
 
LAYER 5 0.0017 0.0000 0.0005 0.0141 0.0195 0.0250
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.017 0.020 0.011 0.015 0.002 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.004 0.005 0.007
 

STD. DEVIATION OF DAILY 0.012 0.005 0.006 0.003 0.005 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.004 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
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INCHES CU. FEET PERCENT
 

PRECIPITATION 44.51 161571.266 100.00
 

RUNOFF 13.479 48929.355 30.28
 

EVAPOTRANSPIRATION 20.084 72904.617 45.12
 

DRAINAGE COLLECTED FROM LAYER 4 15.9070 57742.480 35.74
 

PERC./LEAKAGE THROUGH LAYER 5 0.212972 773.088 0.48
 

AVG. HEAD ON TOP OF LAYER 5 0.0066
 

CHANGE IN WATER STORAGE -5.173 -18778.240 -11.62
 

SOIL WATER AT START OF YEAR 55.693 202167.047
 

SOIL WATER AT END OF YEAR 50.520 183388.812
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.031 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 3.188 0.271 1.381 0.043 0.557 0.051
 
0.000 0.000 0.000 0.079 6.380 4.502
 

EVAPOTRANSPIRATION 1.191 1.412 2.249 1.654 1.316 0.793
 
0.778 0.242 0.205 1.297 1.107 0.953
 

LATERAL DRAINAGE COLLECTED 1.1726 2.4776 2.0621 1.5347 0.1375 0.1325
 
FROM LAYER 4 0.0513 0.0000 0.0019 0.0050 0.7894 1.7297
 

PERCOLATION/LEAKAGE THROUGH	 0.0197 0.0306 0.0308 0.0220 0.0072 0.0076
 
LAYER 5 0.0032 0.0000 0.0001 0.0003 0.0157 0.0243
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.006 0.013 0.010 0.008 0.001 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.008
 

STD. DEVIATION OF DAILY 0.006 0.007 0.005 0.007 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.007
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 16.453 59723.922 36.99
 

EVAPOTRANSPIRATION 13.196 47902.012 29.67
 

DRAINAGE COLLECTED FROM LAYER 4 10.0944 36642.754 22.69
 

PERC./LEAKAGE THROUGH LAYER 5 0.161464 586.114 0.36
 

AVG. HEAD ON TOP OF LAYER 5 0.0043
 

CHANGE IN WATER STORAGE 4.575 16607.600 10.29
 

SOIL WATER AT START OF YEAR 50.520 183388.812
 

SOIL WATER AT END OF YEAR 55.095 199996.406
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.051 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
 



                                      
                                 ------- ------- ------- ------- ------- -------     

                                         
                                                     

                                           
                                                 

                               
                                                 

                    
                                  

                  
                                   

 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

                               
                                      

                             
                                

 

 

                               
 -------------------------------------------------------------------------------
                                                          
                                         --------        ----------    -------
                                           

                                                   

                                       

                             

                                

                       

                                     

                             

                               

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 4.203 3.510 1.333 0.094 0.246 0.633
 
0.199 0.000 0.000 0.692 5.497 1.946
 

EVAPOTRANSPIRATION 1.216 1.344 2.371 2.102 2.061 0.582
 
1.322 0.439 0.279 0.903 1.151 1.019
 

LATERAL DRAINAGE COLLECTED 3.4633 2.5834 3.6959 3.7254 0.2674 0.1467
 
FROM LAYER 4 0.0559 0.0000 0.0049 0.0057 0.2895 1.4174
 

PERCOLATION/LEAKAGE THROUGH	 0.0388 0.0293 0.0406 0.0408 0.0092 0.0077
 
LAYER 5 0.0037 0.0000 0.0003 0.0004 0.0067 0.0228
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.017 0.014 0.018 0.019 0.001 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.007
 

STD. DEVIATION OF DAILY 0.010 0.011 0.007 0.003 0.002 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.005
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 47.46 172279.812 100.00
 

RUNOFF 18.353 66620.781 38.67
 

EVAPOTRANSPIRATION 14.791 53690.000 31.16
 

DRAINAGE COLLECTED FROM LAYER 4 15.6555 56829.633 32.99
 

PERC./LEAKAGE THROUGH LAYER 5 0.200317 727.151 0.42
 

AVG. HEAD ON TOP OF LAYER 5 0.0065
 

CHANGE IN WATER STORAGE -1.539 -5587.738 -3.24
 

SOIL WATER AT START OF YEAR 55.095 199996.406
 

SOIL WATER AT END OF YEAR 53.556 194408.672
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.017 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.04 5.93 4.18 1.56 2.56 1.33
 
0.72 0.77 0.87 3.53 3.65 2.80
 

RUNOFF 0.798 2.474 0.110 0.105 0.328 0.277
 
0.229 0.000 0.037 0.082 1.292 0.418
 

EVAPOTRANSPIRATION 1.162 1.400 2.322 2.209 2.126 1.561
 
0.393 0.364 0.969 1.445 1.060 0.997
 

LATERAL DRAINAGE COLLECTED 3.0914 2.6550 1.9743 2.0772 0.2601 0.0708
 
FROM LAYER 4 0.0163 0.0351 0.0206 0.0017 0.8624 1.4027
 

PERCOLATION/LEAKAGE THROUGH	 0.0363 0.0339 0.0250 0.0298 0.0102 0.0036
 
LAYER 5 0.0008 0.0019 0.0012 0.0001 0.0176 0.0234
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.015 0.014 0.015 0.010 0.001 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.007
 

STD. DEVIATION OF DAILY 0.008 0.004 0.005 0.004 0.001 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
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INCHES CU. FEET PERCENT
 

PRECIPITATION 31.94 115942.289 100.00
 

RUNOFF 6.151 22329.725 19.26
 

EVAPOTRANSPIRATION 16.006 58102.746 50.11
 

DRAINAGE COLLECTED FROM LAYER 4 12.4677 45257.590 39.03
 

PERC./LEAKAGE THROUGH LAYER 5 0.183862 667.419 0.58
 

AVG. HEAD ON TOP OF LAYER 5 0.0056
 

CHANGE IN WATER STORAGE -2.869 -10415.271 -8.98
 

SOIL WATER AT START OF YEAR 53.556 194408.672
 

SOIL WATER AT END OF YEAR 50.687 183993.391
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.084 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.645 0.582 0.363 0.963 0.445 1.274
 
0.003 0.829 0.077 0.791 5.965 2.583
 

EVAPOTRANSPIRATION 1.209 1.360 2.522 2.979 2.161 2.037
 
0.632 1.078 0.504 0.672 1.116 1.006
 

LATERAL DRAINAGE COLLECTED 1.3451 1.3962 0.3703 0.1589 0.1172 0.0392
 
FROM LAYER 4 0.0016 0.0071 0.0008 0.0000 0.2842 1.2683
 

PERCOLATION/LEAKAGE THROUGH	 0.0239 0.0234 0.0119 0.0069 0.0061 0.0026
 
LAYER 5 0.0001 0.0004 0.0001 0.0000 0.0059 0.0201
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.007 0.007 0.002 0.001 0.001 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.006
 

STD. DEVIATION OF DAILY 0.004 0.003 0.001 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.006
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 14.519 52702.949 35.66
 

EVAPOTRANSPIRATION 17.276 62713.332 42.44
 

DRAINAGE COLLECTED FROM LAYER 4 4.9889 18109.717 12.25
 

PERC./LEAKAGE THROUGH LAYER 5 0.101393 368.056 0.25
 

AVG. HEAD ON TOP OF LAYER 5 0.0021
 

CHANGE IN WATER STORAGE 3.825 13883.257 9.39
 

SOIL WATER AT START OF YEAR 50.687 183993.391
 

SOIL WATER AT END OF YEAR 54.511 197876.656
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.016 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
 

RUNOFF 0.438 1.035 1.384 1.158 0.025 0.252
 
0.018 0.000 0.000 0.045 0.580 2.178
 

EVAPOTRANSPIRATION 1.198 1.391 2.327 2.283 1.008 0.862
 
0.992 0.324 0.250 0.220 0.897 1.049
 

LATERAL DRAINAGE COLLECTED 3.4697 2.8812 3.1381 1.8581 0.1920 0.0923
 
FROM LAYER 4 0.1028 0.0727 0.0454 0.0354 0.0072 0.3111
 

PERCOLATION/LEAKAGE THROUGH	 0.0435 0.0351 0.0374 0.0270 0.0082 0.0059
 
LAYER 5 0.0065 0.0056 0.0043 0.0037 0.0008 0.0087
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.016 0.015 0.015 0.009 0.001 0.000
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.000 0.002
 

STD. DEVIATION OF DAILY 0.008 0.005 0.005 0.006 0.001 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.000 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 30.18 109553.453 100.00
 

RUNOFF 7.114 25822.535 23.57
 

EVAPOTRANSPIRATION 12.800 46464.074 42.41
 

DRAINAGE COLLECTED FROM LAYER 4 12.2059 44307.453 40.44
 

PERC./LEAKAGE THROUGH LAYER 5 0.186533 677.115 0.62
 

AVG. HEAD ON TOP OF LAYER 5 0.0051
 

CHANGE IN WATER STORAGE -2.126 -7717.780 -7.04
 

SOIL WATER AT START OF YEAR 54.511 197876.656
 

SOIL WATER AT END OF YEAR 52.385 190158.875
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.060 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 3.583 0.258 1.449 0.530 0.000 0.009
 
0.000 0.001 0.005 5.450 2.546 1.104
 

EVAPOTRANSPIRATION 1.288 1.402 2.444 3.149 0.562 0.299
 
0.238 0.212 0.503 1.399 1.011 1.010
 

LATERAL DRAINAGE COLLECTED 2.1247 2.2643 2.7572 1.0560 0.1928 0.0961
 
FROM LAYER 4 0.0605 0.0444 0.0338 0.2030 1.0918 1.0338
 

PERCOLATION/LEAKAGE THROUGH	 0.0285 0.0283 0.0347 0.0195 0.0092 0.0063
 
LAYER 5 0.0051 0.0043 0.0035 0.0051 0.0205 0.0191
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.010 0.012 0.013 0.005 0.001 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.001 0.005 0.005
 

STD. DEVIATION OF DAILY 0.008 0.007 0.005 0.005 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.002 0.004 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
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INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 40.29 146252.687 100.00 

RUNOFF 14.933 54207.895 37.06 

EVAPOTRANSPIRATION 13.517 49067.762 33.55 

DRAINAGE COLLECTED FROM LAYER 4 10.9584 39778.965 27.20 

PERC./LEAKAGE THROUGH LAYER 5 0.184325 669.101 0.46 

AVG. HEAD ON TOP OF LAYER 5 0.0046 

CHANGE IN WATER STORAGE 0.697 2529.011 1.73 

SOIL WATER AT START OF YEAR 52.385 190158.875 

SOIL WATER AT END OF YEAR 53.082 192687.891 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.042 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 2.191 1.797 1.150 0.700 0.261 0.325
 
0.127 0.123 0.153 1.470 3.240 2.612
 

STD. DEVIATIONS 1.514 1.547 0.862 1.033 0.231 0.395
 
0.170 0.263 0.192 1.630 2.280 1.543
 

EVAPOTRANSPIRATION
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TOTALS	 1.214 1.372 2.338 2.489 1.603 1.225
 
0.837 0.438 0.839 1.125 1.067 0.995
 

STD. DEVIATIONS 0.039 0.060 0.154 0.642 0.593 0.658
 
0.464 0.248 0.621 0.523 0.081 0.030
 

LATERAL DRAINAGE COLLECTED FROM LAYER 4
 

TOTALS 2.6286 2.5731 2.3381 1.7828 0.2313 0.1010
 
0.0585 0.0291 0.0150 0.1007 0.6590 1.2618
 

STD. DEVIATIONS 0.8642 0.5864 1.0050 1.0037 0.0916 0.0521
 
0.0452 0.0312 0.0144 0.2307 0.3707 0.3759
 

PERCOLATION/LEAKAGE THROUGH LAYER 5
 

TOTALS 0.0330 0.0316 0.0302 0.0250 0.0088 0.0056
 
0.0037 0.0023 0.0013 0.0025 0.0136 0.0205
 

STD. DEVIATIONS	 0.0073 0.0045 0.0090 0.0098 0.0014 0.0024
 
0.0027 0.0025 0.0014 0.0044 0.0069 0.0046
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 5
 

AVERAGES 0.0127 0.0137 0.0119 0.0090 0.0012 0.0005
 
0.0003 0.0001 0.0001 0.0005 0.0033 0.0061
 

STD. DEVIATIONS 0.0041 0.0031 0.0049 0.0049 0.0005 0.0003
 
0.0002 0.0002 0.0001 0.0011 0.0018 0.0018
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION	 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF	 14.148 ( 4.8352) 51355.62 33.969
 

EVAPOTRANSPIRATION	 15.544 ( 2.2453) 56424.06 37.322
 

LATERAL DRAINAGE COLLECTED 11.77893 ( 3.13894) 42757.523 28.28210
 
FROM LAYER 4
 

PERCOLATION/LEAKAGE THROUGH 0.17811 ( 0.03128) 646.547 0.42766
 

http:56424.06
http:51355.62


  

                       
       

                                 

 

LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

0.005 ( 0.001) 

CHANGE IN WATER STORAGE 0.000 ( 2.9953) -1.50 -0.001 

*******************************************************************************
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 3.674 13337.0156 

DRAINAGE COLLECTED FROM LAYER 4 0.26120 948.14978 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.002907 10.55109 

AVERAGE HEAD ON TOP OF LAYER 5 0.040 

MAXIMUM HEAD ON TOP OF LAYER 5 0.020 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

4 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.2979
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.1302
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 0.0019 0.2356 

2 4.3275 0.2404 

3 48.7050 0.3083 

4 0.0238 0.0953 

5 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\EVAPTRAN.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\WSSST1R2.D10
 
OUTPUT DATA FILE: C:\tLF\wssst1r2.OUT
 

TIME: 17: 3 DATE: 5/ 2/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - W Steep SS UC
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0667 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 460.00 INCHES 
POROSITY = 0.6710 VOL/VOL 
FIELD CAPACITY = 0.2920 VOL/VOL 
WILTING POINT = 0.0770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3190 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES 
POROSITY = 0.8500 VOL/VOL 
FIELD CAPACITY = 0.0100 VOL/VOL 
WILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC 
SLOPE = 69.60 PERCENT 
DRAINAGE LENGTH = 50.0 FEET 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS
 
POROSITY
 
FIELD CAPACITY
 
WILTING POINT
 
INITIAL SOIL WATER CONTENT
 
EFFECTIVE SAT. HYD. COND.
 
FML PINHOLE DENSITY
 
FML INSTALLATION DEFECTS
 
FML PLACEMENT QUALITY
 

=
 
=
 
=
 
=
 
=
 
=
 
=
 
=
 
=
 

0.06 INCHES
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 

0.199999996000E-12 CM/SEC
 
1.00 HOLES/ACRE 
4.00 HOLES/ACRE 

3 - GOOD 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
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NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE # 5 WITH A
 
POOR STAND OF GRASS, A SURFACE SLOPE OF 2.%
 
AND A SLOPE LENGTH OF 50. FEET.
 

SCS RUNOFF CURVE NUMBER = 79.20
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 3.115 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.252 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.506 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 147.943 INCHES
 
TOTAL INITIAL WATER = 147.943 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 1.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 3.54 
0.27 

4.72 
0.36 

4.02 
1.82 

2.44 
4.52 

1.63 
5.24 

2.04 
7.52 

RUNOFF 0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.001 

0.000 
0.008 

0.000 
0.002 

EVAPOTRANSPIRATION 1.292 
0.057 

1.217 
0.043 

1.123 
0.237 

1.198 
0.140 

0.316 
0.255 

0.409 
1.006 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

3.6178 
3.6747 

3.1748 
2.7871 

2.1630 
1.2269 

4.5484 
0.9771 

3.6811 
1.0393 

2.5007 
1.2445 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.0324 
0.0331 

0.0265 
0.0275 

0.0206 
0.0144 

0.0360 
0.0105 

0.0320 
0.0119 

0.0246 
0.0127 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.000 0.000 0.000 0.001 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 38.12 138375.609 100.00 

RUNOFF 0.011 40.093 0.03 

EVAPOTRANSPIRATION 7.291 26466.121 19.13 

DRAINAGE COLLECTED FROM LAYER 3 30.6354 111206.453 80.37 

PERC./LEAKAGE THROUGH LAYER 4 0.282345 1024.912 0.74 

AVG. HEAD ON TOP OF LAYER 4 0.0003 
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CHANGE IN WATER STORAGE -0.100 -361.970 -0.26
 

SOIL WATER AT START OF YEAR 147.946 537042.312
 

SOIL WATER AT END OF YEAR 147.846 536680.375
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.005 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 0.000 0.045 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.127 0.000
 

EVAPOTRANSPIRATION 1.248 1.459 0.463 0.219 0.134 0.181
 
0.262 0.197 0.123 0.297 0.366 0.313
 

LATERAL DRAINAGE COLLECTED 3.2689 2.6637 3.0958 4.6305 4.4399 3.6059
 
FROM LAYER 3 3.1253 2.5487 1.9589 0.8312 1.6175 2.2962
 

PERCOLATION/LEAKAGE THROUGH	 0.0300 0.0233 0.0268 0.0350 0.0355 0.0316
 
LAYER 4 0.0289 0.0266 0.0195 0.0099 0.0172 0.0188
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.001 0.001 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 43.86 159211.797 100.00
 

RUNOFF 0.172 624.392 0.39
 

EVAPOTRANSPIRATION 5.262 19099.373 12.00
 

DRAINAGE COLLECTED FROM LAYER 3 34.0825 123719.477 77.71
 

PERC./LEAKAGE THROUGH LAYER 4 0.303032 1100.007 0.69
 

AVG. HEAD ON TOP OF LAYER 4 0.0004
 

CHANGE IN WATER STORAGE 4.041 14668.555 9.21
 

SOIL WATER AT START OF YEAR 147.846 536680.375
 

SOIL WATER AT END OF YEAR 151.887 551348.875
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.001 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 0.000 0.360 0.000 0.101 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.072
 

EVAPOTRANSPIRATION 0.342 1.298 1.320 0.893 0.413 0.702
 
0.134 0.096 0.175 0.310 0.325 0.848
 

LATERAL DRAINAGE COLLECTED 3.0892 5.9699 7.4190 3.3533 4.9826 5.3766
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FROM LAYER 3 4.5096 3.7990 2.3118 1.6093 1.2540 1.9244
 

PERCOLATION/LEAKAGE THROUGH 0.0258 0.0389 0.0470 0.0273 0.0351 0.0395
 
LAYER 4 0.0364 0.0334 0.0246 0.0160 0.0134 0.0186
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.000 0.001 0.001 0.000 0.001 0.001
 
TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 54.93 199395.891 100.00 

RUNOFF 0.533 1933.496 0.97 

EVAPOTRANSPIRATION 6.855 24883.801 12.48 

DRAINAGE COLLECTED FROM LAYER 3 45.5988 165523.516 83.01 

PERC./LEAKAGE THROUGH LAYER 4 0.355845 1291.716 0.65 

AVG. HEAD ON TOP OF LAYER 4 0.0005 

CHANGE IN WATER STORAGE 1.588 5763.434 2.89 

SOIL WATER AT START OF YEAR 151.887 551348.875 

SOIL WATER AT END OF YEAR 153.474 557112.312 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.067 0.00 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 7.81 
1.43 

2.84 
1.22 

7.84 
2.78 

2.86 
6.20 

2.06 
3.52 

2.62 
3.33 

RUNOFF 0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.001 

0.000 
0.000 

0.000 
0.020 

EVAPOTRANSPIRATION 1.224 
0.411 

1.369 
0.275 

2.332 
0.370 

2.863 
0.318 

2.069 
0.253 

1.436 
0.580 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

3.6294 
2.6641 

5.2035 
3.0741 

4.1703 
1.3302 

6.8795 
1.5947 

5.2223 
1.4990 

3.3749 
2.0056 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.0283 
0.0255 

0.0369 
0.0292 

0.0311 
0.0147 

0.0447 
0.0165 

0.0396 
0.0162 

0.0303 
0.0221 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.000 0.001 0.001 0.001 0.001 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 44.51 161571.266 100.00 

RUNOFF 0.021 77.800 0.05 

EVAPOTRANSPIRATION 13.500 49006.641 30.33 

DRAINAGE COLLECTED FROM LAYER 3 40.6476 147550.719 91.32 

PERC./LEAKAGE THROUGH LAYER 4 0.335049 1216.228 0.75 

AVG. HEAD ON TOP OF LAYER 4 0.0004 
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CHANGE IN WATER STORAGE -9.995 -36280.172 -22.45
 

SOIL WATER AT START OF YEAR 153.474 557112.312
 

SOIL WATER AT END OF YEAR 143.480 520832.156
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.055 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.221 0.000
 

EVAPOTRANSPIRATION 1.204 1.426 1.336 0.114 0.436 0.190
 
0.711 0.021 0.030 0.198 0.315 0.316
 

LATERAL DRAINAGE COLLECTED 1.7433 3.6231 2.5896 4.1673 3.8383 2.8131
 
FROM LAYER 3 3.0695 1.6287 0.0000 0.9584 0.7288 2.5075
 

PERCOLATION/LEAKAGE THROUGH	 0.0172 0.0300 0.0251 0.0337 0.0335 0.0269
 
LAYER 4 0.0303 0.0155 0.0000 0.0133 0.0085 0.0217
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.001 0.000 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 0.221 803.940 0.50
 

EVAPOTRANSPIRATION 6.297 22856.832 14.16
 

DRAINAGE COLLECTED FROM LAYER 3 27.6676 100433.375 62.20
 

PERC./LEAKAGE THROUGH LAYER 4 0.255636 927.959 0.57
 

AVG. HEAD ON TOP OF LAYER 4 0.0003
 

CHANGE IN WATER STORAGE 10.039 36440.246 22.57
 

SOIL WATER AT START OF YEAR 143.480 520832.156
 

SOIL WATER AT END OF YEAR 153.519 557272.437
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.100 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 0.014 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.191 0.009
 

EVAPOTRANSPIRATION 0.389 1.359 1.846 0.369 0.285 0.252
 
0.141 0.151 0.043 0.134 0.826 1.038
 

LATERAL DRAINAGE COLLECTED 4.0626 4.8661 6.1889 7.1372 4.8679 4.6417
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FROM LAYER 3 3.5245 3.7108 3.1344 1.2860 0.6822 1.5866
 

PERCOLATION/LEAKAGE THROUGH 0.0301 0.0318 0.0410 0.0455 0.0371 0.0361
 
LAYER 4 0.0306 0.0331 0.0301 0.0144 0.0074 0.0170
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.001 0.001 0.001 0.001 0.001 0.001
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 47.46 172279.812 100.00 

RUNOFF 0.214 777.491 0.45 

EVAPOTRANSPIRATION 6.833 24803.256 14.40 

DRAINAGE COLLECTED FROM LAYER 3 45.6888 165850.266 96.27 

PERC./LEAKAGE THROUGH LAYER 4 0.354245 1285.910 0.75 

AVG. HEAD ON TOP OF LAYER 4 0.0005 

CHANGE IN WATER STORAGE -5.630 -20436.973 -11.86 

SOIL WATER AT START OF YEAR 153.519 557272.437 

SOIL WATER AT END OF YEAR 147.889 536835.437 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.137 0.00 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 4.04 
0.72 

5.93 
0.77 

4.18 
0.87 

1.56 
3.53 

2.56 
3.65 

1.33 
2.80 

RUNOFF 0.000 
0.000 

0.004 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

EVAPOTRANSPIRATION 1.178 
0.200 

1.425 
0.586 

2.337 
0.094 

0.836 
0.194 

0.546 
0.800 

0.311 
1.021 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

3.4374 
3.4600 

3.1384 
3.0415 

3.2873 
0.3901 

3.8398 
1.0594 

3.2118 
1.5352 

3.1169 
1.8054 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

0.0299 
0.0316 

0.0270 
0.0301 

0.0302 
0.0049 

0.0329 
0.0149 

0.0297 
0.0170 

0.0286 
0.0199 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 31.94 115942.289 100.00 

RUNOFF 0.004 14.084 0.01 

EVAPOTRANSPIRATION 9.529 34588.660 29.83 

DRAINAGE COLLECTED FROM LAYER 3 31.3232 113703.375 98.07 

PERC./LEAKAGE THROUGH LAYER 4 0.296577 1076.574 0.93 

AVG. HEAD ON TOP OF LAYER 4 0.0003 
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CHANGE IN WATER STORAGE -9.212 -33440.523 -28.84
 

SOIL WATER AT START OF YEAR 147.889 536835.437
 

SOIL WATER AT END OF YEAR 138.676 503394.906
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.119 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.002
 
0.000 0.000 0.000 0.000 0.887 0.030
 

EVAPOTRANSPIRATION 1.235 1.378 0.657 0.482 0.368 0.582
 
0.041 0.325 0.065 0.247 0.522 1.021
 

LATERAL DRAINAGE COLLECTED 1.6223 1.7877 1.9439 1.3586 2.4109 2.5468
 
FROM LAYER 3 2.9617 2.0613 1.8343 1.2099 0.6697 1.2650
 

PERCOLATION/LEAKAGE THROUGH	 0.0186 0.0208 0.0203 0.0147 0.0235 0.0245
 
LAYER 4 0.0282 0.0207 0.0187 0.0151 0.0080 0.0141
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.000 0.000 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 0.919 3334.708 2.26
 

EVAPOTRANSPIRATION 6.922 25127.529 17.00
 

DRAINAGE COLLECTED FROM LAYER 3 21.6721 78669.742 53.24
 

PERC./LEAKAGE THROUGH LAYER 4 0.227171 824.630 0.56
 

AVG. HEAD ON TOP OF LAYER 4 0.0002
 

CHANGE IN WATER STORAGE 10.970 39820.660 26.95
 

SOIL WATER AT START OF YEAR 138.676 503394.906
 

SOIL WATER AT END OF YEAR 149.646 543215.562
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.051 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.000
 

EVAPOTRANSPIRATION 1.201 1.414 2.073 0.489 0.255 0.354
 
0.071 0.053 0.069 0.075 0.150 0.289
 

LATERAL DRAINAGE COLLECTED 3.6018 3.3811 2.8565 4.3544 4.6003 3.7751
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FROM LAYER 3 2.8859 3.0930 0.1663 0.4257 0.6886 1.7633
 

PERCOLATION/LEAKAGE THROUGH 0.0312 0.0289 0.0256 0.0333 0.0368 0.0331
 
LAYER 4 0.0277 0.0295 0.0023 0.0056 0.0088 0.0176
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.001 0.001 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 30.18 109553.453 100.00 

RUNOFF 0.000 0.000 0.00 

EVAPOTRANSPIRATION 6.493 23567.787 21.51 

DRAINAGE COLLECTED FROM LAYER 3 31.5920 114678.953 104.68 

PERC./LEAKAGE THROUGH LAYER 4 0.280531 1018.328 0.93 

AVG. HEAD ON TOP OF LAYER 4 0.0003 

CHANGE IN WATER STORAGE -8.185 -29711.652 -27.12 

SOIL WATER AT START OF YEAR 149.646 543215.562 

SOIL WATER AT END OF YEAR 141.461 513503.937 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.037 0.00 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.549 0.000 0.000
 

EVAPOTRANSPIRATION 0.428 0.224 0.477 0.669 0.155 0.060
 
0.023 0.062 0.121 0.747 0.267 0.280
 

LATERAL DRAINAGE COLLECTED 1.5113 2.8478 2.8595 3.4426 4.9194 3.9471
 
FROM LAYER 3 3.3422 1.2659 0.5594 0.5535 2.4958 1.9965
 

PERCOLATION/LEAKAGE THROUGH	 0.0159 0.0250 0.0250 0.0297 0.0383 0.0336
 
LAYER 4 0.0316 0.0125 0.0072 0.0071 0.0235 0.0196
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.000 0.001 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.29 146252.687 100.00
 

RUNOFF 0.549 1991.536 1.36
 

EVAPOTRANSPIRATION 3.513 12750.401 8.72
 

DRAINAGE COLLECTED FROM LAYER 3 29.7409 107959.391 73.82
 

PERC./LEAKAGE THROUGH LAYER 4 0.269143 976.990 0.67
 

AVG. HEAD ON TOP OF LAYER 4 0.0003
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CHANGE IN WATER STORAGE 6.219 22574.395 15.44 

SOIL WATER AT START OF YEAR 141.461 513503.937 

SOIL WATER AT END OF YEAR 147.680 536078.312 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.024 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 0.001 0.041 0.000 0.010 0.000 0.000
 
0.000 0.000 0.000 0.055 0.143 0.013
 

STD. DEVIATIONS 0.005 0.113 0.000 0.032 0.000 0.001
 
0.000 0.000 0.000 0.173 0.275 0.023
 

EVAPOTRANSPIRATION
 

TOTALS 0.974 1.257 1.396 0.813 0.498 0.448
 
0.205 0.181 0.133 0.266 0.408 0.671
 

STD. DEVIATIONS 0.407 0.370 0.728 0.791 0.566 0.397
 
0.214 0.176 0.104 0.188 0.234 0.347
 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 
---------------------------------------­

TOTALS 2.9584 3.6656 
3.3218 2.7010 

3.6574 
1.2912 

4.3712 
1.0505 

4.2175 
1.2210 

3.5699 
1.8395 

STD. DEVIATIONS 0.9555 1.2874 1.7908 1.6779 0.9076 0.9192 
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0.5218 0.8356 1.0255 0.3928 0.5881 0.4040
 

PERCOLATION/LEAKAGE THROUGH LAYER 4
 

TOTALS 0.0259 0.0289 0.0293 0.0333 0.0341 0.0309
 
0.0304 0.0258 0.0136 0.0123 0.0132 0.0182
 

STD. DEVIATIONS 0.0063 0.0057 0.0086 0.0087 0.0047 0.0049
 
0.0031 0.0072 0.0099 0.0038 0.0053 0.0030
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 4
 

AVERAGES 0.0004 0.0005 0.0004 0.0005 0.0005 0.0004
 
0.0004 0.0003 0.0002 0.0001 0.0002 0.0002
 

STD. DEVIATIONS 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001
 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF 0.264 ( 0.3082) 959.75 0.635
 

EVAPOTRANSPIRATION 7.249 ( 2.6688) 26315.04 17.406
 

LATERAL DRAINAGE COLLECTED 33.86489 ( 7.81502) 122929.539 81.31213
 
FROM LAYER 3
 

PERCOLATION/LEAKAGE THROUGH 0.29596 ( 0.04225) 1074.326 0.71062
 
LAYER 4
 

AVERAGE HEAD ON TOP 0.000 ( 0.000)
 
OF LAYER 4
 

CHANGE IN WATER STORAGE -0.027 ( 7.9028) -96.40 -0.064
 

*******************************************************************************
 

http:26315.04
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 0.887 3219.3218 

DRAINAGE COLLECTED FROM LAYER 3 0.39995 1451.81433 

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.001961 7.11804 

AVERAGE HEAD ON TOP OF LAYER 4 0.002 

MAXIMUM HEAD ON TOP OF LAYER 4 0.023 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

3 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.2196
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.0879
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 1.1991 0.0666 

2 146.4750 0.3184 

3 0.0034 0.0136 

4 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\ET_CVR.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\WSSST2R1.D10
 
OUTPUT DATA FILE: C:\tLF\WSSST2R1.OUT
 

TIME: 11: 8 DATE: 4/27/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - W Steep SS C
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 45
 

THICKNESS = 0.01 INCHES
 
POROSITY = 0.0030 VOL/VOL
 
FIELD CAPACITY = 0.0020 VOL/VOL
 
WILTING POINT = 0.0010 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0030 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2401 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 3
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 460.00 INCHES
 
POROSITY = 0.6710 VOL/VOL
 
FIELD CAPACITY = 0.2920 VOL/VOL
 
WILTING POINT = 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2982 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 4
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES
 
POROSITY = 0.8500 VOL/VOL
 
FIELD CAPACITY = 0.0100 VOL/VOL
 
WILTING POINT = 0.0050 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
 
SLOPE = 69.60 PERCENT
 
DRAINAGE LENGTH = 50.0 FEET
 

LAYER 5
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
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INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE #17 WITH BARE
 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
 
A SLOPE LENGTH OF 50. FEET.
 

SCS RUNOFF CURVE NUMBER = 97.00
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 6.109 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.247 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.505 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 141.496 INCHES
 
TOTAL INITIAL WATER = 141.496 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 0.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
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NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 3.54 4.72 4.02 2.44 1.63 2.04
 
0.27 0.36 1.82 4.52 5.24 7.52
 

RUNOFF 0.916 1.435 1.266 0.503 0.257 0.266
 
0.001 0.005 0.362 2.167 1.705 3.575
 

EVAPOTRANSPIRATION 1.273 1.225 2.493 1.902 1.424 1.879
 
0.405 0.278 1.595 0.575 1.005 0.992
 

LATERAL DRAINAGE COLLECTED 1.4044 2.5935 1.4670 2.5648 0.6554 0.0988
 
FROM LAYER 4 0.0946 0.0208 0.0067 0.0015 0.4770 0.9727
 

PERCOLATION/LEAKAGE THROUGH	 0.0029 0.0042 0.0030 0.0043 0.0017 0.0008
 
LAYER 5 0.0008 0.0002 0.0001 0.0000 0.0014 0.0020
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.007 0.014 0.007 0.013 0.003 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.005
 

STD. DEVIATION OF DAILY 0.005 0.002 0.006 0.001 0.005 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.006
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
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INCHES CU. FEET PERCENT
 

PRECIPITATION 38.12 138375.609 100.00
 

RUNOFF 12.458 45221.352 32.68
 

EVAPOTRANSPIRATION 15.046 54616.355 39.47
 

DRAINAGE COLLECTED FROM LAYER 4 10.3572 37596.789 27.17
 

PERC./LEAKAGE THROUGH LAYER 5 0.021419 77.752 0.06
 

AVG. HEAD ON TOP OF LAYER 5 0.0043
 

CHANGE IN WATER STORAGE 0.238 863.355 0.62
 

SOIL WATER AT START OF YEAR 141.499 513640.562
 

SOIL WATER AT END OF YEAR 141.737 514503.937
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.011 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 1.210 2.670 1.040 0.225 0.132 0.026
 
0.448 0.293 0.383 1.505 5.265 3.235
 

EVAPOTRANSPIRATION 1.221 1.433 2.376 2.011 1.101 0.736
 
1.120 1.016 0.524 1.809 1.145 1.000
 

LATERAL DRAINAGE COLLECTED 1.5844 1.6724 1.8828 2.4771 1.5047 0.1143
 
FROM LAYER 4 0.0273 0.0000 0.0058 0.0024 0.3927 0.5598
 

PERCOLATION/LEAKAGE THROUGH	 0.0031 0.0031 0.0036 0.0042 0.0029 0.0009
 
LAYER 5 0.0003 0.0000 0.0000 0.0000 0.0012 0.0014
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.008 0.009 0.009 0.012 0.007 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.003
 

STD. DEVIATION OF DAILY 0.005 0.006 0.005 0.002 0.007 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 43.86 159211.797 100.00
 

RUNOFF 16.432 59647.617 37.46
 

EVAPOTRANSPIRATION 15.494 56244.359 35.33
 

DRAINAGE COLLECTED FROM LAYER 4 10.2238 37112.215 23.31
 

PERC./LEAKAGE THROUGH LAYER 5 0.020726 75.235 0.05
 

AVG. HEAD ON TOP OF LAYER 5 0.0042
 

CHANGE IN WATER STORAGE 1.689 6132.382 3.85
 

SOIL WATER AT START OF YEAR 141.737 514503.937
 

SOIL WATER AT END OF YEAR 143.426 520636.312
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.010 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 3.370 4.979 0.171 3.459 0.659 0.000
 
0.011 0.026 0.167 1.730 2.630 5.449
 

EVAPOTRANSPIRATION 1.183 1.412 1.972 3.643 2.149 1.376
 
0.680 0.437 1.368 1.207 1.038 0.947
 

LATERAL DRAINAGE COLLECTED 1.7697 1.4240 3.1640 3.3685 1.9578 0.2067
 
FROM LAYER 4 0.1583 0.0780 0.0251 0.0106 1.0183 0.6673
 

PERCOLATION/LEAKAGE THROUGH	 0.0034 0.0030 0.0048 0.0049 0.0034 0.0011
 
LAYER 5 0.0011 0.0007 0.0003 0.0000 0.0025 0.0015
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.009 0.007 0.015 0.017 0.010 0.001
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.005 0.003
 

STD. DEVIATION OF DAILY 0.007 0.007 0.004 0.001 0.007 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.006
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 54.93 199395.891 100.00
 

RUNOFF 22.652 82227.016 41.24
 

EVAPOTRANSPIRATION 17.411 63200.320 31.70
 

DRAINAGE COLLECTED FROM LAYER 4 13.8483 50269.391 25.21
 

PERC./LEAKAGE THROUGH LAYER 5 0.026952 97.836 0.05
 

AVG. HEAD ON TOP OF LAYER 5 0.0057
 

CHANGE IN WATER STORAGE 0.992 3601.419 1.81
 

SOIL WATER AT START OF YEAR 143.426 520636.312
 

SOIL WATER AT END OF YEAR 144.418 524237.719
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.098 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.81 2.84 7.84 2.86 2.06 2.62
 
1.43 1.22 2.78 6.20 3.52 3.33
 

RUNOFF 3.762 0.929 3.159 0.000 0.000 0.501
 
0.385 0.107 0.525 2.306 0.753 1.391
 

EVAPOTRANSPIRATION 1.205 1.342 2.307 3.006 2.126 2.172
 
1.630 0.489 1.944 1.756 1.137 0.978
 

LATERAL DRAINAGE COLLECTED 1.2712 2.3784 2.2518 2.9982 3.3215 1.0394
 
FROM LAYER 4 0.0340 0.0033 0.0026 0.7338 0.9253 1.2394
 

PERCOLATION/LEAKAGE THROUGH	 0.0024 0.0038 0.0038 0.0047 0.0050 0.0017
 
LAYER 5 0.0002 0.0000 0.0000 0.0017 0.0025 0.0029
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.006 0.013 0.011 0.015 0.016 0.005
 
TOP OF LAYER 5 0.000 0.000 0.000 0.004 0.005 0.006
 

STD. DEVIATION OF DAILY 0.007 0.005 0.007 0.005 0.001 0.007
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.004 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
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INCHES CU. FEET PERCENT
 

PRECIPITATION 44.51 161571.266 100.00
 

RUNOFF 13.819 50161.301 31.05
 

EVAPOTRANSPIRATION 20.093 72936.766 45.14
 

DRAINAGE COLLECTED FROM LAYER 4 16.1989 58802.176 36.39
 

PERC./LEAKAGE THROUGH LAYER 5 0.028829 104.650 0.06
 

AVG. HEAD ON TOP OF LAYER 5 0.0067
 

CHANGE IN WATER STORAGE -5.629 -20433.594 -12.65
 

SOIL WATER AT START OF YEAR 144.418 524237.719
 

SOIL WATER AT END OF YEAR 138.789 503804.125
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.033 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 3.268 0.286 1.424 0.048 0.563 0.055
 
0.000 0.000 0.000 0.088 6.463 4.584
 

EVAPOTRANSPIRATION 1.191 1.412 2.249 1.289 1.676 0.587
 
1.038 0.244 0.206 1.245 1.107 0.953
 

LATERAL DRAINAGE COLLECTED 1.0205 1.5896 1.7673 2.7299 0.3473 0.1397
 
FROM LAYER 4 0.0820 0.0083 0.0024 0.0007 0.7207 0.6824
 

PERCOLATION/LEAKAGE THROUGH	 0.0022 0.0030 0.0036 0.0045 0.0011 0.0010
 
LAYER 5 0.0007 0.0001 0.0000 0.0000 0.0017 0.0016
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.005 0.009 0.008 0.013 0.002 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.003
 

STD. DEVIATION OF DAILY 0.006 0.006 0.004 0.001 0.004 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 16.779 60908.508 37.72
 

EVAPOTRANSPIRATION 13.197 47905.121 29.67
 

DRAINAGE COLLECTED FROM LAYER 4 9.0908 32999.645 20.44
 

PERC./LEAKAGE THROUGH LAYER 5 0.019554 70.981 0.04
 

AVG. HEAD ON TOP OF LAYER 5 0.0038
 

CHANGE IN WATER STORAGE 5.393 19578.160 12.13
 

SOIL WATER AT START OF YEAR 138.789 503804.125
 

SOIL WATER AT END OF YEAR 144.182 523382.281
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.039 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 4.280 3.588 1.375 0.100 0.258 0.645
 
0.207 0.000 0.000 0.713 5.581 1.990
 

EVAPOTRANSPIRATION 1.216 1.344 2.371 2.102 2.061 0.582
 
1.322 0.439 0.279 0.896 1.151 1.019
 

LATERAL DRAINAGE COLLECTED 1.8776 1.2404 2.2494 3.9668 3.4860 1.9322
 
FROM LAYER 4 0.0613 0.0006 0.0049 0.0070 0.2784 0.6341
 

PERCOLATION/LEAKAGE THROUGH	 0.0032 0.0024 0.0037 0.0054 0.0051 0.0033
 
LAYER 5 0.0005 0.0000 0.0000 0.0001 0.0008 0.0016
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.009 0.006 0.011 0.020 0.017 0.010
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.001 0.003
 

STD. DEVIATION OF DAILY 0.007 0.006 0.007 0.001 0.001 0.007
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 47.46 172279.812 100.00
 

RUNOFF 18.736 68012.641 39.48
 

EVAPOTRANSPIRATION 14.783 53663.070 31.15
 

DRAINAGE COLLECTED FROM LAYER 4 15.7387 57131.402 33.16
 

PERC./LEAKAGE THROUGH LAYER 5 0.026082 94.678 0.05
 

AVG. HEAD ON TOP OF LAYER 5 0.0065
 

CHANGE IN WATER STORAGE -1.824 -6621.969 -3.84
 

SOIL WATER AT START OF YEAR 144.182 523382.281
 

SOIL WATER AT END OF YEAR 142.358 516760.312
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.011 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.04 5.93 4.18 1.56 2.56 1.33
 
0.72 0.77 0.87 3.53 3.65 2.80
 

RUNOFF 0.833 2.528 0.128 0.113 0.350 0.288
 
0.236 0.000 0.041 0.091 1.325 0.440
 

EVAPOTRANSPIRATION 1.162 1.400 2.322 2.209 2.137 1.573
 
0.393 0.364 1.158 1.211 1.060 0.997
 

LATERAL DRAINAGE COLLECTED 1.8616 2.2000 2.0209 2.4580 2.1457 0.1015
 
FROM LAYER 4 0.1049 0.0587 0.0031 0.0069 0.6564 1.4603
 

PERCOLATION/LEAKAGE THROUGH	 0.0035 0.0038 0.0069 0.0042 0.0037 0.0007
 
LAYER 5 0.0009 0.0006 0.0000 0.0001 0.0018 0.0031
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.009 0.012 0.008 0.012 0.010 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.007
 

STD. DEVIATION OF DAILY 0.006 0.004 0.006 0.002 0.006 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
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INCHES CU. FEET PERCENT
 

PRECIPITATION 31.94 115942.289 100.00
 

RUNOFF 6.374 23138.107 19.96
 

EVAPOTRANSPIRATION 15.985 58024.941 50.05
 

DRAINAGE COLLECTED FROM LAYER 4 13.0779 47472.879 40.95
 

PERC./LEAKAGE THROUGH LAYER 5 0.029398 106.715 0.09
 

AVG. HEAD ON TOP OF LAYER 5 0.0052
 

CHANGE IN WATER STORAGE -3.526 -12800.491 -11.04
 

SOIL WATER AT START OF YEAR 142.358 516760.312
 

SOIL WATER AT END OF YEAR 138.832 503959.844
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.144 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.667 0.602 0.385 1.003 0.471 1.307
 
0.004 0.852 0.081 0.819 6.033 2.641
 

EVAPOTRANSPIRATION 1.209 1.360 2.522 2.844 2.161 2.037
 
0.632 1.078 0.504 0.672 1.116 1.006
 

LATERAL DRAINAGE COLLECTED 1.2154 1.5160 0.3790 0.1699 0.0649 0.0303
 
FROM LAYER 4 0.0043 0.0124 0.0022 0.0012 0.2719 0.6421
 

PERCOLATION/LEAKAGE THROUGH	 0.0028 0.0032 0.0016 0.0010 0.0004 0.0002
 
LAYER 5 0.0000 0.0001 0.0000 0.0000 0.0007 0.0014
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.006 0.008 0.002 0.001 0.000 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.003
 

STD. DEVIATION OF DAILY 0.004 0.003 0.001 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 14.865 53958.816 36.51
 

EVAPOTRANSPIRATION 17.141 62220.945 42.10
 

DRAINAGE COLLECTED FROM LAYER 4 4.3095 15643.472 10.59
 

PERC./LEAKAGE THROUGH LAYER 5 0.011506 41.768 0.03
 

AVG. HEAD ON TOP OF LAYER 5 0.0019
 

CHANGE IN WATER STORAGE 4.384 15912.323 10.77
 

SOIL WATER AT START OF YEAR 138.832 503959.844
 

SOIL WATER AT END OF YEAR 143.215 519872.156
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.003 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
 

RUNOFF 0.479 1.067 1.421 1.187 0.028 0.263
 
0.020 0.000 0.000 0.048 0.603 2.237
 

EVAPOTRANSPIRATION 1.198 1.391 2.327 2.283 1.008 0.862
 
0.992 0.324 0.250 0.220 0.897 1.049
 

LATERAL DRAINAGE COLLECTED 1.9842 1.4687 3.0616 2.6657 2.9244 0.0895
 
FROM LAYER 4 0.1009 0.0755 0.0483 0.0379 0.0078 0.2169
 

PERCOLATION/LEAKAGE THROUGH	 0.0042 0.0030 0.0047 0.0043 0.0046 0.0008
 
LAYER 5 0.0008 0.0008 0.0006 0.0006 0.0001 0.0010
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.010 0.008 0.015 0.013 0.014 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.000 0.001
 

STD. DEVIATION OF DAILY 0.005 0.005 0.004 0.004 0.004 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.000 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 30.18 109553.453 100.00
 

RUNOFF 7.353 26692.748 24.37
 

EVAPOTRANSPIRATION 12.800 46464.094 42.41
 

DRAINAGE COLLECTED FROM LAYER 4 12.6812 46032.801 42.02
 

PERC./LEAKAGE THROUGH LAYER 5 0.025550 92.747 0.08
 

AVG. HEAD ON TOP OF LAYER 5 0.0052
 

CHANGE IN WATER STORAGE -2.680 -9728.982 -8.88
 

SOIL WATER AT START OF YEAR 143.215 519872.156
 

SOIL WATER AT END OF YEAR 140.535 510143.156
 



                                         

                                           

                                      

 

 

                         
 -------------------------------------------------------------------------------

                                      
                                 ------- ------- ------- ------- ------- -------     

                                         
                                                      

                                           
                                                 

                               
                                                 

                    
                                  

                  
                                   

 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

                               
                                      

                             
                                

 

 

                               
 -------------------------------------------------------------------------------

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.049 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 3.667 0.270 1.489 0.553 0.000 0.010
 
0.000 0.001 0.007 5.445 2.602 1.145
 

EVAPOTRANSPIRATION 1.288 1.402 2.444 3.125 0.562 0.299
 
0.238 0.212 0.761 1.435 1.011 1.010
 

LATERAL DRAINAGE COLLECTED 1.3334 1.3224 2.8613 2.1016 0.7343 0.1010
 
FROM LAYER 4 0.0657 0.0487 0.0220 0.1441 0.8804 0.7054
 

PERCOLATION/LEAKAGE THROUGH	 0.0028 0.0026 0.0046 0.0038 0.0019 0.0009
 
LAYER 5 0.0007 0.0006 0.0003 0.0005 0.0023 0.0020
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.006 0.007 0.014 0.010 0.004 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.001 0.004 0.003
 

STD. DEVIATION OF DAILY 0.006 0.005 0.003 0.004 0.005 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.002 0.003 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
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INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 40.29 146252.687 100.00 

RUNOFF 15.188 55133.957 37.70 

EVAPOTRANSPIRATION 13.788 50049.437 34.22 

DRAINAGE COLLECTED FROM LAYER 4 10.3201 37461.934 25.61 

PERC./LEAKAGE THROUGH LAYER 5 0.022964 83.359 0.06 

AVG. HEAD ON TOP OF LAYER 5 0.0042 

CHANGE IN WATER STORAGE 0.971 3523.985 2.41 

SOIL WATER AT START OF YEAR 140.535 510143.156 

SOIL WATER AT END OF YEAR 141.506 513667.156 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.019 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 2.245 1.835 1.186 0.719 0.272 0.336
 
0.131 0.128 0.157 1.491 3.296 2.669
 

STD. DEVIATIONS 1.535 1.566 0.879 1.046 0.237 0.404
 
0.175 0.271 0.196 1.629 2.302 1.567
 

EVAPOTRANSPIRATION
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TOTALS	 1.214 1.372 2.338 2.441 1.641 1.210
 
0.845 0.488 0.859 1.103 1.067 0.995
 

STD. DEVIATIONS 0.039 0.060 0.154 0.698 0.586 0.681
 
0.449 0.308 0.619 0.513 0.081 0.030
 

LATERAL DRAINAGE COLLECTED FROM LAYER 4
 

TOTALS 1.5322 1.7405 2.1105 2.5500 1.7142 0.3853
 
0.0733 0.0306 0.0123 0.0946 0.5629 0.7780
 

STD. DEVIATIONS 0.3295 0.4741 0.8305 0.9890 1.2537 0.6185
 
0.0449 0.0314 0.0151 0.2289 0.3305 0.3566
 

PERCOLATION/LEAKAGE THROUGH LAYER 5
 

TOTALS 0.0031 0.0032 0.0040 0.0041 0.0030 0.0011
 
0.0006 0.0003 0.0001 0.0003 0.0015 0.0019
 

STD. DEVIATIONS	 0.0006 0.0006 0.0014 0.0012 0.0017 0.0008
 
0.0003 0.0003 0.0002 0.0005 0.0008 0.0007
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 5
 

AVERAGES 0.0074 0.0092 0.0100 0.0126 0.0083 0.0019
 
0.0004 0.0001 0.0001 0.0005 0.0029 0.0038
 

STD. DEVIATIONS 0.0016 0.0026 0.0040 0.0049 0.0060 0.0031
 
0.0002 0.0002 0.0001 0.0011 0.0017 0.0017
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION	 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF	 14.466 ( 4.8952) 52510.21 34.733
 

EVAPOTRANSPIRATION	 15.574 ( 2.2076) 56532.54 37.394
 

LATERAL DRAINAGE COLLECTED 11.58465 ( 3.51519) 42052.270 27.81561
 
FROM LAYER 4
 

PERCOLATION/LEAKAGE THROUGH 0.02330 ( 0.00535) 84.572 0.05594
 

http:56532.54
http:52510.21


  

                       
       

                                   

 

LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

0.005 ( 0.001) 

CHANGE IN WATER STORAGE 0.001 ( 3.4605) 2.66 0.002 

*******************************************************************************
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 3.689 13392.0967 

DRAINAGE COLLECTED FROM LAYER 4 0.18218 661.32935 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000877 3.18245 

AVERAGE HEAD ON TOP OF LAYER 5 0.025 

MAXIMUM HEAD ON TOP OF LAYER 5 0.000 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

4 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.2968
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.1318
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 0.0019 0.2349 

2 4.3220 0.2401 

3 137.1772 0.2982 

4 0.0025 0.0100 

5 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\EVAPTRAN.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\FLOOR1R2.D10
 
OUTPUT DATA FILE: C:\tLF\floor1R2.OUT
 

TIME: 15:26 DATE: 5/ 3/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2352 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 695.00 INCHES
 
POROSITY = 0.6710 VOL/VOL
 
FIELD CAPACITY = 0.2920 VOL/VOL
 
WILTING POINT = 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.3048 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 3
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 50
 

THICKNESS = 12.00 INCHES
 
POROSITY = 0.3200 VOL/VOL
 
FIELD CAPACITY = 0.0500 VOL/VOL
 
WILTING POINT = 0.0200 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0580 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.200000003000 CM/SEC
 
SLOPE = 2.00 PERCENT
 
DRAINAGE LENGTH = 125.0 FEET
 

LAYER 4
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

LAYER 5
 

TYPE 2 - LATERAL DRAINAGE LAYER
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MATERIAL TEXTURE NUMBER 20
 
THICKNESS = 0.25 INCHES
 
POROSITY = 0.8500 VOL/VOL
 
FIELD CAPACITY = 0.0100 VOL/VOL
 
WILTING POINT = 0.0050 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
 
SLOPE = 2.00 PERCENT
 
DRAINAGE LENGTH = 125.0 FEET
 

LAYER 6
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE # 5 WITH A
 
POOR STAND OF GRASS, A SURFACE SLOPE OF 2.%
 
AND A SLOPE LENGTH OF 125. FEET.
 

SCS RUNOFF CURVE NUMBER = 78.10
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 6.062 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.252 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.506 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 216.768 INCHES
 
TOTAL INITIAL WATER = 216.768 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
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NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 1.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 3.54 4.72 4.02 2.44 1.63 2.04
 
0.27 0.36 1.82 4.52 5.24 7.52
 

RUNOFF 0.000 0.000 0.005 0.000 0.000 0.000
 
0.000 0.000 0.000 0.017 0.098 0.135
 

EVAPOTRANSPIRATION 1.160 1.160 2.370 2.127 1.638 2.607
 
1.834 0.440 1.750 0.499 0.949 0.939
 

LATERAL DRAINAGE COLLECTED 0.5581 0.9365 0.6177 1.2802 1.4554 1.2151
 
FROM LAYER 3 1.0002 0.0000 0.0000 0.0000 0.1392 0.1524
 

PERCOLATION/LEAKAGE THROUGH 1.1985 1.6489 1.1239 2.0728 2.2694 2.0378
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LAYER 4
 

LATERAL DRAINAGE COLLECTED
 
FROM LAYER 5
 

PERCOLATION/LEAKAGE THROUGH
 
LAYER 6
 

1.7362 0.0000 0.0000 0.0000 0.5073 0.4119 

1.0569 1.4765 0.9989 1.8682 2.0506 1.8346 
1.5593 0.0000 0.0000 0.0000 0.4282 0.3542 

0.1416 0.1725 0.1250 0.2045 0.2188 0.2032 
0.1769 0.0000 0.0000 0.0000 0.0791 0.0577 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 4
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 4
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 6
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 6
 

0.099 0.184 0.110 0.235 0.259 0.223 
0.178 0.000 0.000 0.000 0.026 0.027 

0.086 0.098 0.129 0.060 0.010 0.014 
0.079 0.000 0.000 0.000 0.028 0.047 

0.006 0.009 0.005 0.010 0.011 0.010 
0.008 0.000 0.000 0.000 0.003 0.002 

0.003 0.003 0.005 0.001 0.000 0.000 
0.003 0.000 0.000 0.000 0.002 0.003 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 38.12 138375.609 100.00 

RUNOFF 0.255 925.348 0.67 

EVAPOTRANSPIRATION 17.473 63426.762 45.84 

DRAINAGE COLLECTED FROM LAYER 3 7.3548 26698.014 19.29 

PERC./LEAKAGE THROUGH LAYER 4 13.006743 47214.480 34.12 

AVG. HEAD ON TOP OF LAYER 4 0.1119 

DRAINAGE COLLECTED FROM LAYER 5 11.6274 42207.492 30.50 

PERC./LEAKAGE THROUGH LAYER 6 1.379334 5006.983 3.62 

AVG. HEAD ON TOP OF LAYER 6 0.0053 

CHANGE IN WATER STORAGE 0.031 111.056 0.08 

SOIL WATER AT START OF YEAR 217.467 789403.500 
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SOIL WATER AT END OF YEAR	 217.497 789514.562
 

SNOW WATER AT START OF YEAR	 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR	 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.041 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 0.000 0.224 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.409 0.002
 

EVAPOTRANSPIRATION 1.127 1.339 2.264 2.355 1.286 1.041
 
2.892 1.395 0.496 1.438 1.051 0.935
 

LATERAL DRAINAGE COLLECTED 0.5736 0.3930 0.7931 1.4302 1.6516 1.3564
 
FROM LAYER 3 1.1911 0.1684 0.0000 0.0046 0.1656 0.1070
 

PERCOLATION/LEAKAGE THROUGH 1.2367 0.8370 1.4946 2.1764 2.4187 2.1549
 
LAYER 4 2.0503 0.2821 0.0000 0.0392 0.5132 0.3632
 

LATERAL DRAINAGE COLLECTED 1.0915 0.7348 1.3274 1.9669 2.1921 1.9453
 
FROM LAYER 5 1.8434 0.2529 0.0000 0.0308 0.4369 0.3056
 

PERCOLATION/LEAKAGE THROUGH	 0.1451 0.1022 0.1672 0.2096 0.2266 0.2096
 
LAYER 6 0.2069 0.0292 0.0000 0.0084 0.0763 0.0576
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.102 0.077 0.141 0.263 0.294 0.249
 
TOP OF LAYER 4 0.212 0.030 0.000 0.001 0.031 0.019
 

STD. DEVIATION OF DAILY 0.090 0.104 0.128 0.083 0.016 0.009
 
HEAD ON TOP OF LAYER 4 0.014 0.080 0.000 0.003 0.036 0.023
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AVERAGE DAILY HEAD ON
 
TOP OF LAYER 6
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 6
 

0.006 0.004 0.007 0.011 0.012 0.011 
0.010 0.001 0.000 0.000 0.003 0.002 

0.003 0.004 0.004 0.002 0.000 0.000 
0.000 0.003 0.000 0.001 0.002 0.002 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 43.86 159211.797 100.00 

RUNOFF 0.635 2305.986 1.45 

EVAPOTRANSPIRATION 17.619 63956.289 40.17 

DRAINAGE COLLECTED FROM LAYER 3 7.8348 28440.195 17.86 

PERC./LEAKAGE THROUGH LAYER 4 13.566185 49245.250 30.93 

AVG. HEAD ON TOP OF LAYER 4 0.1183 

DRAINAGE COLLECTED FROM LAYER 5 12.1275 44022.793 27.65 

PERC./LEAKAGE THROUGH LAYER 6 1.438689 5222.441 3.28 

AVG. HEAD ON TOP OF LAYER 6 0.0055 

CHANGE IN WATER STORAGE 4.205 15264.046 9.59 

SOIL WATER AT START OF YEAR 217.497 789514.562 

SOIL WATER AT END OF YEAR 221.702 804778.625 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.051 0.00 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
 



                                      
                                 ------- ------- ------- ------- ------- -------     

                                         
                                                     

                                           
                                                 

                               
                                                 

                    
                                  

                  
                                   

                    
                                  

                  
                                   

 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

                               
                                      

                             
                                

                               
                                      

                             
                                

 

 

                               
 -------------------------------------------------------------------------------
                                                          
                                         --------        ----------    -------
                                           

                                                      

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 0.040 0.823 0.000 0.267 0.000 0.000
 
0.000 0.000 0.000 0.000 0.014 0.225
 

EVAPOTRANSPIRATION 1.138 1.334 2.054 3.942 2.827 1.597
 
2.050 1.081 1.373 1.216 0.942 0.918
 

LATERAL DRAINAGE COLLECTED 0.4871 0.9444 2.2051 2.2710 1.3401 1.8510
 
FROM LAYER 3 1.6040 1.2956 0.7913 0.0000 0.1229 0.1398
 

PERCOLATION/LEAKAGE THROUGH 0.9617 1.5097 2.7409 2.7236 2.0088 2.5213
 
LAYER 4 2.3832 2.1382 1.3655 0.0000 0.4347 0.3935
 

LATERAL DRAINAGE COLLECTED 0.8473 1.3504 2.4999 2.4898 1.8114 2.2929
 
FROM LAYER 5 2.1584 1.9265 1.2268 0.0000 0.3647 0.3340
 

PERCOLATION/LEAKAGE THROUGH	 0.1143 0.1593 0.2410 0.2338 0.1974 0.2284
 
LAYER 6 0.2248 0.2117 0.1387 0.0000 0.0700 0.0595
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.087 0.180 0.392 0.417 0.238 0.340
 
TOP OF LAYER 4 0.285 0.230 0.145 0.000 0.023 0.025
 

STD. DEVIATION OF DAILY 0.106 0.178 0.146 0.114 0.145 0.016
 
HEAD ON TOP OF LAYER 4 0.016 0.020 0.102 0.000 0.027 0.044
 

AVERAGE DAILY HEAD ON 0.005 0.008 0.013 0.014 0.010 0.013
 
TOP OF LAYER 6 0.011 0.010 0.007 0.000 0.002 0.002
 

STD. DEVIATION OF DAILY 0.004 0.005 0.003 0.003 0.004 0.000
 
HEAD ON TOP OF LAYER 6 0.000 0.000 0.005 0.000 0.002 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT
 

PRECIPITATION	 54.93 199395.891 100.00
 

RUNOFF	 1.369 4967.795 2.49
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EVAPOTRANSPIRATION 20.472 74312.031 37.27
 

DRAINAGE COLLECTED FROM LAYER 3 13.0522 47379.355 23.76
 

PERC./LEAKAGE THROUGH LAYER 4 19.181065 69627.266 34.92
 

AVG. HEAD ON TOP OF LAYER 4 0.1970
 

DRAINAGE COLLECTED FROM LAYER 5 17.3021 62806.641 31.50
 

PERC./LEAKAGE THROUGH LAYER 6 1.878967 6820.651 3.42
 

AVG. HEAD ON TOP OF LAYER 6 0.0078
 

CHANGE IN WATER STORAGE 0.857 3109.450 1.56
 

SOIL WATER AT START OF YEAR 221.702 804778.625
 

SOIL WATER AT END OF YEAR 222.559 807888.062
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.038 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 7.81 2.84 7.84 2.86 2.06 2.62
 
1.43 1.22 2.78 6.20 3.52 3.33
 

RUNOFF 0.064 0.000 0.011 0.000 0.000 0.000
 
0.000 0.000 0.000 0.050 0.000 0.092
 

EVAPOTRANSPIRATION 1.132 1.239 2.217 3.114 2.154 2.856
 
3.500 0.848 1.792 1.521 1.016 0.887
 

LATERAL DRAINAGE COLLECTED 0.4228 1.0613 0.8030 2.4300 2.3792 1.8714
 
FROM LAYER 3 1.5383 1.2496 0.3895 0.0420 0.2170 0.1484
 

PERCOLATION/LEAKAGE THROUGH 0.9477 1.6821 1.4555 2.8651 2.9087 2.5346
 
LAYER 4 2.3331 2.1007 0.6670 0.2175 0.5665 0.5326
 

LATERAL DRAINAGE COLLECTED 0.8287 1.5102 1.2949 2.6210 2.6581 2.3055
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FROM LAYER 5 2.1109 1.8910 0.5987 0.1802 0.4893 0.4501
 

PERCOLATION/LEAKAGE THROUGH 0.1189 0.1720 0.1605 0.2441 0.2506 0.2291
 
LAYER 6 0.2222 0.2097 0.0683 0.0373 0.0772 0.0824
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.075 0.209 0.143 0.447 0.423 0.344
 
TOP OF LAYER 4 0.274 0.222 0.072 0.008 0.040 0.027
 

STD. DEVIATION OF DAILY 0.093 0.158 0.137 0.111 0.031 0.024
 
HEAD ON TOP OF LAYER 4 0.018 0.013 0.105 0.012 0.061 0.037
 

AVERAGE DAILY HEAD ON 0.005 0.009 0.007 0.014 0.014 0.013
 
TOP OF LAYER 6 0.011 0.010 0.003 0.001 0.003 0.003
 

STD. DEVIATION OF DAILY 0.004 0.004 0.004 0.002 0.001 0.000
 
HEAD ON TOP OF LAYER 6 0.000 0.000 0.005 0.001 0.003 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.51 161571.266 100.00
 

RUNOFF 0.216 784.024 0.49
 

EVAPOTRANSPIRATION 22.276 80861.852 50.05
 

DRAINAGE COLLECTED FROM LAYER 3 12.5526 45565.930 28.20
 

PERC./LEAKAGE THROUGH LAYER 4 18.810984 68283.867 42.26
 

AVG. HEAD ON TOP OF LAYER 4 0.1902
 

DRAINAGE COLLECTED FROM LAYER 5 16.9387 61487.652 38.06
 

PERC./LEAKAGE THROUGH LAYER 6 1.872246 6796.252 4.21
 

AVG. HEAD ON TOP OF LAYER 6 0.0077
 

CHANGE IN WATER STORAGE -9.346 -33924.348 -21.00
 

SOIL WATER AT START OF YEAR 222.559 807888.062
 

SOIL WATER AT END OF YEAR 213.213 773963.750
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SNOW WATER AT START OF YEAR	 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR	 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.095 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.749 0.072
 

EVAPOTRANSPIRATION 1.147 1.368 2.200 1.521 1.606 1.054
 
2.028 1.140 0.193 1.209 1.050 0.894
 

LATERAL DRAINAGE COLLECTED 0.2405 0.7227 0.5705 1.5058 1.4309 1.2035
 
FROM LAYER 3 0.7258 0.0001 0.0000 0.0000 0.0210 0.2577
 

PERCOLATION/LEAKAGE THROUGH 0.6189 1.3636 1.2100 2.2708 2.2501 2.0276
 
LAYER 4 1.3431 0.0010 0.0000 0.0000 0.0802 0.6523
 

LATERAL DRAINAGE COLLECTED 0.5340 1.2133 1.0657 2.0551 2.0323 1.8250
 
FROM LAYER 5 1.1971 0.0005 0.0000 0.0000 0.0657 0.5659
 

PERCOLATION/LEAKAGE THROUGH	 0.0849 0.1504 0.1443 0.2157 0.2178 0.2026
 
LAYER 6 0.1460 0.0005 0.0000 0.0000 0.0145 0.0864
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.043 0.142 0.102 0.277 0.255 0.221
 
TOP OF LAYER 4 0.129 0.000 0.000 0.000 0.004 0.046
 

STD. DEVIATION OF DAILY 0.056 0.109 0.090 0.019 0.008 0.016
 
HEAD ON TOP OF LAYER 4 0.092 0.000 0.000 0.000 0.010 0.059
 

AVERAGE DAILY HEAD ON 0.003 0.007 0.006 0.011 0.011 0.010
 
TOP OF LAYER 6 0.006 0.000 0.000 0.000 0.000 0.003
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STD. DEVIATION OF DAILY 0.003 0.004 0.003 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 6 0.004 0.000 0.000 0.000 0.001 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 0.821 2979.741 1.85
 

EVAPOTRANSPIRATION 15.409 55935.789 34.64
 

DRAINAGE COLLECTED FROM LAYER 3 6.6785 24243.020 15.01
 

PERC./LEAKAGE THROUGH LAYER 4 11.817634 42898.012 26.57
 

AVG. HEAD ON TOP OF LAYER 4 0.1015
 

DRAINAGE COLLECTED FROM LAYER 5 10.5545 38312.695 23.73
 

PERC./LEAKAGE THROUGH LAYER 6 1.263176 4585.328 2.84
 

AVG. HEAD ON TOP OF LAYER 6 0.0048
 

CHANGE IN WATER STORAGE 9.754 35405.793 21.93
 

SOIL WATER AT START OF YEAR 213.213 773963.750
 

SOIL WATER AT END OF YEAR 222.967 809369.500
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.087 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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PRECIPITATION	 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 0.114 0.010 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.537 0.099
 

EVAPOTRANSPIRATION 1.127 1.285 2.264 2.050 2.420 1.663
 
2.426 0.967 0.123 1.044 1.072 0.927
 

LATERAL DRAINAGE COLLECTED 0.5528 0.7344 1.1972 3.1492 2.5770 1.9651
 
FROM LAYER 3 1.6787 1.3478 0.8547 0.0000 0.0423 0.1238
 

PERCOLATION/LEAKAGE THROUGH 1.0754 1.1912 1.8636 3.2984 3.0285 2.5985
 
LAYER 4 2.4382 2.1824 1.4736 0.0000 0.1394 0.4409
 

LATERAL DRAINAGE COLLECTED 0.9504 1.0607 1.6744 3.0340 2.7723 2.3663
 
FROM LAYER 5 2.2106 1.9682 1.3237 0.0000 0.1176 0.3734
 

PERCOLATION/LEAKAGE THROUGH	 0.1250 0.1304 0.1892 0.2643 0.2562 0.2322
 
LAYER 6 0.2276 0.2142 0.1500 0.0000 0.0218 0.0675
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.098 0.145 0.213 0.579 0.458 0.361
 
TOP OF LAYER 4 0.299 0.240 0.157 0.000 0.008 0.022
 

STD. DEVIATION OF DAILY 0.123 0.174 0.159 0.052 0.036 0.021
 
HEAD ON TOP OF LAYER 4 0.021 0.015 0.097 0.000 0.019 0.025
 

AVERAGE DAILY HEAD ON 0.005 0.006 0.009 0.016 0.015 0.013
 
TOP OF LAYER 6 0.012 0.010 0.007 0.000 0.001 0.002
 

STD. DEVIATION OF DAILY 0.004 0.005 0.004 0.001 0.001 0.000
 
HEAD ON TOP OF LAYER 6 0.000 0.000 0.004 0.000 0.002 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 47.46 172279.812 100.00
 

RUNOFF 0.760 2757.486 1.60
 

EVAPOTRANSPIRATION 17.368 63045.613 36.59
 

DRAINAGE COLLECTED FROM LAYER 3 14.2229 51629.121 29.97
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PERC./LEAKAGE THROUGH LAYER 4 19.729986 71619.852 41.57
 

AVG. HEAD ON TOP OF LAYER 4 0.2150
 

DRAINAGE COLLECTED FROM LAYER 5 17.8516 64801.305 37.61
 

PERC./LEAKAGE THROUGH LAYER 6 1.878391 6818.560 3.96
 

AVG. HEAD ON TOP OF LAYER 6 0.0080
 

CHANGE IN WATER STORAGE -4.620 -16772.299 -9.74
 

SOIL WATER AT START OF YEAR 222.967 809369.500
 

SOIL WATER AT END OF YEAR 218.346 792597.250
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.027 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 4.04 5.93 4.18 1.56 2.56 1.33
 
0.72 0.77 0.87 3.53 3.65 2.80
 

RUNOFF 0.000 0.023 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.000
 

EVAPOTRANSPIRATION 1.088 1.303 2.266 2.278 2.764 1.947
 
1.896 1.016 0.716 1.278 0.880 0.889
 

LATERAL DRAINAGE COLLECTED 0.6657 0.4767 0.8140 1.4464 1.5924 1.3582
 
FROM LAYER 3 1.1975 0.1500 0.0000 0.0000 0.0825 0.3521
 

PERCOLATION/LEAKAGE THROUGH 1.3287 1.0502 1.6306 2.2227 2.3747 2.1564
 
LAYER 4 2.0561 0.2401 0.0000 0.0000 0.3101 0.9245
 

LATERAL DRAINAGE COLLECTED 1.1756 0.9222 1.4498 2.0096 2.1503 1.9467
 
FROM LAYER 5 1.8488 0.2155 0.0000 0.0000 0.2647 0.8073
 

PERCOLATION/LEAKAGE THROUGH 0.1531 0.1280 0.1808 0.2131 0.2243 0.2097
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LAYER 6 0.2072 0.0245 0.0000 0.0000 0.0454 0.1171
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.118 0.091 0.145 0.266 0.283 0.250
 
TOP OF LAYER 4 0.213 0.027 0.000 0.000 0.015 0.063
 

STD. DEVIATION OF DAILY 0.106 0.085 0.079 0.029 0.014 0.007
 
HEAD ON TOP OF LAYER 4 0.012 0.080 0.000 0.000 0.022 0.057
 

AVERAGE DAILY HEAD ON 0.006 0.005 0.008 0.011 0.011 0.011
 
TOP OF LAYER 6 0.010 0.001 0.000 0.000 0.002 0.004
 

STD. DEVIATION OF DAILY 0.004 0.003 0.002 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 6 0.000 0.003 0.000 0.000 0.002 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 31.94 115942.289 100.00
 

RUNOFF 0.023 85.197 0.07
 

EVAPOTRANSPIRATION 18.320 66502.914 57.36
 

DRAINAGE COLLECTED FROM LAYER 3 8.1354 29531.488 25.47
 

PERC./LEAKAGE THROUGH LAYER 4 14.293874 51886.762 44.75
 

AVG. HEAD ON TOP OF LAYER 4 0.1225
 

DRAINAGE COLLECTED FROM LAYER 5 12.7906 46429.871 40.05
 

PERC./LEAKAGE THROUGH LAYER 6 1.503282 5456.914 4.71
 

AVG. HEAD ON TOP OF LAYER 6 0.0058
 

CHANGE IN WATER STORAGE -8.833 -32064.150 -27.66
 

SOIL WATER AT START OF YEAR 218.346 792597.250
 

SOIL WATER AT END OF YEAR 209.513 760533.062
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
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ANNUAL WATER BUDGET BALANCE 0.0000 0.060 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.013
 
0.000 0.000 0.000 0.000 1.435 0.071
 

EVAPOTRANSPIRATION 1.099 1.252 2.387 3.003 2.773 2.600
 
2.377 2.084 0.774 0.914 0.991 0.925
 

LATERAL DRAINAGE COLLECTED 0.2929 0.3518 0.7546 0.3881 0.0570 0.0501
 
FROM LAYER 3 0.0349 0.0045 0.0000 0.0000 0.0324 0.0828
 

PERCOLATION/LEAKAGE THROUGH 0.7746 0.9679 1.6066 0.9923 0.3817 0.3162
 
LAYER 4 0.2366 0.0217 0.0000 0.0000 0.0920 0.2759
 

LATERAL DRAINAGE COLLECTED 0.6706 0.8409 1.4266 0.8621 0.3076 0.2552
 
FROM LAYER 5 0.1896 0.0171 0.0000 0.0000 0.0779 0.2330
 

PERCOLATION/LEAKAGE THROUGH	 0.1040 0.1270 0.1800 0.1302 0.0742 0.0610
 
LAYER 6 0.0470 0.0046 0.0000 0.0000 0.0141 0.0430
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.052 0.069 0.134 0.071 0.010 0.009
 
TOP OF LAYER 4 0.006 0.001 0.000 0.000 0.006 0.015
 

STD. DEVIATION OF DAILY 0.056 0.051 0.042 0.076 0.007 0.010
 
HEAD ON TOP OF LAYER 4 0.008 0.003 0.000 0.000 0.020 0.026
 

AVERAGE DAILY HEAD ON 0.004 0.005 0.008 0.005 0.002 0.002
 
TOP OF LAYER 6 0.001 0.000 0.000 0.000 0.000 0.001
 

STD. DEVIATION OF DAILY 0.003 0.002 0.001 0.003 0.001 0.001
 
HEAD ON TOP OF LAYER 6 0.001 0.000 0.000 0.000 0.001 0.002
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*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 1.519 5514.500 3.73
 

EVAPOTRANSPIRATION 21.181 76885.789 52.03
 

DRAINAGE COLLECTED FROM LAYER 3 2.0491 7438.061 5.03
 

PERC./LEAKAGE THROUGH LAYER 4 5.665551 20565.951 13.92
 

AVG. HEAD ON TOP OF LAYER 4 0.0312
 

DRAINAGE COLLECTED FROM LAYER 5 4.8805 17716.340 11.99
 

PERC./LEAKAGE THROUGH LAYER 6 0.785019 2849.619 1.93
 

AVG. HEAD ON TOP OF LAYER 6 0.0023
 

CHANGE IN WATER STORAGE 10.296 37373.004 25.29
 

SOIL WATER AT START OF YEAR 209.513 760533.062
 

SOIL WATER AT END OF YEAR 219.809 797906.062
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.012 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
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RUNOFF	 0.000 0.000 0.000 0.011 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.000
 

EVAPOTRANSPIRATION 1.196 1.278 2.185 2.357 1.200 1.285
 
2.181 0.644 0.215 0.552 0.748 0.969
 

LATERAL DRAINAGE COLLECTED 0.6949 0.5507 0.8306 1.2534 1.6999 1.5023
 
FROM LAYER 3 1.3514 0.9111 0.0000 0.0000 0.0000 0.0241
 

PERCOLATION/LEAKAGE THROUGH 1.4380 1.1769 1.4878 1.9746 2.4511 2.2682
 
LAYER 4 2.1857 1.5689 0.0000 0.0000 0.0000 0.0925
 

LATERAL DRAINAGE COLLECTED 1.2716 1.0362 1.3234 1.7779 2.2229 2.0527
 
FROM LAYER 5 1.9714 1.4099 0.0000 0.0000 0.0000 0.0761
 

PERCOLATION/LEAKAGE THROUGH	 0.1664 0.1406 0.1643 0.1967 0.2282 0.2155
 
LAYER 6 0.2144 0.1590 0.0000 0.0000 0.0000 0.0164
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.124 0.108 0.148 0.230 0.302 0.276
 
TOP OF LAYER 4 0.240 0.162 0.000 0.000 0.000 0.004
 

STD. DEVIATION OF DAILY 0.091 0.107 0.141 0.131 0.031 0.018
 
HEAD ON TOP OF LAYER 4 0.012 0.094 0.000 0.000 0.000 0.013
 

AVERAGE DAILY HEAD ON 0.007 0.006 0.007 0.010 0.012 0.011
 
TOP OF LAYER 6 0.010 0.008 0.000 0.000 0.000 0.000
 

STD. DEVIATION OF DAILY 0.003 0.003 0.004 0.003 0.001 0.000
 
HEAD ON TOP OF LAYER 6 0.000 0.004 0.000 0.000 0.000 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 30.18 109553.453 100.00
 

RUNOFF 0.012 43.056 0.04
 

EVAPOTRANSPIRATION 14.811 53765.234 49.08
 

DRAINAGE COLLECTED FROM LAYER 3 8.8183 32010.273 29.22
 

PERC./LEAKAGE THROUGH LAYER 4 14.643708 53156.660 48.52
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AVG. HEAD ON TOP OF LAYER 4 0.1330
 

DRAINAGE COLLECTED FROM LAYER 5 13.1421 47705.793 43.55
 

PERC./LEAKAGE THROUGH LAYER 6 1.501618 5450.872 4.98
 

AVG. HEAD ON TOP OF LAYER 6 0.0060
 

CHANGE IN WATER STORAGE -8.105 -29421.855 -26.86
 

SOIL WATER AT START OF YEAR 219.809 797906.062
 

SOIL WATER AT END OF YEAR 211.704 768484.250
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.082 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 0.034 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 1.233 0.003 0.000
 

EVAPOTRANSPIRATION 1.157 1.266 2.328 3.606 0.633 0.676
 
1.803 0.429 0.687 1.105 0.905 0.956
 

LATERAL DRAINAGE COLLECTED 0.2681 0.5185 0.7815 1.0402 1.3887 1.1436
 
FROM LAYER 3 0.5165 0.0000 0.0000 0.0000 0.4264 0.1562
 

PERCOLATION/LEAKAGE THROUGH 0.6888 1.0532 1.3849 1.8003 2.2160 1.9767
 
LAYER 4 0.9204 0.0000 0.0000 0.0000 0.9877 0.4994
 

LATERAL DRAINAGE COLLECTED 0.5960 0.9319 1.2349 1.6134 2.0000 1.7769
 
FROM LAYER 5 0.8246 0.0000 0.0000 0.0000 0.8665 0.4250
 

PERCOLATION/LEAKAGE THROUGH	 0.0928 0.1213 0.1499 0.1868 0.2160 0.1998
 
LAYER 6 0.0958 0.0000 0.0000 0.0000 0.1212 0.0744
 



 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

                               
                                      

                             
                                

                               
                                      

                             
                                

 

 

                               
 -------------------------------------------------------------------------------
                                                          
                                         --------        ----------    -------
                                           

                                                      

                                       

                              

                            

                       

                             

                               

                       

                                      

                            

                              

                                         

                                           

                                     

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.048 0.102 0.139 0.191 0.247 0.210
 
TOP OF LAYER 4 0.092 0.000 0.000 0.000 0.078 0.028
 

STD. DEVIATION OF DAILY 0.055 0.104 0.117 0.098 0.012 0.010
 
HEAD ON TOP OF LAYER 4 0.103 0.000 0.000 0.000 0.078 0.034
 

AVERAGE DAILY HEAD ON 0.003 0.006 0.007 0.009 0.011 0.010
 
TOP OF LAYER 6 0.004 0.000 0.000 0.000 0.005 0.002
 

STD. DEVIATION OF DAILY 0.003 0.004 0.004 0.003 0.000 0.000
 
HEAD ON TOP OF LAYER 6 0.005 0.000 0.000 0.000 0.003 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.29 146252.687 100.00
 

RUNOFF 1.270 4610.724 3.15
 

EVAPOTRANSPIRATION 15.551 56449.172 38.60
 

DRAINAGE COLLECTED FROM LAYER 3 6.2398 22650.316 15.49
 

PERC./LEAKAGE THROUGH LAYER 4 11.527400 41844.461 28.61
 

AVG. HEAD ON TOP OF LAYER 4 0.0947
 

DRAINAGE COLLECTED FROM LAYER 5 10.2692 37277.199 25.49
 

PERC./LEAKAGE THROUGH LAYER 6 1.258191 4567.234 3.12
 

AVG. HEAD ON TOP OF LAYER 6 0.0047
 

CHANGE IN WATER STORAGE 5.702 20698.078 14.15
 

SOIL WATER AT START OF YEAR 211.704 768484.250
 

SOIL WATER AT END OF YEAR 217.406 789182.312
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.037 0.00
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*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------­ ------­ ------­ ------­ ------­ ------­

PRECIPITATION 
------------­

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64 
0.72 0.69 1.04 4.26 7.00 6.46 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93 
0.49 0.68 0.85 2.22 3.22 2.60 

RUNOFF 
-----­

TOTALS 0.025 0.108 0.002 0.028 0.000 0.001 
0.000 0.000 0.000 0.130 0.324 0.070 

STD. DEVIATIONS 0.039 0.261 0.004 0.084 0.000 0.004 
0.000 0.000 0.000 0.388 0.475 0.074 

EVAPOTRANSPIRATION 
-----------------­

TOTALS 1.137 1.282 2.254 2.635 1.930 1.733 
2.299 1.004 0.812 1.078 0.960 0.924 

STD. DEVIATIONS 0.031 0.060 0.098 0.756 0.769 0.753 
0.536 0.489 0.623 0.340 0.099 0.028 

LATERAL DRAINAGE COLLECTED FROM LAYER 3
 

TOTALS 0.4757 0.6690 0.9367 1.6194 1.5572 1.3517
 
1.0838 0.5127 0.2035 0.0047 0.1249 0.1544
 

STD. DEVIATIONS 0.1637 0.2492 0.4755 0.7889 0.6748 0.5474
 
0.5254 0.6063 0.3487 0.0132 0.1268 0.0915
 

PERCOLATION/LEAKAGE THROUGH LAYER 4
 

TOTALS 1.0269 1.2481 1.5998 2.2397 2.2308 2.0592
 
1.7683 0.8535 0.3506 0.0257 0.3631 0.4587
 

STD. DEVIATIONS 0.2770 0.2913 0.4524 0.6323 0.7204 0.6531
 
0.7249 1.0035 0.6011 0.0685 0.3015 0.2223
 

LATERAL DRAINAGE COLLECTED FROM LAYER 5
 

TOTALS 0.9023 1.1077 1.4296 2.0298 2.0198 1.8601
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1.5914 0.7682 0.3149 0.0211 0.3111 0.3925
 

STD. DEVIATIONS 0.2505 0.2689 0.4218 0.5964 0.6698 0.6035
 
0.6632 0.9043 0.5399 0.0567 0.2632 0.1958
 

PERCOLATION/LEAKAGE THROUGH LAYER 6
 

TOTALS 0.1246 0.1404 0.1702 0.2099 0.2110 0.1991
 
0.1769 0.0853 0.0357 0.0046 0.0520 0.0662
 

STD. DEVIATIONS 0.0267 0.0229 0.0314 0.0363 0.0510 0.0499
 
0.0619 0.0992 0.0611 0.0118 0.0388 0.0270
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 4
 

AVERAGES 0.0847 0.1308 0.1667 0.2977 0.2770 0.2485
 
0.1928 0.0912 0.0374 0.0008 0.0230 0.0276
 

STD. DEVIATIONS 0.0291 0.0486 0.0846 0.1450 0.1200 0.1006
 
0.0934 0.1079 0.0641 0.0024 0.0233 0.0163
 

DAILY AVERAGE HEAD ON TOP OF LAYER 6
 

AVERAGES 0.0049 0.0066 0.0077 0.0111 0.0107 0.0102
 
0.0085 0.0041 0.0017 0.0001 0.0018 0.0022
 

STD. DEVIATIONS 0.0013 0.0015 0.0022 0.0031 0.0035 0.0032
 
0.0035 0.0048 0.0030 0.0003 0.0015 0.0011
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF 0.688 ( 0.5605) 2497.39 1.652
 

EVAPOTRANSPIRATION 18.048 ( 2.5449) 65514.14 43.335
 

LATERAL DRAINAGE COLLECTED 8.69382 ( 3.67501) 31558.576 20.87452
 
FROM LAYER 3
 

PERCOLATION/LEAKAGE THROUGH 14.22431 ( 4.27308) 51634.262 34.15365
 
LAYER 4
 

http:65514.14


                       
       

                    
       

                      
  

                       
       

                               

 

AVERAGE HEAD ON TOP 0.132 ( 0.055)
 
OF LAYER 4
 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

12.74842 ( 3.92994) 46276.773 30.60992 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

1.47589 ( 0.34378) 5357.485 3.54373 

AVERAGE HEAD ON TOP 
OF LAYER 6 

0.006 ( 0.002) 

CHANGE IN WATER STORAGE -0.006 ( 7.4868) -22.12 -0.015 

*******************************************************************************
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 1.406 5103.3672 

DRAINAGE COLLECTED FROM LAYER 3 0.12265 445.21701 

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.119104 432.34674 

AVERAGE HEAD ON TOP OF LAYER 4 0.676 

MAXIMUM HEAD ON TOP OF LAYER 4 1.214 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

3 
12.8 FEET 

DRAINAGE COLLECTED FROM LAYER 5 0.10990 398.93909 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.009203 33.40766 

AVERAGE HEAD ON TOP OF LAYER 6 0.018 

MAXIMUM HEAD ON TOP OF LAYER 6 0.024 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

5 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.3332
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.0627
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 4.2330 0.2352 

2 211.8501 0.3048 

3 0.6216 0.0518 

4 0.0000 0.0000 

5 0.0025 0.0100 

6 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\ET_CVR.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\FLOOR2R1.D10
 
OUTPUT DATA FILE: C:\tLF\FLOOR2R1.OUT
 

TIME: 10: 6 DATE: 4/27/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - Cover Area
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 45
 

THICKNESS = 0.01 INCHES
 
POROSITY = 0.0030 VOL/VOL
 
FIELD CAPACITY = 0.0020 VOL/VOL
 
WILTING POINT = 0.0010 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0030 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2404 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 3
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 695.00 INCHES
 
POROSITY = 0.6710 VOL/VOL
 
FIELD CAPACITY = 0.2920 VOL/VOL
 
WILTING POINT = 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2963 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 4
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 50
 

THICKNESS = 12.00 INCHES
 
POROSITY = 0.3200 VOL/VOL
 
FIELD CAPACITY = 0.0500 VOL/VOL
 
WILTING POINT = 0.0200 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0511 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.200000003000 CM/SEC
 
SLOPE = 2.00 PERCENT
 
DRAINAGE LENGTH = 125.0 FEET
 

LAYER 5
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
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INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

LAYER 6
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES
 
POROSITY = 0.8500 VOL/VOL
 
FIELD CAPACITY = 0.0100 VOL/VOL
 
WILTING POINT = 0.0050 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
 
SLOPE = 2.00 PERCENT
 
DRAINAGE LENGTH = 125.0 FEET
 

LAYER 7
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE #16 WITH BARE
 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
 
A SLOPE LENGTH OF 125. FEET.
 

SCS RUNOFF CURVE NUMBER = 96.90
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
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INITIAL WATER IN EVAPORATIVE ZONE = 6.103 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.247 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.505 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 210.871 INCHES
 
TOTAL INITIAL WATER = 210.871 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 0.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 



                                         
                                                      

                                           
                                                 

                               
                                                 

                    
                                  

                  
                                   

                    
                                  

                  
                                   

 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

                               
                                      

                             
                                

                               
                                      

                             
                                

 

 

                               
 -------------------------------------------------------------------------------
                                                          
                                         --------        ----------    -------
                                           

                                                   

                                       

                               

PRECIPITATION	 3.54 4.72 4.02 2.44 1.63 2.04
 
0.27 0.36 1.82 4.52 5.24 7.52
 

RUNOFF 0.884 1.392 1.230 0.482 0.246 0.253
 
0.001 0.004 0.347 2.148 1.665 3.512
 

EVAPOTRANSPIRATION 1.273 1.225 2.493 1.902 1.424 1.841
 
0.397 0.275 1.592 0.570 1.005 0.992
 

LATERAL DRAINAGE COLLECTED 0.3234 0.8302 0.4153 0.8407 0.4578 0.0066
 
FROM LAYER 4 0.0058 0.0031 0.0006 0.0001 0.1238 0.2633
 

PERCOLATION/LEAKAGE THROUGH 0.9169 1.6178 0.9615 1.6912 0.9140 0.0924
 
LAYER 5 0.0866 0.0596 0.0117 0.0011 0.4387 0.6437
 

LATERAL DRAINAGE COLLECTED 0.7954 1.4445 0.8439 1.5079 0.8058 0.0630
 
FROM LAYER 6 0.0561 0.0360 0.0067 0.0005 0.3720 0.5579
 

PERCOLATION/LEAKAGE THROUGH	 0.1216 0.1733 0.1175 0.1833 0.1082 0.0295
 
LAYER 7 0.0305 0.0236 0.0051 0.0006 0.0667 0.0858
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.058 0.164 0.074 0.155 0.081 0.001
 
TOP OF LAYER 5 0.001 0.001 0.000 0.000 0.023 0.047
 

STD. DEVIATION OF DAILY 0.044 0.031 0.073 0.015 0.092 0.001
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.028 0.069
 

AVERAGE DAILY HEAD ON 0.004 0.009 0.005 0.008 0.004 0.000
 
TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.002 0.003
 

STD. DEVIATION OF DAILY 0.002 0.001 0.003 0.000 0.004 0.000
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.002 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 38.12 138375.609 100.00
 

RUNOFF 12.164 44154.566 31.91
 

EVAPOTRANSPIRATION 14.989 54409.203 39.32
 

DRAINAGE COLLECTED FROM LAYER 4 3.2708 11872.844 8.58
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PERC./LEAKAGE THROUGH LAYER 5 7.435317 26990.201 19.51
 

AVG. HEAD ON TOP OF LAYER 5 0.0504
 

DRAINAGE COLLECTED FROM LAYER 6 6.4898 23557.916 17.02
 

PERC./LEAKAGE THROUGH LAYER 7 0.945533 3432.286 2.48
 

AVG. HEAD ON TOP OF LAYER 7 0.0031
 

CHANGE IN WATER STORAGE 0.261 948.820 0.69
 

SOIL WATER AT START OF YEAR 211.487 767698.062
 

SOIL WATER AT END OF YEAR 211.748 768646.875
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.026 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 1.171 2.627 1.002 0.209 0.126 0.024
 
0.433 0.273 0.401 1.482 5.185 3.161
 

EVAPOTRANSPIRATION 1.221 1.433 2.376 2.011 1.101 0.736
 
1.313 0.518 0.702 1.809 1.145 1.000
 

LATERAL DRAINAGE COLLECTED 0.4129 0.4532 0.5169 0.7705 0.8435 0.0077
 
FROM LAYER 4 0.0016 0.0001 0.0008 0.0005 0.1089 0.1352
 

PERCOLATION/LEAKAGE THROUGH 1.0164 1.0229 1.2031 1.5996 1.5960 0.1108
 
LAYER 5 0.0251 0.0009 0.0109 0.0084 0.4527 0.3849
 

LATERAL DRAINAGE COLLECTED 0.8892 0.8972 1.0565 1.4226 1.4236 0.0755
 
FROM LAYER 6 0.0158 0.0004 0.0071 0.0056 0.3737 0.3308
 

PERCOLATION/LEAKAGE THROUGH	 0.1271 0.1257 0.1467 0.1770 0.1724 0.0352
 
LAYER 7 0.0093 0.0004 0.0038 0.0028 0.0789 0.0541
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 5
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 5
 

AVERAGE DAILY HEAD ON
 
TOP OF LAYER 7
 

STD. DEVIATION OF DAILY
 
HEAD ON TOP OF LAYER 7
 

0.073 0.089 0.092 0.142 0.150 0.002 
0.000 0.000 0.000 0.000 0.020 0.024 

0.069 0.089 0.079 0.040 0.072 0.000 
0.001 0.000 0.001 0.000 0.029 0.041 

0.005 0.005 0.006 0.008 0.008 0.001 
0.000 0.000 0.000 0.000 0.002 0.002 

0.003 0.003 0.003 0.001 0.003 0.000 
0.000 0.000 0.000 0.000 0.002 0.003 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 43.86 159211.797 100.00 

RUNOFF 16.095 58423.766 36.70 

EVAPOTRANSPIRATION 15.367 55781.785 35.04 

DRAINAGE COLLECTED FROM LAYER 4 3.2517 11803.685 7.41 

PERC./LEAKAGE THROUGH LAYER 5 7.431584 26976.650 16.94 

AVG. HEAD ON TOP OF LAYER 5 0.0494 

DRAINAGE COLLECTED FROM LAYER 6 6.4981 23587.943 14.82 

PERC./LEAKAGE THROUGH LAYER 7 0.933526 3388.701 2.13 

AVG. HEAD ON TOP OF LAYER 7 0.0030 

CHANGE IN WATER STORAGE 1.715 6225.880 3.91 

SOIL WATER AT START OF YEAR 211.748 768646.875 

SOIL WATER AT END OF YEAR 213.464 774872.812 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 
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ANNUAL WATER BUDGET BALANCE 0.0000 0.040 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 3.301 4.916 0.161 3.415 0.639 0.000
 
0.009 0.024 0.157 1.677 2.569 5.346
 

EVAPOTRANSPIRATION 1.183 1.412 1.972 3.596 2.149 1.364
 
0.680 0.437 1.454 1.180 1.038 0.947
 

LATERAL DRAINAGE COLLECTED 0.4451 0.2946 0.9728 1.2472 1.0459 0.2430
 
FROM LAYER 4 0.0097 0.0047 0.0007 0.0023 0.2433 0.1450
 

PERCOLATION/LEAKAGE THROUGH 1.0000 0.7546 1.7982 2.0650 1.9152 0.5674
 
LAYER 5 0.1495 0.0739 0.0124 0.0123 0.7965 0.4080
 

LATERAL DRAINAGE COLLECTED 0.8760 0.6554 1.6076 1.8603 1.7160 0.4871
 
FROM LAYER 6 0.1066 0.0470 0.0071 0.0094 0.6828 0.3470
 

PERCOLATION/LEAKAGE THROUGH	 0.1240 0.0992 0.1906 0.2047 0.1991 0.0803
 
LAYER 7 0.0429 0.0269 0.0053 0.0029 0.1137 0.0610
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.079 0.056 0.173 0.229 0.186 0.045
 
TOP OF LAYER 5 0.002 0.001 0.000 0.000 0.045 0.026
 

STD. DEVIATION OF DAILY 0.078 0.068 0.072 0.012 0.029 0.079
 
HEAD ON TOP OF LAYER 5 0.001 0.000 0.000 0.002 0.031 0.049
 

AVERAGE DAILY HEAD ON 0.005 0.004 0.009 0.010 0.009 0.003
 
TOP OF LAYER 7 0.001 0.000 0.000 0.000 0.004 0.002
 

STD. DEVIATION OF DAILY 0.003 0.003 0.002 0.000 0.001 0.004
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.002 0.003
 

*******************************************************************************
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ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 54.93 199395.891 100.00
 

RUNOFF 22.214 80637.609 40.44
 

EVAPOTRANSPIRATION 17.412 63205.242 31.70
 

DRAINAGE COLLECTED FROM LAYER 4 4.6543 16895.115 8.47
 

PERC./LEAKAGE THROUGH LAYER 5 9.553142 34677.902 17.39
 

AVG. HEAD ON TOP OF LAYER 5 0.0702
 

DRAINAGE COLLECTED FROM LAYER 6 8.4023 30500.521 15.30
 

PERC./LEAKAGE THROUGH LAYER 7 1.150797 4177.392 2.10
 

AVG. HEAD ON TOP OF LAYER 7 0.0039
 

CHANGE IN WATER STORAGE 1.096 3980.116 2.00
 

SOIL WATER AT START OF YEAR 213.464 774872.812
 

SOIL WATER AT END OF YEAR 214.560 778852.875
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.113 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 7.81 2.84 7.84 2.86 2.06 2.62
 
1.43 1.22 2.78 6.20 3.52 3.33
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RUNOFF	 3.694 0.902 3.086 0.000 0.000 0.480
 
0.373 0.101 0.502 2.254 0.721 1.367
 

EVAPOTRANSPIRATION 1.205 1.342 2.307 3.006 2.126 2.172
 
1.630 0.489 1.936 1.756 1.137 0.978
 

LATERAL DRAINAGE COLLECTED 0.2912 0.6120 0.6508 0.9734 1.2690 1.0147
 
FROM LAYER 4 0.0019 0.0000 0.0006 0.1505 0.2702 0.2938
 

PERCOLATION/LEAKAGE THROUGH 0.6950 1.2888 1.3122 1.7593 2.1168 1.7666
 
LAYER 5 0.0330 0.0000 0.0077 0.5340 0.8360 0.8757
 

LATERAL DRAINAGE COLLECTED 0.6032 1.1399 1.1628 1.5742 1.9062 1.5848
 
FROM LAYER 6 0.0236 0.0000 0.0047 0.4564 0.7187 0.7540
 

PERCOLATION/LEAKAGE THROUGH	 0.0918 0.1489 0.1495 0.1850 0.2106 0.1818
 
LAYER 7 0.0094 0.0000 0.0030 0.0776 0.1173 0.1217
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.052 0.121 0.116 0.179 0.226 0.187
 
TOP OF LAYER 5 0.000 0.000 0.000 0.027 0.050 0.052
 

STD. DEVIATION OF DAILY 0.082 0.086 0.086 0.077 0.015 0.071
 
HEAD ON TOP OF LAYER 5 0.001 0.000 0.000 0.031 0.045 0.055
 

AVERAGE DAILY HEAD ON 0.003 0.007 0.006 0.009 0.010 0.009
 
TOP OF LAYER 7 0.000 0.000 0.000 0.003 0.004 0.004
 

STD. DEVIATION OF DAILY 0.003 0.003 0.004 0.002 0.000 0.003
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.002 0.002 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.51 161571.266 100.00
 

RUNOFF 13.479 48929.133 30.28
 

EVAPOTRANSPIRATION 20.084 72904.656 45.12
 

DRAINAGE COLLECTED FROM LAYER 4 5.5281 20066.873 12.42
 

PERC./LEAKAGE THROUGH LAYER 5 11.225141 40747.262 25.22
 

AVG. HEAD ON TOP OF LAYER 5 0.0841
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DRAINAGE COLLECTED FROM LAYER 6 9.9287 36041.180 22.31
 

PERC./LEAKAGE THROUGH LAYER 7 1.296434 4706.054 2.91
 

AVG. HEAD ON TOP OF LAYER 7 0.0046
 

CHANGE IN WATER STORAGE -5.806 -21076.609 -13.04
 

SOIL WATER AT START OF YEAR 214.560 778852.875
 

SOIL WATER AT END OF YEAR 208.754 757776.312
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.019 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 3.188 0.271 1.381 0.043 0.557 0.051
 
0.000 0.000 0.000 0.079 6.380 4.502
 

EVAPOTRANSPIRATION 1.191 1.412 2.249 1.654 1.316 0.793
 
0.778 0.242 0.205 1.297 1.107 0.953
 

LATERAL DRAINAGE COLLECTED 0.2778 0.4445 0.4354 0.9067 0.3438 0.0107
 
FROM LAYER 4 0.0040 0.0000 0.0001 0.0004 0.1861 0.1275
 

PERCOLATION/LEAKAGE THROUGH 0.7225 1.0091 1.1506 1.7567 0.6859 0.1271
 
LAYER 5 0.0520 0.0000 0.0019 0.0050 0.5777 0.4146
 

LATERAL DRAINAGE COLLECTED 0.6240 0.8896 1.0037 1.5695 0.5990 0.0883
 
FROM LAYER 6 0.0348 0.0000 0.0011 0.0028 0.4931 0.3498
 

PERCOLATION/LEAKAGE THROUGH	 0.0985 0.1195 0.1469 0.1872 0.0869 0.0388
 
LAYER 7 0.0173 0.0000 0.0008 0.0022 0.0846 0.0648
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.050 0.088 0.077 0.167 0.061 0.002
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.034 0.023
 

STD. DEVIATION OF DAILY 0.065 0.072 0.053 0.016 0.094 0.000
 
HEAD ON TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.043 0.037
 

AVERAGE DAILY HEAD ON 0.003 0.005 0.006 0.009 0.003 0.001
 
TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.003 0.002
 

STD. DEVIATION OF DAILY 0.003 0.003 0.002 0.000 0.004 0.000
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.003 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 16.453 59723.187 36.99
 

EVAPOTRANSPIRATION 13.196 47902.043 29.67
 

DRAINAGE COLLECTED FROM LAYER 4 2.7371 9935.675 6.15
 

PERC./LEAKAGE THROUGH LAYER 5 6.503251 23606.799 14.62
 

AVG. HEAD ON TOP OF LAYER 5 0.0419
 

DRAINAGE COLLECTED FROM LAYER 6 5.6559 20530.973 12.72
 

PERC./LEAKAGE THROUGH LAYER 7 0.847336 3075.828 1.90
 

AVG. HEAD ON TOP OF LAYER 7 0.0027
 

CHANGE IN WATER STORAGE 5.591 20294.678 12.57
 

SOIL WATER AT START OF YEAR 208.754 757776.312
 

SOIL WATER AT END OF YEAR 214.345 778071.000
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.071 0.00
 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 4.203 3.510 1.333 0.094 0.246 0.633
 
0.199 0.000 0.000 0.692 5.497 1.946
 

EVAPOTRANSPIRATION 1.216 1.344 2.371 2.102 2.061 0.582
 
1.322 0.439 0.279 0.903 1.151 1.019
 

LATERAL DRAINAGE COLLECTED 0.5235 0.2439 0.5661 1.4026 1.3359 1.0907
 
FROM LAYER 4 0.3460 0.0000 0.0004 0.0004 0.0519 0.1172
 

PERCOLATION/LEAKAGE THROUGH 1.0735 0.6483 1.2094 2.1875 2.1728 1.9303
 
LAYER 5 0.6310 0.0000 0.0049 0.0057 0.1928 0.3932
 

LATERAL DRAINAGE COLLECTED 0.9476 0.5590 1.0684 1.9763 1.9591 1.7330
 
FROM LAYER 6 0.5592 0.0000 0.0031 0.0034 0.1594 0.3297
 

PERCOLATION/LEAKAGE THROUGH 0.1259 0.0893 0.1410 0.2112 0.2136 0.1972
 
LAYER 7 0.0719 0.0000 0.0018 0.0023 0.0334 0.0634
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.093 0.048 0.101 0.258 0.238 0.200
 
TOP OF LAYER 5 0.062 0.000 0.000 0.000 0.010 0.021
 

STD. DEVIATION OF DAILY 0.100 0.057 0.083 0.030 0.013 0.008
 
HEAD ON TOP OF LAYER 5 0.097 0.000 0.000 0.000 0.019 0.034
 

AVERAGE DAILY HEAD ON 0.005 0.003 0.006 0.011 0.010 0.010
 
TOP OF LAYER 7 0.003 0.000 0.000 0.000 0.001 0.002
 

STD. DEVIATION OF DAILY 0.004 0.003 0.003 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 7 0.004 0.000 0.000 0.000 0.002 0.002
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 47.46 172279.812 100.00 

RUNOFF 18.353 66620.781 38.67 

EVAPOTRANSPIRATION 14.791 53690.051 31.16 

DRAINAGE COLLECTED FROM LAYER 4 5.6784 20612.771 11.96 

PERC./LEAKAGE THROUGH LAYER 5 10.449306 37930.980 22.02 

AVG. HEAD ON TOP OF LAYER 5 0.0859 

DRAINAGE COLLECTED FROM LAYER 6 9.2983 33752.652 19.59 

PERC./LEAKAGE THROUGH LAYER 7 1.151059 4178.343 2.43 

AVG. HEAD ON TOP OF LAYER 7 0.0043 

CHANGE IN WATER STORAGE -1.811 -6574.722 -3.82 

SOIL WATER AT START OF YEAR 214.345 778071.000 

SOIL WATER AT END OF YEAR 212.533 771496.250 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.068 0.00 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 4.04 5.93 4.18 1.56 2.56 1.33
 
0.72 0.77 0.87 3.53 3.65 2.80
 

RUNOFF 0.798 2.474 0.110 0.105 0.328 0.277
 
0.229 0.000 0.037 0.082 1.291 0.418
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EVAPOTRANSPIRATION	 1.162 1.400 2.322 2.209 2.126 1.561
 
0.393 0.364 0.969 1.445 1.060 0.997
 

LATERAL DRAINAGE COLLECTED 0.5205 0.6022 0.5597 0.7527 1.0060 0.1639
 
FROM LAYER 4 0.0010 0.0023 0.0015 0.0002 0.1761 0.4167
 

PERCOLATION/LEAKAGE THROUGH 1.1520 1.3501 1.3460 1.5913 1.8832 0.3221
 
LAYER 5 0.0161 0.0347 0.0192 0.0023 0.6307 1.0792
 

LATERAL DRAINAGE COLLECTED 1.0139 1.1928 1.1838 1.4144 1.6858 0.2806
 
FROM LAYER 6 0.0112 0.0243 0.0124 0.0012 0.5370 0.9410
 

PERCOLATION/LEAKAGE THROUGH	 0.1381 0.1574 0.1622 0.1769 0.1974 0.0415
 
LAYER 7 0.0049 0.0105 0.0068 0.0012 0.0936 0.1381
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.093 0.115 0.100 0.138 0.179 0.030
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.032 0.074
 

STD. DEVIATION OF DAILY 0.082 0.060 0.051 0.029 0.009 0.076
 
HEAD ON TOP OF LAYER 5 0.001 0.001 0.001 0.000 0.031 0.054
 

AVERAGE DAILY HEAD ON 0.006 0.007 0.006 0.008 0.009 0.002
 
TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.003 0.005
 

STD. DEVIATION OF DAILY 0.003 0.002 0.002 0.001 0.000 0.003
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.002 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 31.94 115942.289 100.00
 

RUNOFF 6.150 22324.309 19.25
 

EVAPOTRANSPIRATION 16.006 58102.777 50.11
 

DRAINAGE COLLECTED FROM LAYER 4 4.2030 15256.960 13.16
 

PERC./LEAKAGE THROUGH LAYER 5 9.427004 34220.023 29.51
 

AVG. HEAD ON TOP OF LAYER 5 0.0635
 

DRAINAGE COLLECTED FROM LAYER 6 8.2984 30123.227 25.98
 



                               

                       

                                   

                            

                              

                                         

                                           

                                      

 

 

                         
 -------------------------------------------------------------------------------

                                      
                                      

                                         
                                                     

                                           
                                                 

                               
                                                 

                    
                                  

                  
                                      

                    
                                  

                  
                                      

 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

PERC./LEAKAGE THROUGH LAYER 7 1.128597 4096.808 3.53
 

AVG. HEAD ON TOP OF LAYER 7 0.0038
 

CHANGE IN WATER STORAGE -3.846 -13961.896 -12.04
 

SOIL WATER AT START OF YEAR 212.533 771496.250
 

SOIL WATER AT END OF YEAR 208.687 757534.375
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.107 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 2.77 2.36 3.24 3.70 1.93 3.53 
0.20 2.25 0.46 3.32 10.13 6.82 

RUNOFF 0.645 0.582 0.363 0.963 0.445 1.274 
0.003 0.829 0.077 0.791 5.965 2.583 

EVAPOTRANSPIRATION 1.209 1.360 2.522 2.979 2.161 2.037 
0.632 1.078 0.504 0.672 1.116 1.006 

LATERAL DRAINAGE COLLECTED 0.2944 0.4566 0.0453 0.0131 0.0074 0.0029 
FROM LAYER 4 0.0001 0.0005 0.0001 0.0000 0.0542 0.1316 

PERCOLATION/LEAKAGE THROUGH 0.8659 1.1697 0.3445 0.1509 0.1154 0.0399 
LAYER 5 0.0016 0.0070 0.0008 0.0000 0.1990 0.3965 

LATERAL DRAINAGE COLLECTED 0.7446 1.0261 0.2731 0.1110 0.0823 0.0263 
FROM LAYER 6 0.0009 0.0044 0.0004 0.0000 0.1639 0.3374 

PERCOLATION/LEAKAGE THROUGH 0.1213 0.1437 0.0715 0.0399 0.0332 0.0135 
LAYER 7 0.0007 0.0026 0.0004 0.0000 0.0350 0.0591 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
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AVERAGE DAILY HEAD ON 0.052 0.090 0.008 0.003 0.001 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.010 0.024
 

STD. DEVIATION OF DAILY 0.049 0.042 0.005 0.002 0.001 0.001
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.024 0.037
 

AVERAGE DAILY HEAD ON 0.004 0.006 0.002 0.001 0.001 0.000
 
TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.001 0.002
 

STD. DEVIATION OF DAILY 0.002 0.001 0.001 0.000 0.000 0.000
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.002 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 14.519 52702.937 35.66
 

EVAPOTRANSPIRATION 17.276 62713.398 42.44
 

DRAINAGE COLLECTED FROM LAYER 4 1.0062 3652.539 2.47
 

PERC./LEAKAGE THROUGH LAYER 5 3.291252 11947.244 8.08
 

AVG. HEAD ON TOP OF LAYER 5 0.0158
 

DRAINAGE COLLECTED FROM LAYER 6 2.7704 10056.590 6.81
 

PERC./LEAKAGE THROUGH LAYER 7 0.520840 1890.650 1.28
 

AVG. HEAD ON TOP OF LAYER 7 0.0014
 

CHANGE IN WATER STORAGE 4.617 16761.221 11.34
 

SOIL WATER AT START OF YEAR 208.687 757534.375
 

SOIL WATER AT END OF YEAR 213.305 774295.562
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.015 0.00
 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
 

RUNOFF 0.438 1.035 1.384 1.159 0.025 0.252
 
0.018 0.000 0.000 0.045 0.580 2.178
 

EVAPOTRANSPIRATION 1.198 1.391 2.327 2.283 1.008 0.862
 
0.992 0.324 0.250 0.220 0.897 1.049
 

LATERAL DRAINAGE COLLECTED 0.4791 0.2963 0.9414 0.8716 1.1233 0.4993
 
FROM LAYER 4 0.0078 0.0046 0.0024 0.0017 0.0003 0.0354
 

PERCOLATION/LEAKAGE THROUGH 1.2011 0.8288 1.7569 1.6708 1.9912 0.9245
 
LAYER 5 0.1020 0.0738 0.0474 0.0374 0.0077 0.2175
 

LATERAL DRAINAGE COLLECTED 1.0504 0.7172 1.5691 1.4907 1.7875 0.8188
 
FROM LAYER 6 0.0686 0.0465 0.0276 0.0205 0.0040 0.1753
 

PERCOLATION/LEAKAGE THROUGH 0.1507 0.1116 0.1878 0.1802 0.2036 0.1056
 
LAYER 7 0.0334 0.0273 0.0198 0.0169 0.0037 0.0422
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.085 0.059 0.167 0.160 0.200 0.092
 
TOP OF LAYER 5 0.002 0.001 0.001 0.001 0.000 0.006
 

STD. DEVIATION OF DAILY 0.060 0.052 0.080 0.069 0.007 0.103
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.000 0.008
 

AVERAGE DAILY HEAD ON 0.006 0.004 0.008 0.008 0.010 0.005
 
TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.000 0.001
 

STD. DEVIATION OF DAILY 0.002 0.003 0.002 0.002 0.000 0.005
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.000 0.000 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
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INCHES CU. FEET PERCENT
 

PRECIPITATION 30.18 109553.453 100.00
 

RUNOFF 7.114 25823.430 23.57
 

EVAPOTRANSPIRATION 12.800 46464.102 42.41
 

DRAINAGE COLLECTED FROM LAYER 4 4.2632 15475.322 14.13
 

PERC./LEAKAGE THROUGH LAYER 5 8.858938 32157.945 29.35
 

AVG. HEAD ON TOP OF LAYER 5 0.0645
 

DRAINAGE COLLECTED FROM LAYER 6 7.7761 28227.217 25.77
 

PERC./LEAKAGE THROUGH LAYER 7 1.082847 3930.735 3.59
 

AVG. HEAD ON TOP OF LAYER 7 0.0036
 

CHANGE IN WATER STORAGE -2.856 -10367.401 -9.46
 

SOIL WATER AT START OF YEAR 213.305 774295.562
 

SOIL WATER AT END OF YEAR 210.449 763928.187
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.051 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 3.583 0.258 1.449 0.530 0.000 0.009
 
0.000 0.001 0.005 5.450 2.546 1.104
 

EVAPOTRANSPIRATION 1.288 1.402 2.444 3.149 0.562 0.299
 
0.238 0.212 0.503 1.399 1.011 1.010
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LATERAL DRAINAGE COLLECTED 0.3511 0.3178 0.9413 0.6373 0.4856 0.0069
 
FROM LAYER 4 0.0035 0.0023 0.0016 0.0393 0.2921 0.1484
 

PERCOLATION/LEAKAGE THROUGH 0.8758 0.8144 1.7769 1.4054 0.9768 0.0955
 
LAYER 5 0.0620 0.0465 0.0356 0.1674 0.8207 0.5016
 

LATERAL DRAINAGE COLLECTED 0.7632 0.7109 1.5873 1.2427 0.8586 0.0634
 
FROM LAYER 6 0.0378 0.0267 0.0199 0.1387 0.7098 0.4248
 

PERCOLATION/LEAKAGE THROUGH 0.1127 0.1036 0.1895 0.1627 0.1182 0.0321
 
LAYER 7 0.0243 0.0198 0.0157 0.0287 0.1109 0.0768
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.063 0.063 0.167 0.117 0.086 0.002
 
TOP OF LAYER 5 0.001 0.001 0.001 0.007 0.054 0.027
 

STD. DEVIATION OF DAILY 0.066 0.059 0.058 0.059 0.095 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.016 0.053 0.029
 

AVERAGE DAILY HEAD ON 0.004 0.004 0.009 0.007 0.005 0.000
 
TOP OF LAYER 7 0.000 0.000 0.000 0.001 0.004 0.002
 

STD. DEVIATION OF DAILY 0.003 0.003 0.002 0.002 0.004 0.000
 
HEAD ON TOP OF LAYER 7 0.000 0.000 0.000 0.002 0.003 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.29 146252.687 100.00
 

RUNOFF 14.933 54207.895 37.06
 

EVAPOTRANSPIRATION 13.517 49067.785 33.55
 

DRAINAGE COLLECTED FROM LAYER 4 3.2275 11715.829 8.01
 

PERC./LEAKAGE THROUGH LAYER 5 7.578812 27511.086 18.81
 

AVG. HEAD ON TOP OF LAYER 5 0.0489
 

DRAINAGE COLLECTED FROM LAYER 6 6.5839 23899.588 16.34
 

PERC./LEAKAGE THROUGH LAYER 7 0.994903 3611.499 2.47
 

AVG. HEAD ON TOP OF LAYER 7 0.0031
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CHANGE IN WATER STORAGE 1.033 3750.140 2.56 

SOIL WATER AT START OF YEAR 210.449 763928.187 

SOIL WATER AT END OF YEAR 211.482 767678.312 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.047 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 2.191 1.797 1.150 0.700 0.261 0.325
 
0.127 0.123 0.153 1.470 3.240 2.612
 

STD. DEVIATIONS 1.514 1.547 0.862 1.033 0.231 0.395
 
0.170 0.263 0.192 1.630 2.280 1.543
 

EVAPOTRANSPIRATION
 

TOTALS 1.214 1.372 2.338 2.489 1.603 1.225
 
0.837 0.438 0.839 1.125 1.067 0.995
 

STD. DEVIATIONS 0.039 0.060 0.154 0.642 0.593 0.658
 
0.464 0.248 0.621 0.523 0.081 0.030
 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 
---------------------------------------­

TOTALS 0.3919 0.4551 
0.0381 0.0018 

0.6045 
0.0009 

0.8416 
0.0195 

0.7918 
0.1507 

0.3046 
0.1814 

STD. DEVIATIONS 0.0965 0.1830 0.2892 0.3716 0.4432 0.4251 
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0.1082 0.0019 0.0008 0.0476 0.0994 0.1106
 

PERCOLATION/LEAKAGE THROUGH LAYER 5
 

TOTALS 0.9519 1.0505 1.2859 1.5878 1.4367 0.5977
 
0.1159 0.0297 0.0153 0.0774 0.4953 0.5315
 

STD. DEVIATIONS 0.1688 0.3054 0.4412 0.5539 0.7118 0.7152
 
0.1864 0.0318 0.0151 0.1683 0.2906 0.2621
 

LATERAL DRAINAGE COLLECTED FROM LAYER 6
 

TOTALS 0.8307 0.9233 1.1356 1.4170 1.2824 0.5221
 
0.0915 0.0185 0.0090 0.0639 0.4215 0.4548
 

STD. DEVIATIONS 0.1523 0.2780 0.4048 0.5063 0.6487 0.6496
 
0.1673 0.0199 0.0087 0.1443 0.2522 0.2317
 

PERCOLATION/LEAKAGE THROUGH LAYER 7
 

TOTALS 0.1212 0.1272 0.1503 0.1708 0.1543 0.0756
 
0.0244 0.0111 0.0062 0.0135 0.0738 0.0767
 

STD. DEVIATIONS 0.0172 0.0276 0.0367 0.0480 0.0632 0.0658
 
0.0215 0.0120 0.0065 0.0243 0.0387 0.0306
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 5
 

AVERAGES 0.0698 0.0891 0.1076 0.1547 0.1409 0.0561
 
0.0069 0.0005 0.0003 0.0035 0.0278 0.0324
 

STD. DEVIATIONS 0.0171 0.0359 0.0514 0.0683 0.0788 0.0781
 
0.0192 0.0005 0.0002 0.0085 0.0182 0.0197
 

DAILY AVERAGE HEAD ON TOP OF LAYER 7
 

AVERAGES 0.0046 0.0055 0.0062 0.0079 0.0069 0.0030
 
0.0006 0.0001 0.0001 0.0004 0.0025 0.0026
 

STD. DEVIATIONS 0.0008 0.0016 0.0021 0.0027 0.0034 0.0035
 
0.0009 0.0002 0.0001 0.0008 0.0014 0.0013
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 



                                      
                                     

                                           

                               

                      
       

                    
      

                       
       

                     
       

                      
      

                       
       

                                

 

PRECIPITATION 
------------------­ ------------­
41.65 ( 7.244) 151182.3 

--------­
100.00 

RUNOFF 14.147 ( 4.8354) 51354.77 33.969 

EVAPOTRANSPIRATION 15.544 ( 2.2453) 56424.10 37.322 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

3.78203 ( 1.39291) 13728.761 9.08093 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

8.17537 ( 2.27331) 29676.611 19.62969 

AVERAGE HEAD ON TOP 
OF LAYER 5 

0.057 ( 0.021) 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 6 

7.17019 ( 2.06036) 26027.781 17.21616 

PERCOLATION/LEAKAGE THROUGH 
LAYER 7 

1.00519 ( 0.21522) 3648.830 2.41353 

AVERAGE HEAD ON TOP 
OF LAYER 7 

0.003 ( 0.001) 

CHANGE IN WATER STORAGE -0.001 ( 3.6179) -1.98 -0.001 

*******************************************************************************
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 3.674 13337.0156 

DRAINAGE COLLECTED FROM LAYER 4 0.06204 225.20006 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.084144 305.44318 

AVERAGE HEAD ON TOP OF LAYER 5 0.342 

MAXIMUM HEAD ON TOP OF LAYER 5 0.639 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

4 
8.2 FEET 

DRAINAGE COLLECTED FROM LAYER 6 0.07652 277.78464 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.007619 27.65855 

AVERAGE HEAD ON TOP OF LAYER 7 0.013 

MAXIMUM HEAD ON TOP OF LAYER 7 0.017 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

6 
1.6 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.2979
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.1302
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 0.0019 0.2356 

2 4.3275 0.2404 

3 205.9208 0.2963 

4 0.6132 0.0511 

5 0.0000 0.0000 

6 0.0025 0.0100 

7 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\EVAPTRAN.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\ESS1R2.D10
 
OUTPUT DATA FILE: C:\tLF\ess1r2.OUT
 

TIME: 15:30 DATE: 5/ 3/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - Eastern SS
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2376 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4


                                      
                                    --------

                           
                              
                                      
                                       
                                  
                                   
                        
                     

                                      
                                    --------

                             
                              
                                        
                                       
                                  
                                   
                        
                          
                                           
                                  

                                      
                                    --------

                             
                              
                                        
                                       
                                  
                                   
                        
                     
                                
                           
                         

                         
                    ----------------------------------------

LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 348.00 INCHES 
POROSITY = 0.6710 VOL/VOL 
FIELD CAPACITY = 0.2920 VOL/VOL 
WILTING POINT = 0.0770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3161 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES 
POROSITY = 0.8500 VOL/VOL 
FIELD CAPACITY = 0.0100 VOL/VOL 
WILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0235 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC 
SLOPE = 20.60 PERCENT 
DRAINAGE LENGTH = 300.0 FEET 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS
 
POROSITY
 
FIELD CAPACITY
 
WILTING POINT
 
INITIAL SOIL WATER CONTENT
 
EFFECTIVE SAT. HYD. COND.
 
FML PINHOLE DENSITY
 
FML INSTALLATION DEFECTS
 
FML PLACEMENT QUALITY
 

=
 
=
 
=
 
=
 
=
 
=
 
=
 
=
 
=
 

0.06 INCHES
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 
0.0000 VOL/VOL
 

0.199999996000E-12 CM/SEC
 
1.00 HOLES/ACRE 
4.00 HOLES/ACRE 

3 - GOOD 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
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NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE # 5 WITH A
 
POOR STAND OF GRASS, A SURFACE SLOPE OF 2.%
 
AND A SLOPE LENGTH OF 300. FEET.
 

SCS RUNOFF CURVE NUMBER = 77.00
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 6.173 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.252 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.506 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 114.285 INCHES
 
TOTAL INITIAL WATER = 114.285 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 1.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 3.54 4.72 4.02 2.44 1.63 2.04
 
0.27 0.36 1.82 4.52 5.24 7.52
 

RUNOFF 0.000 0.000 0.004 0.000 0.000 0.000
 
0.000 0.000 0.000 0.003 0.092 0.146
 

EVAPOTRANSPIRATION 1.272 1.225 2.492 2.107 1.634 1.385
 
0.351 0.458 0.918 0.508 1.008 0.997
 

LATERAL DRAINAGE COLLECTED 2.6319 3.4640 2.3451 3.1993 3.3423 2.3711
 
FROM LAYER 3 1.7656 0.0017 0.5506 0.4620 0.9639 0.7650
 

PERCOLATION/LEAKAGE THROUGH	 0.1885 0.2249 0.1633 0.2257 0.2310 0.1820
 
LAYER 4 0.1302 0.0004 0.0557 0.0507 0.1037 0.0665
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.003 0.002 0.003 0.003 0.002
 
TOP OF LAYER 4 0.002 0.000 0.000 0.000 0.001 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.002 0.001 0.001 0.001
 
HEAD ON TOP OF LAYER 4 0.001 0.000 0.001 0.000 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 38.12 138375.609 100.00
 

RUNOFF 0.246 891.345 0.64
 

EVAPOTRANSPIRATION 14.355 52108.641 37.66
 

DRAINAGE COLLECTED FROM LAYER 3 21.8625 79360.820 57.35
 

PERC./LEAKAGE THROUGH LAYER 4 1.622463 5889.540 4.26
 

AVG. HEAD ON TOP OF LAYER 4 0.0016
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CHANGE IN WATER STORAGE 0.035 125.291 0.09
 

SOIL WATER AT START OF YEAR 114.291 414877.344
 

SOIL WATER AT END OF YEAR 114.326 415002.625
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.025 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 0.000 0.221 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.327 0.002
 

EVAPOTRANSPIRATION 1.231 1.443 2.388 2.223 1.291 1.039
 
1.984 1.147 0.576 1.663 1.104 0.972
 

LATERAL DRAINAGE COLLECTED 2.6597 2.0632 3.3479 4.1203 3.2984 2.7915
 
FROM LAYER 3 0.9596 0.0110 0.0018 0.2507 0.8137 0.8399
 

PERCOLATION/LEAKAGE THROUGH	 0.1956 0.1550 0.2243 0.2581 0.2352 0.2114
 
LAYER 4 0.0760 0.0026 0.0006 0.0390 0.0806 0.0757
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.002 0.003 0.004 0.003 0.002
 
TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.001 0.001
 

STD. DEVIATION OF DAILY 0.001 0.002 0.002 0.001 0.000 0.001
 
HEAD ON TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.001 0.001
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 43.86 159211.797 100.00 

RUNOFF 0.550 1997.882 1.25 

EVAPOTRANSPIRATION 17.061 61932.984 38.90 

DRAINAGE COLLECTED FROM LAYER 3 21.1577 76802.602 48.24 

PERC./LEAKAGE THROUGH LAYER 4 1.553954 5640.854 3.54 

AVG. HEAD ON TOP OF LAYER 4 0.0016 

CHANGE IN WATER STORAGE 3.536 12837.491 8.06 

SOIL WATER AT START OF YEAR 114.326 415002.625 

SOIL WATER AT END OF YEAR 117.862 427840.125 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.011 0.00 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 7.55 
0.59 

8.56 
0.43 

1.61 
1.32 

7.69 
5.09 

2.55 
6.61 

1.66 
11.27 

RUNOFF 0.036 
0.000 

0.929 
0.000 

0.000 
0.000 

0.245 
0.000 

0.000 
0.000 

0.000 
0.201 

EVAPOTRANSPIRATION 1.163 
1.390 

1.376 
0.798 

2.018 
0.983 

4.012 
1.319 

2.800 
1.003 

1.458 
0.936 

LATERAL DRAINAGE COLLECTED 2.8595 5.3090 6.7221 4.7790 2.6823 3.2378 
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FROM LAYER 3 2.9662 0.5507 0.0071 0.1564 1.3228 1.2221
 

PERCOLATION/LEAKAGE THROUGH 0.1868 0.2719 0.3363 0.2714 0.1997 0.2288
 
LAYER 4 0.2230 0.0390 0.0024 0.0187 0.1151 0.0988
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.005 0.006 0.004 0.002 0.003
 
TOP OF LAYER 4 0.003 0.000 0.000 0.000 0.001 0.001
 

STD. DEVIATION OF DAILY 0.002 0.003 0.001 0.001 0.001 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.001 0.000 0.000 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 54.93 199395.891 100.00
 

RUNOFF 1.411 5120.649 2.57
 

EVAPOTRANSPIRATION 19.256 69899.844 35.06
 

DRAINAGE COLLECTED FROM LAYER 3 31.8150 115488.367 57.92
 

PERC./LEAKAGE THROUGH LAYER 4 1.991874 7230.504 3.63
 

AVG. HEAD ON TOP OF LAYER 4 0.0023
 

CHANGE IN WATER STORAGE 0.456 1656.476 0.83
 

SOIL WATER AT START OF YEAR 117.862 427840.125
 

SOIL WATER AT END OF YEAR 118.319 429496.594
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.047 0.00
 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.81 2.84 7.84 2.86 2.06 2.62
 
1.43 1.22 2.78 6.20 3.52 3.33
 

RUNOFF 0.086 0.000 0.017 0.000 0.000 0.000
 
0.000 0.000 0.000 0.004 0.000 0.064
 

EVAPOTRANSPIRATION 1.175 1.300 2.270 3.038 2.141 2.859
 
2.158 1.252 1.784 1.544 1.083 0.936
 

LATERAL DRAINAGE COLLECTED 2.7516 5.1323 3.4539 6.3265 4.6466 3.1178
 
FROM LAYER 3 1.9347 0.0001 0.1321 0.9918 1.7515 0.9879
 

PERCOLATION/LEAKAGE THROUGH	 0.1699 0.2751 0.2147 0.3211 0.2796 0.2234
 
LAYER 4 0.1571 0.0001 0.0161 0.0914 0.1538 0.1054
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.005 0.003 0.006 0.004 0.003
 
TOP OF LAYER 4 0.002 0.000 0.000 0.001 0.002 0.001
 

STD. DEVIATION OF DAILY 0.002 0.002 0.002 0.001 0.000 0.001
 
HEAD ON TOP OF LAYER 4 0.001 0.000 0.000 0.001 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.51 161571.266 100.00
 

RUNOFF 0.171 621.095 0.38
 

EVAPOTRANSPIRATION 21.541 78195.305 48.40
 

DRAINAGE COLLECTED FROM LAYER 3 31.2269 113353.570 70.16
 

PERC./LEAKAGE THROUGH LAYER 4 2.007699 7287.948 4.51
 

AVG. HEAD ON TOP OF LAYER 4 0.0023
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CHANGE IN WATER STORAGE -10.437 -37886.574 -23.45
 

SOIL WATER AT START OF YEAR 118.319 429496.594
 

SOIL WATER AT END OF YEAR 107.882 391610.000
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.080 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.611 0.094
 

EVAPOTRANSPIRATION 1.170 1.391 2.177 1.577 1.408 0.631
 
0.865 0.154 0.070 0.662 1.112 0.959
 

LATERAL DRAINAGE COLLECTED 0.8137 2.6277 2.3612 3.2179 3.5235 2.3010
 
FROM LAYER 3 1.0609 0.0000 0.0000 0.9727 1.0520 1.3279
 

PERCOLATION/LEAKAGE THROUGH	 0.0713 0.1891 0.1778 0.2267 0.2425 0.1802
 
LAYER 4 0.0972 0.0000 0.0000 0.0926 0.0976 0.1043
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.001 0.003 0.002 0.003 0.003 0.002
 
TOP OF LAYER 4 0.001 0.000 0.000 0.001 0.001 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.001 0.000 0.001
 
HEAD ON TOP OF LAYER 4 0.001 0.000 0.000 0.001 0.001 0.001
 

*******************************************************************************
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*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 44.48 161462.453 100.00 

RUNOFF 0.704 2557.180 1.58 

EVAPOTRANSPIRATION 12.174 44193.152 27.37 

DRAINAGE COLLECTED FROM LAYER 3 19.2585 69908.422 43.30 

PERC./LEAKAGE THROUGH LAYER 4 1.479268 5369.741 3.33 

AVG. HEAD ON TOP OF LAYER 4 0.0014 

CHANGE IN WATER STORAGE 10.863 39433.879 24.42 

SOIL WATER AT START OF YEAR 107.882 391610.000 

SOIL WATER AT END OF YEAR 118.745 431043.875 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.081 0.00 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 8.62 
1.01 

8.31 
0.44 

5.03 
0.20 

1.53 
2.93 

1.84 
10.67 

1.78 
5.10 

RUNOFF 0.094 
0.000 

0.008 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.360 

0.000 
0.111 

EVAPOTRANSPIRATION 1.226 
2.429 

1.351 
0.902 

2.384 
0.133 

2.128 
1.201 

2.330 
1.104 

1.655 
0.965 

LATERAL DRAINAGE COLLECTED 3.1075 4.2343 6.1176 7.1185 4.6904 3.3092 
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FROM LAYER 3 1.0863 0.0946 0.0000 0.0000 0.3247 0.9149
 

PERCOLATION/LEAKAGE THROUGH 0.1982 0.2113 0.3071 0.3401 0.2809 0.2323
 
LAYER 4 0.0788 0.0135 0.0000 0.0000 0.0298 0.0893
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.003 0.004 0.005 0.006 0.004 0.003
 
TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.000 0.001
 

STD. DEVIATION OF DAILY 0.002 0.003 0.002 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 47.46 172279.812 100.00
 

RUNOFF 0.573 2078.505 1.21
 

EVAPOTRANSPIRATION 17.807 64639.254 37.52
 

DRAINAGE COLLECTED FROM LAYER 3 30.9980 112522.641 65.31
 

PERC./LEAKAGE THROUGH LAYER 4 1.781291 6466.085 3.75
 

AVG. HEAD ON TOP OF LAYER 4 0.0023
 

CHANGE IN WATER STORAGE -3.699 -13426.724 -7.79
 

SOIL WATER AT START OF YEAR 118.745 431043.875
 

SOIL WATER AT END OF YEAR 115.046 417617.156
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.049 0.00
 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.04 5.93 4.18 1.56 2.56 1.33
 
0.72 0.77 0.87 3.53 3.65 2.80
 

RUNOFF 0.000 0.014 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.000 0.000
 

EVAPOTRANSPIRATION 1.116 1.340 2.286 2.296 2.533 2.291
 
1.768 0.939 0.610 0.696 0.946 0.928
 

LATERAL DRAINAGE COLLECTED 3.1960 2.7324 3.1664 4.0423 3.5563 1.9693
 
FROM LAYER 3 0.0258 0.1613 0.0226 0.4394 1.6315 1.2237
 

PERCOLATION/LEAKAGE THROUGH	 0.2191 0.1911 0.2255 0.2567 0.2447 0.1468
 
LAYER 4 0.0090 0.0207 0.0054 0.0432 0.1528 0.1208
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.003 0.003 0.003 0.004 0.003 0.002
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.000 0.000 0.001
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 31.94 115942.289 100.00
 

RUNOFF 0.014 51.675 0.04
 

EVAPOTRANSPIRATION 17.750 64434.016 55.57
 

DRAINAGE COLLECTED FROM LAYER 3 22.1669 80465.844 69.40
 

PERC./LEAKAGE THROUGH LAYER 4 1.635872 5938.215 5.12
 

AVG. HEAD ON TOP OF LAYER 4 0.0016
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CHANGE IN WATER STORAGE -9.627 -34947.500 -30.14
 

SOIL WATER AT START OF YEAR 115.046 417617.156
 

SOIL WATER AT END OF YEAR 105.419 382669.656
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.045 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.000 0.761 0.060
 

EVAPOTRANSPIRATION 1.137 1.289 2.431 3.020 2.751 2.600
 
1.793 1.732 0.686 1.027 1.050 0.963
 

LATERAL DRAINAGE COLLECTED 1.2430 1.3281 2.0621 0.6395 0.5520 0.1722
 
FROM LAYER 3 0.0948 0.0013 0.0000 0.0354 0.7345 0.5986
 

PERCOLATION/LEAKAGE THROUGH	 0.1183 0.1320 0.1748 0.0856 0.0558 0.0252
 
LAYER 4 0.0110 0.0004 0.0000 0.0050 0.0703 0.0609
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.001 0.001 0.002 0.001 0.000 0.000
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.000 0.001 0.000
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

*******************************************************************************
 



 

                               
 -------------------------------------------------------------------------------
                                                          
                                                     
                                           

                                                      

                                       

                              

                               

                       

                                     

                            

                              

                                         

                                           

                                      

 

 

                         
 -------------------------------------------------------------------------------

                                      
                                      

                                         
                                                      

                                           
                                                 

                               
                                                 

                    

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 40.71 147777.328 100.00 

RUNOFF 0.821 2981.855 2.02 

EVAPOTRANSPIRATION 20.480 74342.578 50.31 

DRAINAGE COLLECTED FROM LAYER 3 7.4615 27085.275 18.33 

PERC./LEAKAGE THROUGH LAYER 4 0.739489 2684.345 1.82 

AVG. HEAD ON TOP OF LAYER 4 0.0006 

CHANGE IN WATER STORAGE 11.207 40683.211 27.53 

SOIL WATER AT START OF YEAR 105.419 382669.656 

SOIL WATER AT END OF YEAR 116.626 423352.875 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.058 0.00 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- ------­

PRECIPITATION 5.53 
0.42 

3.56 
0.06 

4.16 
0.36 

3.64 
0.41 

1.14 
2.96 

1.36 
6.58 

RUNOFF 0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.002 
0.000 

0.000 
0.000 

0.000 
0.000 

EVAPOTRANSPIRATION 1.193 
2.411 

1.329 
0.590 

2.246 
0.204 

2.252 
0.313 

1.312 
0.842 

1.104 
1.010 

LATERAL DRAINAGE COLLECTED 3.4787 3.1417 3.1935 3.7712 3.9630 3.0499 
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FROM LAYER 3 0.6175 0.0218 0.0106 0.0000 0.2822 1.3435
 

PERCOLATION/LEAKAGE THROUGH 0.2359 0.2129 0.2181 0.2432 0.2585 0.2230
 
LAYER 4 0.0471 0.0028 0.0031 0.0000 0.0349 0.1159
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.003 0.003 0.003 0.003 0.003 0.003
 
TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.000 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.002 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 4 0.001 0.000 0.000 0.000 0.000 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 30.18 109553.453 100.00
 

RUNOFF 0.002 6.322 0.01
 

EVAPOTRANSPIRATION 14.806 53746.039 49.06
 

DRAINAGE COLLECTED FROM LAYER 3 22.8737 83031.430 75.79
 

PERC./LEAKAGE THROUGH LAYER 4 1.595294 5790.916 5.29
 

AVG. HEAD ON TOP OF LAYER 4 0.0017
 

CHANGE IN WATER STORAGE -9.097 -33021.309 -30.14
 

SOIL WATER AT START OF YEAR 116.626 423352.875
 

SOIL WATER AT END OF YEAR 107.529 390331.562
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.057 0.00
 

*******************************************************************************
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*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 0.017 0.000 0.000 0.000 0.000 0.000
 
0.000 0.000 0.000 0.940 0.002 0.000
 

EVAPOTRANSPIRATION 1.225 1.336 2.387 3.614 0.615 0.671
 
1.747 0.508 0.293 1.251 0.929 0.967
 

LATERAL DRAINAGE COLLECTED 1.8017 1.8598 2.5094 2.8764 3.1717 0.6729
 
FROM LAYER 3 0.0311 0.0298 0.0013 0.1465 1.5421 1.1231
 

PERCOLATION/LEAKAGE THROUGH	 0.1425 0.1437 0.1795 0.2112 0.2312 0.0717
 
LAYER 4 0.0145 0.0044 0.0006 0.0146 0.1332 0.0989
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.002 0.002 0.002 0.003 0.003 0.001
 
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

STD. DEVIATION OF DAILY 0.001 0.001 0.001 0.001 0.000 0.001
 
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.001 0.001
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.29 146252.687 100.00
 

RUNOFF 0.959 3480.276 2.38
 

EVAPOTRANSPIRATION 15.543 56420.941 38.58
 

DRAINAGE COLLECTED FROM LAYER 3 15.7659 57230.094 39.13
 

PERC./LEAKAGE THROUGH LAYER 4 1.245809 4522.285 3.09
 

AVG. HEAD ON TOP OF LAYER 4 0.0012
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CHANGE IN WATER STORAGE 6.777 24599.100 16.82 

SOIL WATER AT START OF YEAR 107.529 390331.562 

SOIL WATER AT END OF YEAR 114.306 414930.656 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.007 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 0.023 0.117 0.002 0.025 0.000 0.000
 
0.000 0.000 0.000 0.095 0.215 0.068
 

STD. DEVIATIONS 0.037 0.293 0.005 0.077 0.000 0.000
 
0.000 0.000 0.000 0.297 0.286 0.070
 

EVAPOTRANSPIRATION
 

TOTALS 1.191 1.338 2.308 2.627 1.881 1.569
 
1.690 0.848 0.626 1.018 1.018 0.963
 

STD. DEVIATIONS 0.048 0.060 0.139 0.764 0.734 0.781
 
0.663 0.455 0.517 0.455 0.090 0.026
 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 
---------------------------------------­

TOTALS 2.4543 3.1893 
1.0542 0.0872 

3.5279 
0.0726 

4.0091 
0.3455 

3.3426 
1.0419 

2.2993 
1.0347 

STD. DEVIATIONS 0.8779 1.3524 1.6033 1.8141 1.1660 1.0883 
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0.9523 0.1712 0.1727 0.3731 0.5190 0.2533
 

PERCOLATION/LEAKAGE THROUGH LAYER 4
 

TOTALS 0.1726 0.2007 0.2221 0.2440 0.2259 0.1725
 
0.0844 0.0084 0.0084 0.0355 0.0972 0.0937
 

STD. DEVIATIONS 0.0494 0.0491 0.0576 0.0692 0.0644 0.0715
 
0.0701 0.0128 0.0173 0.0347 0.0439 0.0202
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 4
 

AVERAGES 0.0021 0.0030 0.0030 0.0036 0.0029 0.0021
 
0.0009 0.0001 0.0001 0.0003 0.0009 0.0009
 

STD. DEVIATIONS 0.0008 0.0013 0.0014 0.0016 0.0010 0.0010
 
0.0008 0.0001 0.0002 0.0003 0.0005 0.0002
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF 0.545 ( 0.4509) 1978.68 1.309
 

EVAPOTRANSPIRATION 17.077 ( 2.9098) 61991.28 41.004
 

LATERAL DRAINAGE COLLECTED 22.45865 ( 7.59822) 81524.906 53.92491
 
FROM LAYER 3
 

PERCOLATION/LEAKAGE THROUGH 1.56530 ( 0.36894) 5682.043 3.75841
 
LAYER 4
 

AVERAGE HEAD ON TOP 0.002 ( 0.001)
 
OF LAYER 4
 

CHANGE IN WATER STORAGE 0.001 ( 8.1671) 5.33 0.004
 

*******************************************************************************
 

http:61991.28
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 0.908 3297.0195 

DRAINAGE COLLECTED FROM LAYER 3 0.37367 1356.42151 

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.014220 51.61866 

AVERAGE HEAD ON TOP OF LAYER 4 0.010 

MAXIMUM HEAD ON TOP OF LAYER 4 0.092 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

3 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.3592
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.0627
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 4.2779 0.2377 

2 110.0163 0.3161 

3 0.0059 0.0235 

4 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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******************************************************************************
 
******************************************************************************
 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
******************************************************************************
 
******************************************************************************
 

PRECIPITATION DATA FILE: C:\tlf\PRECIP.D4
 
TEMPERATURE DATA FILE: C:\tLF\TEMP.D7
 
SOLAR RADIATION DATA FILE: C:\tLF\SOLARRAD.D13
 
EVAPOTRANSPIRATION DATA: C:\tLF\ET_CVR.D11
 
SOIL AND DESIGN DATA FILE: C:\tLF\ESS2R1.D10
 
OUTPUT DATA FILE: C:\tLF\ESS2R1.OUT
 

TIME: 11:24 DATE: 4/27/2005
 

******************************************************************************
 

TITLE: Tacoma Landfill Central Area HELP Evaluation - Eastern SS
 

******************************************************************************
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
 
WERE SPECIFIED BY THE USER.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 45
 

THICKNESS = 0.01 INCHES
 
POROSITY = 0.0030 VOL/VOL
 
FIELD CAPACITY = 0.0020 VOL/VOL
 
WILTING POINT = 0.0010 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0030 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 

http:C:\tLF\TEMP.D7
http:C:\tlf\PRECIP.D4
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LAYER 2
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 5
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4570 VOL/VOL
 
FIELD CAPACITY = 0.1310 VOL/VOL
 
WILTING POINT = 0.0580 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2407 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 3
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 348.00 INCHES
 
POROSITY = 0.6710 VOL/VOL
 
FIELD CAPACITY = 0.2920 VOL/VOL
 
WILTING POINT = 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.3006 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
 

LAYER 4
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 20
 

THICKNESS = 0.25 INCHES
 
POROSITY = 0.8500 VOL/VOL
 
FIELD CAPACITY = 0.0100 VOL/VOL
 
WILTING POINT = 0.0050 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0500 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
 
SLOPE = 20.60 PERCENT
 
DRAINAGE LENGTH = 300.0 FEET
 

LAYER 5
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.06 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
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INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
 
SOIL DATA BASE USING SOIL TEXTURE #17 WITH BARE
 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
 
A SLOPE LENGTH OF 300. FEET.
 

SCS RUNOFF CURVE NUMBER = 96.80
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 6.134 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.247 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.505 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS = 108.954 INCHES
 
TOTAL INITIAL WATER = 108.954 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
Tacoma WASHINGTON
 

STATION LATITUDE = 47.25 DEGREES
 
MAXIMUM LEAF AREA INDEX = 0.00
 
START OF GROWING SEASON (JULIAN DATE) = 126
 
END OF GROWING SEASON (JULIAN DATE) = 287
 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
 

NOTE: PRECIPITATION DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
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NOTE: TEMPERATURE DATA FOR TACOMA WA
 
WAS ENTERED FROM AN ASCII DATA FILE.
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR SEATTLE WASHINGTON
 

AND STATION LATITUDE = 47.25 DEGREES
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1994
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 3.54 4.72 4.02 2.44 1.63 2.04
 
0.27 0.36 1.82 4.52 5.24 7.52
 

RUNOFF 0.852 1.351 1.195 0.462 0.235 0.239
 
0.000 0.002 0.327 2.107 1.627 3.451
 

EVAPOTRANSPIRATION 1.273 1.225 2.493 1.902 1.424 2.025
 
0.405 0.278 1.494 0.570 1.005 0.992
 

LATERAL DRAINAGE COLLECTED 1.5305 2.7019 1.5349 2.5548 0.5372 0.0782
 
FROM LAYER 4 0.0921 0.0490 0.0148 0.0004 0.5674 0.9878
 

PERCOLATION/LEAKAGE THROUGH	 0.0439 0.0600 0.0398 0.0606 0.0203 0.0089
 
LAYER 5 0.0112 0.0080 0.0025 0.0001 0.0232 0.0287
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.008 0.015 0.008 0.013 0.003 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.005
 

STD. DEVIATION OF DAILY 0.004 0.002 0.006 0.001 0.005 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.006
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1994
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INCHES CU. FEET PERCENT
 

PRECIPITATION 38.12 138375.609 100.00
 

RUNOFF 11.849 43011.332 31.08
 

EVAPOTRANSPIRATION 15.086 54762.590 39.58
 

DRAINAGE COLLECTED FROM LAYER 4 10.6490 38655.832 27.94
 

PERC./LEAKAGE THROUGH LAYER 5 0.307141 1114.922 0.81
 

AVG. HEAD ON TOP OF LAYER 5 0.0046
 

CHANGE IN WATER STORAGE 0.229 830.980 0.60
 

SOIL WATER AT START OF YEAR 108.966 395547.906
 

SOIL WATER AT END OF YEAR 109.195 396378.875
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.048 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1995
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.29 5.37 4.19 2.30 0.96 0.91
 
1.49 1.12 1.70 4.23 9.90 7.40
 

RUNOFF 1.134 2.586 0.966 0.190 0.121 0.020
 
0.414 0.271 0.354 1.433 5.105 3.088
 

EVAPOTRANSPIRATION 1.221 1.433 2.376 2.006 1.246 0.732
 
1.121 1.016 0.524 1.809 1.145 1.000
 

LATERAL DRAINAGE COLLECTED 1.7100 1.7808 1.9635 2.5346 1.2859 0.1080
 
FROM LAYER 4 0.0282 0.0000 0.0015 0.0013 0.5175 0.6275
 

PERCOLATION/LEAKAGE THROUGH	 0.0453 0.0449 0.0520 0.0603 0.0361 0.0116
 
LAYER 5 0.0035 0.0000 0.0002 0.0002 0.0234 0.0221
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.008 0.010 0.010 0.013 0.006 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.003
 

STD. DEVIATION OF DAILY 0.006 0.007 0.006 0.002 0.007 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1995
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 43.86 159211.797 100.00
 

RUNOFF 15.684 56933.816 35.76
 

EVAPOTRANSPIRATION 15.630 56736.977 35.64
 

DRAINAGE COLLECTED FROM LAYER 4 10.5589 38328.637 24.07
 

PERC./LEAKAGE THROUGH LAYER 5 0.299653 1087.741 0.68
 

AVG. HEAD ON TOP OF LAYER 5 0.0044
 

CHANGE IN WATER STORAGE 1.687 6124.656 3.85
 

SOIL WATER AT START OF YEAR 109.195 396378.875
 

SOIL WATER AT END OF YEAR 110.883 402503.531
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.025 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1996
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.55 8.56 1.61 7.69 2.55 1.66
 
0.59 0.43 1.32 5.09 6.61 11.27
 

RUNOFF 3.234 4.855 0.151 3.372 0.618 0.000
 
0.008 0.022 0.149 1.610 2.509 5.246
 

EVAPOTRANSPIRATION 1.183 1.412 1.972 3.543 2.149 1.415
 
0.680 0.437 1.368 1.391 1.038 0.947
 

LATERAL DRAINAGE COLLECTED 2.0210 1.7655 3.4902 3.3691 1.3893 0.1975
 
FROM LAYER 4 0.1469 0.0683 0.0173 0.0041 0.9549 0.6945
 

PERCOLATION/LEAKAGE THROUGH	 0.0523 0.0450 0.0717 0.0698 0.0403 0.0151
 
LAYER 5 0.0141 0.0093 0.0027 0.0004 0.0345 0.0243
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.010 0.009 0.017 0.017 0.007 0.001
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.005 0.003
 

STD. DEVIATION OF DAILY 0.007 0.008 0.004 0.001 0.006 0.001
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1996
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 54.93 199395.891 100.00
 

RUNOFF 21.775 79044.430 39.64
 

EVAPOTRANSPIRATION 17.534 63650.152 31.92
 

DRAINAGE COLLECTED FROM LAYER 4 14.1187 51250.914 25.70
 

PERC./LEAKAGE THROUGH LAYER 5 0.379647 1378.117 0.69
 

AVG. HEAD ON TOP OF LAYER 5 0.0059
 

CHANGE IN WATER STORAGE 1.122 4072.312 2.04
 

SOIL WATER AT START OF YEAR 110.883 402503.531
 

SOIL WATER AT END OF YEAR 112.004 406575.844
 



                                         

                                           

                                     

 

 

                         
 -------------------------------------------------------------------------------

                                      
                                 ------- ------- ------- ------- ------- -------     

                                         
                                                      

                                           
                                                 

                               
                                                 

                    
                                  

                  
                                      

 -------------------------------------------------------------------------------
                         
 -------------------------------------------------------------------------------

                               
                                      

                             
                                

 

 

                               
 -------------------------------------------------------------------------------

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.043 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1997
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 7.81 2.84 7.84 2.86 2.06 2.62
 
1.43 1.22 2.78 6.20 3.52 3.33
 

RUNOFF 3.628 0.876 3.016 0.000 0.000 0.458
 
0.361 0.094 0.441 2.193 0.690 1.343
 

EVAPOTRANSPIRATION 1.205 1.342 2.307 3.006 2.126 2.172
 
1.630 0.738 1.978 1.756 1.137 0.978
 

LATERAL DRAINAGE COLLECTED 1.6626 2.8104 2.3939 3.2025 3.2610 0.2511
 
FROM LAYER 4 0.0349 0.0000 0.0078 0.6511 0.9724 1.1918
 

PERCOLATION/LEAKAGE THROUGH	 0.0405 0.0597 0.0544 0.0680 0.0698 0.0059
 
LAYER 5 0.0033 0.0000 0.0010 0.0238 0.0340 0.0402
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.008 0.016 0.012 0.016 0.016 0.001
 
TOP OF LAYER 5 0.000 0.000 0.000 0.003 0.005 0.006
 

STD. DEVIATION OF DAILY 0.007 0.006 0.007 0.004 0.001 0.005
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.003 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1997
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INCHES CU. FEET PERCENT
 

PRECIPITATION 44.51 161571.266 100.00
 

RUNOFF 13.099 47549.555 29.43
 

EVAPOTRANSPIRATION 20.376 73963.227 45.78
 

DRAINAGE COLLECTED FROM LAYER 4 16.4394 59674.930 36.93
 

PERC./LEAKAGE THROUGH LAYER 5 0.400588 1454.134 0.90
 

AVG. HEAD ON TOP OF LAYER 5 0.0070
 

CHANGE IN WATER STORAGE -5.805 -21070.518 -13.04
 

SOIL WATER AT START OF YEAR 112.004 406575.844
 

SOIL WATER AT END OF YEAR 106.200 385505.312
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.058 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1998
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.38 2.59 4.52 0.98 2.09 0.83
 
0.94 0.00 0.24 3.53 11.21 9.17
 

RUNOFF 3.111 0.258 1.339 0.039 0.541 0.047
 
0.000 0.000 0.000 0.067 6.299 4.421
 

EVAPOTRANSPIRATION 1.191 1.412 2.249 1.654 1.316 0.793
 
0.769 0.242 0.205 1.350 1.107 0.953
 

LATERAL DRAINAGE COLLECTED 1.0117 1.7297 1.8601 2.8310 0.1973 0.1248
 
FROM LAYER 4 0.0924 0.0176 0.0024 0.0010 0.6984 0.8144
 

PERCOLATION/LEAKAGE THROUGH	 0.0322 0.0440 0.0521 0.0641 0.0142 0.0127
 
LAYER 5 0.0107 0.0025 0.0003 0.0002 0.0245 0.0274
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.005 0.010 0.009 0.014 0.001 0.001
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.004 0.004
 

STD. DEVIATION OF DAILY 0.006 0.006 0.004 0.001 0.002 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1998
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 44.48 161462.453 100.00
 

RUNOFF 16.124 58531.812 36.25
 

EVAPOTRANSPIRATION 13.240 48062.336 29.77
 

DRAINAGE COLLECTED FROM LAYER 4 9.3806 34051.680 21.09
 

PERC./LEAKAGE THROUGH LAYER 5 0.284933 1034.306 0.64
 

AVG. HEAD ON TOP OF LAYER 5 0.0040
 

CHANGE IN WATER STORAGE 5.450 19782.270 12.25
 

SOIL WATER AT START OF YEAR 106.200 385505.312
 

SOIL WATER AT END OF YEAR 111.649 405287.594
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.053 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1999
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.62 8.31 5.03 1.53 1.84 1.78
 
1.01 0.44 0.20 2.93 10.67 5.10
 

RUNOFF 4.129 3.434 1.292 0.088 0.235 0.620
 
0.171 0.000 0.000 0.690 5.419 1.903
 

EVAPOTRANSPIRATION 1.216 1.344 2.371 2.102 2.061 1.034
 
0.725 0.322 0.239 1.220 1.151 1.019
 

LATERAL DRAINAGE COLLECTED 2.1413 1.5506 2.8067 4.2289 3.3651 0.8938
 
FROM LAYER 4 0.0103 0.0021 0.0121 0.0059 0.2274 0.7329
 

PERCOLATION/LEAKAGE THROUGH	 0.0505 0.0389 0.0621 0.0783 0.0708 0.0259
 
LAYER 5 0.0011 0.0002 0.0013 0.0007 0.0085 0.0262
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.010 0.008 0.014 0.021 0.017 0.005
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.001 0.004
 

STD. DEVIATION OF DAILY 0.008 0.007 0.007 0.002 0.001 0.007
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.003 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 1999
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 47.46 172279.812 100.00
 

RUNOFF 17.981 65270.770 37.89
 

EVAPOTRANSPIRATION 14.803 53736.457 31.19
 

DRAINAGE COLLECTED FROM LAYER 4 15.9771 57996.715 33.66
 

PERC./LEAKAGE THROUGH LAYER 5 0.364325 1322.501 0.77
 

AVG. HEAD ON TOP OF LAYER 5 0.0067
 

CHANGE IN WATER STORAGE -1.666 -6046.640 -3.51
 

SOIL WATER AT START OF YEAR 111.649 405287.594
 

SOIL WATER AT END OF YEAR 109.984 399240.969
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.007 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2000
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 4.04 5.93 4.18 1.56 2.56 1.33
 
0.72 0.77 0.87 3.53 3.65 2.80
 

RUNOFF 0.764 2.422 0.094 0.099 0.313 0.273
 
0.223 0.000 0.037 0.073 1.260 0.396
 

EVAPOTRANSPIRATION 1.162 1.400 2.322 2.209 2.126 1.545
 
0.393 0.509 0.596 1.643 1.060 0.997
 

LATERAL DRAINAGE COLLECTED 2.1333 2.3872 2.0682 2.5435 1.8245 0.0669
 
FROM LAYER 4 0.0273 0.0898 0.0402 0.0036 0.7916 1.4929
 

PERCOLATION/LEAKAGE THROUGH	 0.0527 0.0578 0.0582 0.0605 0.0461 0.0061
 
LAYER 5 0.0024 0.0107 0.0060 0.0008 0.0289 0.0436
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.010 0.012 0.012 0.013 0.009 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.007
 

STD. DEVIATION OF DAILY 0.006 0.004 0.006 0.002 0.007 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.004 0.004
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2000
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INCHES CU. FEET PERCENT
 

PRECIPITATION 31.94 115942.289 100.00
 

RUNOFF 5.953 21610.219 18.64
 

EVAPOTRANSPIRATION 15.961 57937.008 49.97
 

DRAINAGE COLLECTED FROM LAYER 4 13.4690 48892.375 42.17
 

PERC./LEAKAGE THROUGH LAYER 5 0.373655 1356.366 1.17
 

AVG. HEAD ON TOP OF LAYER 5 0.0058
 

CHANGE IN WATER STORAGE -3.816 -13853.776 -11.95
 

SOIL WATER AT START OF YEAR 109.984 399240.969
 

SOIL WATER AT END OF YEAR 106.167 385387.187
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.098 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2001
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 2.77 2.36 3.24 3.70 1.93 3.53
 
0.20 2.25 0.46 3.32 10.13 6.82
 

RUNOFF 0.623 0.562 0.341 0.934 0.431 1.254
 
0.002 0.812 0.070 0.755 5.899 2.525
 

EVAPOTRANSPIRATION 1.209 1.360 2.522 2.979 2.161 2.037
 
0.632 1.219 0.520 0.674 1.116 1.006
 

LATERAL DRAINAGE COLLECTED 1.1876 1.5613 0.3651 0.1549 0.1131 0.0331
 
FROM LAYER 4 0.0044 0.0073 0.0017 0.0017 0.2327 0.6971
 

PERCOLATION/LEAKAGE THROUGH	 0.0387 0.0449 0.0213 0.0118 0.0105 0.0042
 
LAYER 5 0.0005 0.0008 0.0002 0.0002 0.0097 0.0213
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MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.006 0.009 0.002 0.001 0.001 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.001 0.004
 

STD. DEVIATION OF DAILY 0.004 0.003 0.001 0.001 0.000 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.002 0.005
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2001
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40.71 147777.328 100.00
 

RUNOFF 14.210 51580.637 34.90
 

EVAPOTRANSPIRATION 17.435 63288.008 42.83
 

DRAINAGE COLLECTED FROM LAYER 4 4.3599 15826.496 10.71
 

PERC./LEAKAGE THROUGH LAYER 5 0.164038 595.460 0.40
 

AVG. HEAD ON TOP OF LAYER 5 0.0019
 

CHANGE IN WATER STORAGE 4.542 16486.711 11.16
 

SOIL WATER AT START OF YEAR 106.167 385387.187
 

SOIL WATER AT END OF YEAR 110.709 401873.875
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.013 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2002
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 5.53 3.56 4.16 3.64 1.14 1.36
 
0.42 0.06 0.36 0.41 2.96 6.58
 

RUNOFF 0.400 1.004 1.348 1.131 0.023 0.241
 
0.017 0.000 0.000 0.042 0.558 2.121
 

EVAPOTRANSPIRATION 1.198 1.391 2.327 2.283 1.008 0.862
 
0.992 0.324 0.250 0.220 0.897 1.049
 

LATERAL DRAINAGE COLLECTED 2.2415 1.7927 3.2498 2.7177 2.2267 0.1001
 
FROM LAYER 4 0.1062 0.0716 0.0434 0.0331 0.0072 0.3026
 

PERCOLATION/LEAKAGE THROUGH	 0.0580 0.0462 0.0689 0.0619 0.0517 0.0109
 
LAYER 5 0.0116 0.0098 0.0074 0.0067 0.0016 0.0154
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.010 0.010 0.016 0.014 0.011 0.001
 
TOP OF LAYER 5 0.001 0.000 0.000 0.000 0.000 0.002
 

STD. DEVIATION OF DAILY 0.006 0.005 0.005 0.004 0.007 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.000 0.000 0.002
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2002
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 30.18 109553.453 100.00
 

RUNOFF 6.884 24988.342 22.81
 

EVAPOTRANSPIRATION 12.800 46464.082 42.41
 

DRAINAGE COLLECTED FROM LAYER 4 12.8926 46800.020 42.72
 

PERC./LEAKAGE THROUGH LAYER 5 0.350280 1271.517 1.16
 

AVG. HEAD ON TOP OF LAYER 5 0.0054
 

CHANGE IN WATER STORAGE -2.747 -9970.563 -9.10
 

SOIL WATER AT START OF YEAR 110.709 401873.875
 

SOIL WATER AT END OF YEAR 107.962 391903.312
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SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.057 0.00
 

*******************************************************************************
 

*******************************************************************************
 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION	 8.50 1.71 5.08 3.30 0.55 0.36
 
0.13 0.29 0.69 8.88 6.15 4.65
 

RUNOFF 3.501 0.247 1.411 0.496 0.000 0.007
 
0.000 0.000 0.004 5.333 2.490 1.064
 

EVAPOTRANSPIRATION 1.288 1.402 2.444 3.232 0.562 0.299
 
0.238 0.212 0.816 1.333 1.011 1.010
 

LATERAL DRAINAGE COLLECTED 1.4262 1.5199 2.8706 2.1191 0.5953 0.0870
 
FROM LAYER 4 0.0577 0.0426 0.0220 0.1466 0.9765 0.7143
 

PERCOLATION/LEAKAGE THROUGH	 0.0412 0.0395 0.0631 0.0550 0.0228 0.0107
 
LAYER 5 0.0087 0.0075 0.0047 0.0070 0.0335 0.0246
 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 

AVERAGE DAILY HEAD ON 0.007 0.008 0.015 0.011 0.003 0.000
 
TOP OF LAYER 5 0.000 0.000 0.000 0.001 0.005 0.004
 

STD. DEVIATION OF DAILY 0.006 0.006 0.005 0.004 0.005 0.000
 
HEAD ON TOP OF LAYER 5 0.000 0.000 0.000 0.002 0.004 0.003
 

*******************************************************************************
 

*******************************************************************************
 

ANNUAL TOTALS FOR YEAR 2003
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INCHES CU. FEET PERCENT 
-------­ ---------­ ------­

PRECIPITATION 40.29 146252.687 100.00 

RUNOFF 14.553 52828.691 36.12 

EVAPOTRANSPIRATION 13.848 50267.539 34.37 

DRAINAGE COLLECTED FROM LAYER 4 10.5778 38397.543 26.25 

PERC./LEAKAGE THROUGH LAYER 5 0.318076 1154.617 0.79 

AVG. HEAD ON TOP OF LAYER 5 0.0045 

CHANGE IN WATER STORAGE 0.993 3604.299 2.46 

SOIL WATER AT START OF YEAR 107.962 391903.312 

SOIL WATER AT END OF YEAR 108.955 395507.625 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.001 0.00 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1994 THROUGH 2003
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 6.10 4.60 4.39 3.00 1.73 1.64
 
0.72 0.69 1.04 4.26 7.00 6.46
 

STD. DEVIATIONS 2.31 2.44 1.57 1.89 0.67 0.93
 
0.49 0.68 0.85 2.22 3.22 2.60
 

RUNOFF
 

TOTALS 2.138 1.759 1.115 0.681 0.252 0.316
 
0.120 0.120 0.138 1.430 3.186 2.556
 

STD. DEVIATIONS 1.493 1.528 0.846 1.022 0.224 0.389
 
0.163 0.258 0.171 1.596 2.259 1.520
 

EVAPOTRANSPIRATION
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TOTALS	 1.214 1.372 2.338 2.492 1.618 1.291
 
0.758 0.530 0.799 1.197 1.067 0.995
 

STD. DEVIATIONS 0.039 0.060 0.154 0.643 0.581 0.645
 
0.408 0.349 0.611 0.536 0.081 0.030
 

LATERAL DRAINAGE COLLECTED FROM LAYER 4
 

TOTALS 1.7066 1.9600 2.2603 2.6256 1.4795 0.1940
 
0.0600 0.0348 0.0163 0.0849 0.5946 0.8256
 

STD. DEVIATIONS 0.4242 0.4862 0.9180 1.0482 1.1848 0.2541
 
0.0472 0.0338 0.0151 0.2040 0.3473 0.3288
 

PERCOLATION/LEAKAGE THROUGH LAYER 5
 

TOTALS 0.0455 0.0481 0.0544 0.0590 0.0383 0.0112
 
0.0067 0.0049 0.0026 0.0040 0.0222 0.0274
 

STD. DEVIATIONS	 0.0078 0.0080 0.0148 0.0178 0.0216 0.0062
 
0.0051 0.0045 0.0026 0.0074 0.0117 0.0085
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ON TOP OF LAYER 5
 

AVERAGES 0.0084 0.0106 0.0114 0.0133 0.0073 0.0010
 
0.0003 0.0002 0.0001 0.0004 0.0031 0.0040
 

STD. DEVIATIONS 0.0019 0.0027 0.0045 0.0053 0.0058 0.0013
 
0.0002 0.0002 0.0001 0.0010 0.0018 0.0016
 

*******************************************************************************
 

*******************************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1994 THROUGH 2003
 

INCHES CU. FEET PERCENT
 

PRECIPITATION	 41.65 ( 7.244) 151182.3 100.00
 

RUNOFF	 13.811 ( 4.7665) 50134.96 33.162
 

EVAPOTRANSPIRATION	 15.671 ( 2.2942) 56886.84 37.628
 

LATERAL DRAINAGE COLLECTED 11.84229 ( 3.55710) 42987.516 28.43423
 
FROM LAYER 4
 

PERCOLATION/LEAKAGE THROUGH 0.32423 ( 0.06813) 1176.968 0.77851
 

http:56886.84
http:50134.96


      

                       
       

                                

 

LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

0.005 ( 0.001) 

CHANGE IN WATER STORAGE -0.001 ( 3.5598) -4.03 -0.003 

*******************************************************************************
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******************************************************************************
 

PEAK DAILY VALUES FOR YEARS 1994 THROUGH 2003
 

PRECIPITATION 

(INCHES) 
---------­

4.20 

(CU. FT.) 
------------­

15245.999 

RUNOFF 3.659 13281.9512 

DRAINAGE COLLECTED FROM LAYER 4 0.19844 720.32935 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.004629 16.80188 

AVERAGE HEAD ON TOP OF LAYER 5 0.029 

MAXIMUM HEAD ON TOP OF LAYER 5 0.048 

LOCATION OF MAXIMUM HEAD IN LAYER 
(DISTANCE FROM DRAIN) 

4 
0.0 FEET 

SNOW WATER 0.42 1516.4022 

MAXIMUM VEG. SOIL WATER (VOL/VOL)	 0.2992
 

MINIMUM VEG. SOIL WATER (VOL/VOL)	 0.1334
 

*** Maximum heads are computed using McEnroe's equations. ***
 

Reference:	 Maximum Saturated Depth over Landfill Liner
 
by Bruce M. McEnroe, University of Kansas
 
ASCE Journal of Environmental Engineering
 
Vol. 119, No. 2, March 1993, pp. 262-270.
 

******************************************************************************
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******************************************************************************
 

FINAL WATER STORAGE AT END OF YEAR 2003
 

LAYER (INCHES) (VOL/VOL) 
----­ -------­ --------­

1 0.0019 0.2362 

2 4.3322 0.2407 

3 104.5961 0.3006 

4 0.0125 0.0500 

5 0.0000 0.0000 

SNOW WATER 0.000 

******************************************************************************
 
******************************************************************************
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SUBJECT: Tacoma Landfill- Water Balance for the Central Area 

DATE: December 12,2008 

Purpose 

This memorandum provides a discussion of the water balance in the Central Area of the 
Tacoma Landfill using leachate collection, leachate detection, and surface runoff data collected 
between May 1, 2007 and April 30, 2008. Based on our analysis, there is not a significant issue 
with regard to the water balance for the Central Area. 

Discussion 

Flow Pathways 

Rainfall that falls on the Central Area generally leaves the area via the following pathways: 

#1 . Leachate Collection System: The leachate collection system pipe is located at the 
bottom of the lined refuse cell. It collects water that passes through the refuse. These 
flows are discharged into the leachate collection manhole at the north end of the Central 
Area. 

#2. Leachate Detection System: The leachate detection system pipe is located beneath the 
primary liner. It collects leachate that passes through the primary liner and is collected 
by the secondary liner (i.e., serves as leak detection for the leachate collection system). 
These flows are discharged into the leachate detection manhole at the north end of the 
Central Area. 

#3. Surface Runoff - Majority of Central Area: Surface runoff from the majority of the 
Central Area is collected in a combination of ditches and pipes. These flows are 
discharged into the leachate collection manhole. 

#4. Surface Runoff - Southern Tarped Portion: A portion of the surface runoff from the 
southern 7.9 tarped acres drains south and enters the adjacent capped landfill area's 
stormwater collection system. These flows do not enter either the leachate collection or 
detection manholes. 

#5. Evapo-transpiration: Evapo-transpiration of the water occurs on the surface of the 
landfill. This water is returned directly to the atmosphere. 



Technical Memorandum 
Tacoma LandJiIl- Wa\er Balance fO( the Cenlral Area 
December 12, 2008 
Page Two 

The landfill currently has flow meters monitoring the leachate collection system (#1), the 
leachate detection system (#2), and the surface runoff system for the majority of the Central 
Area (#3), The two unknown variables are evapo-transpiration and surface runoff from a portion 
of the southern tarped area. 

Water Balance 

Between May 1, 2007 and April 30, 2008, approximately 35.0 inches of rainfall fell on the 
Central Area based on measurements taken at the Central Treatment Plant (2201 Portland 
Ave. , Tacoma, WA 98421). This equates to approximately 30.9 million gallons of precipitation 
landing over the 32.45 acre Central Area. During the same time period, 20.B million gallons 
were observed passing through the leachate collection, leachate detection, and surface runoff 
meter systems. This results in approximately 10.1 million gallons of water that were not 
accounted for in the flow meters. 

A portion of the water is accounted for by evapo-transpiration. We calculated the water loss due 
to eva po-transpiration using a 23% evapo-transpiration rate (Curtis Hinman, WSU Pierce 
County Extension, Personal Communication). For the 24.55 acres (everything except the 
southern tarped area), this equates to approximately 5.4 million gallons of evapo-transpiration 
between May 1, 2007 and April 30, 2008. Based on survey data, approximately 7.04 acres of 
the 7.9 acre southern tarped area drains to the south and is not collected in the Central Area 
surface runoff collection system . Assuming that 75% of this water makes it to the surface 
collection system or evaporates (the rest passes through holes in the tarped system and is 
collected by the leachate collection system), this accounts for an additional 5.03 million gallons 
per year. 

Given these two variables, it suggests that there is not a significant issue with regard to the 
water balance for the Central Area. The fact that the analysis suggested that slightly more « 
1% of total) water is leaving the Central Area than is coming in between May 1, 2007 and April 
30, 2008, is likely due to the eva po-transpiration value used. This percentage number has 
many variables (e.g., weather patterns, yearly rainfall, depth of soil, type of soil) some of which 
may vary significantly from year to year. Even a small change in the evapo-transpiration 
percentage would have a significant impact on the water balance for the Central Area. 
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1.0 INTRODUCTION 


This edge of plume (EOP) residual plume characterization project was initiated to characterize the 

nature and extent of volatile organic compound (VOC) groundwater contamination in two offsite areas 

west of the Tacoma Landfill.  In these two areas, persistent VOC concentrations have been detected 

during regular monitoring (City of Tacoma and Pacific Groundwater Group 2004).  For the purpose of 

this project, these two areas have been defined as the north area and the south area.  The north area is 

centered along Emerson Street (also shown on maps as South 40th Street); the south area is centered along 

46th Street West. The landfill location is shown on the vicinity map on Figure 1.  The north area and the 

south area locations are shown on the site plan on Figure 2.   

The scope of services for this project was established as Task 11 under Landau Associates 

geotechnical engineering services on-call contract (G-258-3) for the City of Tacoma, Public Works 

Department. The scope of work is defined in the Landfill Plume Work Plan (Landau Associates 2005). 

The work plan preparation was authorized as Task 10 under Landau Associates geotechnical engineering 

services on-call contract.   

1.1 BACKGROUND 

The City of Tacoma (City) Solid Waste Management Division operates the Tacoma Landfill 

(landfill) at 3510 South Mullen Street in Tacoma, Washington.  The landfill area is approximately 210 

acres. It began accepting garbage and municipal waste in 1960. The landfill is part of the 

Commencement Bay, South Tacoma Channel Superfund site.  A remedial investigation was completed by 

the City in 1987.  A record of decision (ROD) was issued by the U.S. Environmental Protection Agency 

(EPA) in 1988. The ROD specified various cleanup actions to address contaminated air, soil and 

groundwater. A groundwater extraction and treatment system (GETS) was implemented in 1992 to 

address groundwater contamination flowing from the western boundary of the landfill towards Leach 

Creek. The GETS combined with landfill capping and gas extraction have been effective in reducing the 

offsite impact to groundwater.  Two small areas of groundwater contamination remain between the 

landfill boundary and Leach Creek.  The landfill boundary, GETS wells, and landfill monitoring wells are 

shown on Figure 2.  A detailed explanation of wells used in the landfill extraction system and 

groundwater monitoring network was presented in Tacoma Landfill Consent Decree 2004 Annual Report 

(City of Tacoma and Pacific Groundwater Group 2004). 

The final remedy for the landfill established groundwater performance standards (GWPSs) set at 

the Federal maximum contaminant level (MCL) and Health Based Criteria, in the Consent Decree.  The 

remedy also established the point of compliance (POC) as the landfill boundary.  The GETS goal is to 
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remediate groundwater at the point of compliance and within the existing plume to drinking water 

standards or health based criteria specified in the Consent Decree, then the system will be shut down. 

1.2 SCOPE 

The scope of work for this project consisted of advancing a series of Waterloo Profilertm (profiler) 

boreholes to collect multiple vertically spaced groundwater samples and groundwater parameters in each 

borehole. The profiler data provides a vertical water quality profile over discrete intervals.  The profiler, 

combined with an onsite laboratory, also provides same day borehole water quality assessment.  Profiler 

technology was typically advanced through a conductor casing installed to the water table.  The conductor 

casing was advanced with a hollow-stem auger or sonic drilling technology. 

A Waterloo Profilertm description was presented in detail in the Landfill Plume Work Plan 

(Landau Associates 2005). The work plan also presents a detailed scope for field explorations. 

1.3 OBJECTIVES 

The primary purpose of this project is to determine the concentration and distribution of VOCs 

associated with the north and south area offsite groundwater plumes through an approach known as 

adaptive site characterization.  Adaptive site characterization facilitates vertical and horizontal 

groundwater plume characterization based on rapidly available groundwater analytical and 

hydrostratigraphic data.  Additional data collected during this project will be used to: 

•	 Evaluate whether VOC groundwater contamination in the north and south areas are residual 
plumes from previous more extensive groundwater plumes or whether there is an ongoing 
source of contamination leaking through the point of compliance GETS wells along the 
western landfill boundary 

•	 Determine what GETS modifications would be appropriate based on monitoring and site 
characterization data   

•	 Provide necessary information to evaluate the potential for additional remedial actions to 
address remaining offsite groundwater contamination. 
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2.0 FIELD WORK 

The EOP characterization field work was conducted in accordance with the work plan (Landau 

Associates 2005).  Several alternatives were presented in the work plan to accommodate potential 

difficulties during data collection. The preferred approach was to drill a pilot boring to groundwater 

using hollow stem auger or sonic drilling methods.  Boart Longyear was the drilling subcontractor and 

provided the direct-push drill rig1, hollow stem auger, and sonic drilling operator and equipment.  Boart 

Longyear was subcontracted directly to General Mechanical, a general contractor under contract with the 

City of Tacoma.  Once groundwater was encountered, the Waterloo™ Profiler (profiler) was installed 

through the pilot borehole conductor casing and pushed into undisturbed soil using direct-push drilling 

methods. 

Stone Environmental, Inc. provided the Waterloo™ Profiler and mobile laboratory services. 

Stone Environmental was subcontracted directly to Landau Associates  Stone Environmental produced 

VOC analytical data, field parameter data, and index of hydraulic conductivity (IK) data.  Continuous 

index of hydraulic conductivity (IK) was measured in each profiled borehole.  The IK is a unitless relative 

measure of the aquifer hydraulic conductivity.  The primary purpose of this measurement was to select 

permeable portions of the aquifer to collect groundwater quality samples.  These data were summarized in 

a separate data package submitted by Stone Environmental. This data package is reproduced in 

Appendix A 

The first groundwater sample at each profile was collected within the top 5 ft of the water table. 

As the profiler was advanced, an index of hydraulic conductivity (k) and rate of penetration were recorded 

electronically and observed in real time.  Groundwater samples were generally collected in zones of 

higher k, or at a pre-determined depth of 5 to 8 ft, if k remained constant. If the profiler could no longer 

be advanced prior to reaching the target depth, the pilot boring was drilled deeper, and the profiler was 

pushed further into the formation.  Table 1 lists the number of samples per boring and their depth.   

Groundwater samples were analyzed for VOCs by EPA Method 8260 at a mobile laboratory 

located at the landfill.  Analytical results were received in the field allowing real time decisions to 

continue or discontinue profiling, and help determine the location of future profiles.  Table 2 presents a 

summary of profiler analytical data analyzed at the mobile laboratory.   

Twelve profiles were pushed, eight in the north area and four in the south area.   In the north area, 

boreholes were generally aligned parallel to the direction of groundwater flow between extraction well 

W-14 and well TL-07 (See Figure 3).  In the south area, boreholes were placed upgradient and 

1 The direct push drill rig was a Geoprobe Model 6600.  More detailed specifications for drilling rigs are presented 
in the work plan (Landau Associates 2005). 
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downgradient of monitoring wells TL-26A and TL-26B (See Figure 4).  Borehole locations were initially 

selected based on historical plume distribution and equipment and property accessibility; locations were 

adjusted during the project in response to profiler analytical data.  Borehole locations in the north area are 

shown on Figure 3; locations in the south area are shown on Figure 4. 

Profile samples in the north area were collected between 18 ft below ground surface (bgs) and 71 

ft bgs.  Samples in the south area were collected between 89 ft bgs and 150 ft bgs.  In boreholes where 

groundwater was encountered above the suction limit (i.e., approximately 25 ft bgs), a peristaltic pump 

was attached to the stainless steel profiler tubing to pump the water to in-line sample containers.  When 

groundwater samples were collected below the suction limit, a nitrogen drive pump was used to pump 

groundwater to the surface.  Field pH measurements, specific conductivity (SC), turbidity, dissolved 

oxygen (DO), temperature, and oxidation/reduction potential (ORP) were measured using a closed flow 

cell. The sample lines were purged and field parameters were stabilized prior to the collection of 

groundwater samples.  Field parameter data are summarized in Appendix A. 

The field investigation began on May 17, 2005 and was completed on Tuesday, June 8, 2005. 

Due to sonic drill rig breakdowns, a planned fifth profile (e.g., SA-05) was not completed in the south 

area. However data from SA-01 through SA-04 were deemed sufficient to meet the project objectives.    
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3.0 RESULTS 


Landfill hydrogeology and groundwater quality have been characterized through numerous well 

installations and periodic water quality and water level monitoring.  As part of this EOP characterization 

project, site hydrogeology and contaminant plume trends were evaluated.  An initial assessment was 

summarized in the work plan based on review of boring logs and water level data (Landau Associates 

2005). Based on additional data collected during this project, refinements to the site conceptual models of 

geology, groundwater flow, and water quality were developed.   

3.1 GEOLOGY 

The landfill geology consists primarily of Vashon age glacial deposits that overlay older pre-

Vashon deposits. The basic landfill stratigraphy was developed during the initial landfill remedial 

investigation (RI) (Black and Veatch 1987) and was refined in the Tacoma Landfill 1995 Annual Report 

(Pacific Groundwater Group 1996).  This report uses RI geologic unit terminology but includes an 

updated interpretation of the geology as a basis for an updated hydrogeologic conceptual model.   

Primary geologic deposits encountered beneath and west of the landfill were summarized into 

five geologic units consisting of Vashon glacial deposits, older glacial or interglacial deposits, and older 

silt deposits. These stratigraphic units are described below: 

•	 Qvr: Vashon recessional deposits that consist of unconsolidated (stiff to very stiff or medium 
dense to dense) silt, sand and gravel.  These deposits include ablation till or ice contact 
deposits in the valley bottom along Leach Creek.  These valley bottom deposits in particular 
are distinguished from lodgment till (basal glacial deposit overridden by an ice sheet) based 
on appreciably lower density (i.e., see well logs for north area boring TL-7C and south area 
boring P-3/4). 

•	 Qvt: Vashon glacial till or lodgment till deposits that consist of consolidated (very dense) silt, 
sand and gravel. These deposits mantle the west-facing slope of the landfill and are typically 
15 to 20 ft thick.  Qvt deposits pinch out in the north area west of well W-42, and in the south 
area west of well W-32.   

•	 Qva: Vashon advance outwash deposits that consist of consolidated (dense to very dense) 
gravelly sand and sand.  The Qva includes both the previously described (Black and Veatch 
1987) sandy gravel advance outwash deposits and the underling sandy Colvos Sand deposit. 
The Qva represents a fining downward sequence where the grain size is coarsest at the top of 
the sequence beneath the glacial till and becomes finer toward the bottom of the sequence at 
about elevation2 200 ft. 

2 Elevations in this report are presented in ft, mean sea level (MSL) equal to NGVD 1929.  Previous reports have 
typically presented elevations in City of Tacoma datum.  City of Tacoma datum is 14 ft higher than NGVD 1929. 
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•	 Qog: Directly beneath the Qva deposit is a dense to very dense gravel deposit that appears to 
be stratified glacial drift or interglacial deposit associated with an older glacial episode that 
predates both the Vashon glaciation and the Olympia interglacial period.   These deposits are 
termed Qog and represent pre-Olympia older gravels, older till and older outwash.   

•	 Qol: Fine grained silt deposits underlie the pre-Olympia older gravels.  These deposits are 
termed Qol and represent pre-Olympia lacustrine deposits.  Qol deposits were previously 
encountered throughout the north area and in the eastern portion of the south area.  In the 
south area, borings in the vicinity of Leach Creek were not deep enough to encounter this 
layer. 

Cross sections were developed through the north and south areas that describe stratigraphic 

relationships. Cross section geology is based on a review of boring logs and the preliminary surficial 

geologic map of the Steilacoom quadrangle (Troost et al. 2005).  Cross section locations are shown on 

Figures 3 and 4 for the north and south areas respectively.  Cross sections are presented on Figures 5 and 

6 for the north and south areas respectively3. 

3.2 GROUNDWATER FLOW 

The relatively permeable Qva and Qog deposits represent a single aquifer unit (the Qva/Qog 

aquifer) in the vicinity of the landfill.  This aquifer also includes saturated Qvr deposits in the vicinity of 

Leach Creek.  The upper portion of the aquifer has been previously termed the Colvos Sand aquifer (City 

of Tacoma and Pacific Groundwater Group 2004).  The lower portion of this aquifer is in the Qog older 

gravel deposits. Where multiple completion screens are installed at a single well location (e.g. TL-10A, 

TL-10B and TL-10C), the “A” designation represents the shallowest screen (typically at the water table), 

and the “C” or “D” designation represents the deepest screen (near the base of the Qog).  The underlying 

Qol silt is an aquitard that represents the base of this unit.  

Recharge to the aquifer beneath the landfill occurs from the Fircrest Upland north of the landfill 

and the South Tacoma Channel east of the landfill (City of Tacoma and Pacific Groundwater Group 

2004). Some limited recharge from rainfall infiltration also likely occurs west of the landfill where the 

lodgment till is absent.  The primary discharge sink for groundwater flowing beneath the landfill is Leach 

Creek. Based on recharge and discharge patterns, groundwater flow is southward and westward beneath 

the landfill towards Leach Creek. Horizontal groundwater flow patterns based on water level contours are 

shown on Figure 7 for water levels collected during the first quarter of 2003 (City of Tacoma and Pacific 

3 These cross sections are similar to cross sections presented in the work plan (Landau Associates 2005) however the 
topography and unit contacts have been refined.  Additionally, the geology in the vicinity of Leach Creek in the 
south area has been reinterpreted to include ablation till or ice contact deposits based in part on geology by Troost 
et.al., 2005. 
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Groundwater Group 2003).  Groundwater flow patterns shown on this figure are consistent with identified 

recharge and discharge areas. 

No significant recharge occurs beneath the landfill since most of the facility is capped. 

Consequently, vertical gradients are expected to be low beneath the landfill and directly west of the 

landfill (where lodgment till is present) reflecting generally horizontal flow in this area, while vertical 

gradients are expected to be upward only near Leach Creek.  Actual measured vertical gradients along the 

west side of the landfill are somewhat variable. This is attributed to pumping from GETS extraction wells 

which are sometimes screened near the top of the aquifer (i.e., well W-15) and other times screened near 

the bottom of the aquifer (i.e., well W-36).  Figure 8 presents a plan view map of vertical gradients at 

various monitoring well clusters along the west side of the landfill.  Vertical gradients at select well 

clusters are summarized in Table 3. 

  The IK measurements also provided a qualitative assessment of the variability in aquifer 

hydraulic conductivity of the upper portion (Colvos Sand portion) of Qva/Qog aquifer.  IK measurements 

indicated quite a bit of variability in aquifer hydraulic conductivity at individual borings over the range of 

a few feet. However, there was no obvious trend in IK measurements within boreholes or between 

boreholes. IK readings are presented in Appendix A. 

3.3 GROUNDWATER QUALITY 

VOC groundwater plumes were historically associated with the west side of the landfill. 

Concentrations of tetrachloroethene (PCE), trichloroethene (TCE), 1,2-dichloroethene (1,2-DCA), and 

vinyl chloride exceeded GWPSs.  Since remedy implementation beginning in 1992, VOC concentrations 

have declined significantly.  Currently, the only well locations where VOCs exceed the GWPS beyond 

the POC are vinyl chloride in the north area at wells TL-07A and W-36 and 1,2-dichlorethane (1,2-DCA) 

in the south area at well TL-26A (City of Tacoma and Pacific Groundwater Group 2004). 

Additional data collected during this project helped define the degree and extent of contamination 

in these two areas.  In the north area, 44 groundwater samples were collected from 8 profiled boreholes 

(See Figure 3). Chloroethane; cis-1,2-dichlorethene (cis-1,2-DCE); PCE; toluene, trans-1,2-DCE; TCE 

and vinyl chloride were detected at least once. Cis-1,2-DCE and vinyl chloride were the only two 

compounds detected in more than 7 percent of the samples.  The maximum cis-1,2-DCE concentration 

was 8.2 μg/L, well below the GWPS of 70 μg/L. The maximum vinyl chloride concentration was 4.3 

μg/L, above the GWPS of 2 μg/L. Vinyl chloride was the only compound detected above the GWPS 

during profiling in the north area, this is consistent with monitoring well data presented in the Tacoma 

Landfill Consent Decree 2003 Annual Report (City of Tacoma and Pacific Groundwater Group 2004). 
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Vinyl chloride is the only compound of concern for north area groundwater.  A statistical summary of 

profiled VOC results in the north area is presented in Table 4. 

In the south area, 24 groundwater samples were collected from four profiled boreholes (see 

Figure 4). 1,1,1-trichloroethane (TCA), 1,1-dichloroethane (1,1-DCA); 1,2-DCA; cis-1,2-DCE; PCE; 

toluene, trans-1,2-DCE; TCE and vinyl chloride were compounds that were detected at least once.  1,1­

DCA; 1,2-DCA; and cis-1,2-DCE were the most frequently detected compounds.  The maximum cis-1,2­

DCE concentration was 36 μg/L, below the GWPS of 70 μg/L. The maximum 1,1-DCA concentration 

was 16 μg/L, below the GWPS of 20 μg/L. The maximum 1,2-DCA concentration was 13 μg/L, above 

the GWPS of 5 μg/L. 1,2-DCA was the only compound that was detected above the GWPS during 

profiling in the south area, this is consistent with monitoring well data presented in the Tacoma Landfill 

Consent Decree 2004 Annual Report (City of Tacoma and Pacific Groundwater Group 2005). 

Consequently, for this evaluation 1,2-DCA is the only compound of concern for south area groundwater. 

A statistical summary of profiler VOC results in the south area is presented in Table 5. 

During collection of profiler VOC samples, general groundwater quality parameters were 

collected at each profile sample interval.  General groundwater quality parameters are specific 

conductance, dissolved oxygen, pH, and oxygen-reduction potential (ORP)4. ORP and pH readings were 

similar in the north and south areas.  ORP varied from 156 to -328 mV; pH varied between 6 and 8. 

These readings are not unusual for shallow groundwater systems and do not appear to be indicative of an 

impact from landfill operations.  Dissolved oxygen and specific conductance showed different trends 

between the north area and south area.  Specifically, in the south area, dissolved oxygen and specific 

conductance are lower than in the north area.  A summary of general groundwater quality parameter 

profiler data is presented in Table 6. A graphical presentation of specific conductance versus dissolved 

oxygen profiler data for the north and south areas is presented on Figure 9.  General groundwater quality 

data is also presented in graphs by profiled borehole in Appendix A. 

In the north area, specific conductance ranged from 184 to 1,159 µs/cm.  At locations NA-01, 

NA-02 and NA-08 specific conductance values were all above 600 µs/cm (i.e., above values typical for 

shallow aquifer systems) while at other north area locations and all south area locations, specific 

conductance values were all below 610 µs/cm.  The three locations where specific conductance is 

elevated (i.e., above 600 µs/cm) all occur in the north area just east of Leach Creek at the base of the 

westward sloping hill.  The occurrence of high specific conductance at these locations near the creek 

could be due to a number of factors.  Spatially, the occurrence of elevated specific conductance roughly 

correlates with elevated vinyl chloride concentrations (see discussion below) and may be related to a 

4 ORP is a measurement of the ability of the solution to oxidize a contaminant. 
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residual plume from the landfill.  Alternatively, the occurrence of elevated specific conductance could be 

related to infiltration of surface water runoff.  A graphical presentation of north area profiler specific 

conductance data by location is presented on Figure 10. 

Dissolved oxygen in infiltrating rainwater is about 10 ppm. Typical values of dissolved oxygen in 

shallow groundwater are typically less than 10 ppm due to biochemical oxygen demand associated with 

the aquifer substrate.  Biochemical oxygen demand from landfill contaminants can also cause dissolved 

oxygen to be depleted.  Dissolved oxygen concentrations (between 0 and 3 ppm) in the south area are 

relatively low compared to the north area (see Figure 9).  However, it is not clear whether these low levels 

are associated with impacts from the landfill.  Note that specific conductance is not particularly elevated 

in south area samples.  

3.3.1 NORTH AREA VINYL CHLORIDE 

The north area was selected for evaluation because groundwater vinyl chloride concentrations 

persist above groundwater performance standards in wells directly east of Leach Creek.  VOC data is 

maintained by the City of Tacoma in a database.  Data for some wells extend back as far as 1988, while 

other wells were installed after preparation of the ROD in 1992 and subsequent remedy implementation. 

The database was queried to determine the maximum value of vinyl chloride at each well location to give 

an assessment of the maximum extent of the north area groundwater plume.  These data indicated a vinyl 

chloride groundwater plume above the GWPS that extended from the west end of the landfill to Leach 

Creek. The plume axis was centered approximately on 40th Street West. The highest concentrations 

occurred just west of the landfill boundary at well TL-10B.  Maximum historical north area vinyl chloride 

concentrations are summarized in Table 7.  Maximum vinyl chloride plume concentrations and plan view 

contours are shown on Figure 11.  Though the entire thickness of the aquifer appears to have been 

contaminated, the highest concentrations occur near or at the surface.  Maximum historical vinyl chloride 

plume concentrations and contours are shown in cross section view on Figure 12. 

Remedy implementation caused concentrations within the north area plume to decline 

significantly resulting in a residual plume near Leach Creek.  A plot (Figure 13) of vinyl chloride 

concentrations over time at select north area wells demonstrates this decreasing trend.  The residual vinyl 

chloride plume extent was delineated using borehole profile data.  The data were combined with the most 

recent analytical data from north area wells to get an estimate of current groundwater impacts.  Recent 

vinyl chloride concentrations are summarized in Table 8.  The data indicate a residual vinyl chloride 

plume in the vicinity of Leach Creek.  This residual plume likely represents the remnants of a 

contamination slug shown on Figure 11 that migrated toward Leach Creek and the edge of plume (EOP) 

extraction wells.  Recent vinyl chloride concentrations and contours are shown on Figure 14; comparison 
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of Figures 11 and 14 demonstrates the reduction in plume extent over time.  The residual vinyl chloride 

plume no longer occurs in the lower portions of the aquifer except at extraction well W-36.  Recent vinyl 

chloride concentrations and contours are shown in cross section view on Figure 15.   

The north area vinyl chloride plume eventually discharges to Leach Creek.  The City collects 

quarterly water quality samples from Leach Creek at location LC-01 (upgradient of the north area plume) 

and LC-02 (downgradient of the north area plume) (Figure 2).  Vinyl chloride has not been detected at 

either of these locations. 

3.3.2 SOUTH AREA 1,2-DICHLOROETHANE 

The City of Tacoma water quality database was queried to determine the maximum 1,2-DCA 

concentration at each well location to give an assessment of the south area groundwater plume maximum 

historical extent. The data indicate an area where 1,2-DCA groundwater concentrations were above the 

GWPS from the west end of the landfill to Leach Creek.  The plume axis was centered approximately on 

46th Street West. The highest concentrations occurred at the west boundary of the landfill at monitoring 

well TL-11A and extraction well W-05.  Maximum south area 1,2-DCA concentrations are summarized 

in Table 9. Maximum historical 1,2-DCA plume concentrations and plan view contours are shown on 

Figure 16. The highest concentrations occurred near or at the water table surface however contamination 

impacts did extend into the Qog gravel.  Maximum 1,2-DCA plume concentrations are shown in cross 

section view on Figure 17. 

Similar to the north area, remediation has greatly reduced the plume extent in the south area.  The 

highest remaining south area plume 1,2 DCA concentrations are in monitoring well TL-26A.  At well TL­

26A, 1,2-DCA concentrations continue to decrease from a peak concentration of 18 μg/L in 2000. 

Downgradient wells, such as well TL-09B have shown a more rapid decreasing concentration trend. 

Figure 18 shows 1,2-DCA concentration trends for representative south area wells.  

The residual 1,2-DCA plume extent was delineated using borehole profile data.  Additionally, 

the City collected groundwater samples from POC extraction wells W-2 to W-4 during November 2005 to 

determine VOC concentrations upgradient from the residual 1,2 DCA plume at the point of compliance. 

The data were combined with the most recent analytical data from north area wells to get an estimate of 

current groundwater impacts.  The data from profiled boreholes SA-02 and SA-03 determined the vertical 

and horizontal 1,2 DCA plume extent immediately downgradient from TL-26A  The data show that 

residual plume concentrations associated with the TL-26 well pair decrease to less than the GWPS a short 

distance downgradient and have limited vertical extent.  Data from profiled boreholes SA-01 and SA-04, 

located upgradient of well TL-26A indicate 1,2-DCA concentrations above the GWPS extend upgradient 

toward the landfill boundary.  However, recent data from POC wells W-2, W-3 and W-4 indicate that 
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1,2-DCA concentrations are less than the GWPS at the landfill boundary directly upgradient of TL-26A. 

Recent 1,2-DCA concentrations are summarized in Table 8.  The residual 1,2-DCA plume is shown in 

plan and cross section views on Figures 19 and 20 respectively.  
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4.0 CONCLUSIONS AND RECOMMENDATIONS 


Borehole profile data collected with the Waterloo Profiler™ has helped determine the extent of 

residual groundwater plumes west of the landfill in the north and south areas.  Historically, relatively 

extensive VOC groundwater plumes extended from the west boundary of the landfill, westward to Leach 

Creek. A vinyl chloride plume existed in the north area and a 1,2-dichloroethane plume existed in the 

south area. Landfill remedial actions combined with natural attenuation of the plume have reduced the 

horizontal and vertical extent of both plumes.  Currently, only relatively minor residual groundwater 

plumes remain; maximum contaminant concentrations in these plumes are only slightly above the GWPS. 

In the north area there was a relatively extensive historical groundwater plume originating from 

the landfill. Groundwater quality data collected during this study indicate there is now a much smaller 

residual plume characterized by vinyl chloride concentrations that slightly exceed GWPS.  These data 

indicate the plume source was effectively eliminated by landfill remedial actions including soil gas 

removal, elimination of infiltration, and POC extraction well pumping.  Since the plume source was 

effectively eliminated, the offsite plume has decreased due to edge of plume (EOP) groundwater 

extraction well pumping and treatment and natural attenuation.  The decrease in the extent of the north 

area plume is evident in comparison of Figures 11 and 14. 

In the north area, vinyl chloride concentrations above the GWPS remain in a small area in the 

vicinity of monitoring well TL-7A and extraction well W-36, near Leach Creek.  These concentrations 

represent a residual slug of contamination from the historical plume.  Elevated specific conductance data 

in this area may also represent a residual slug of contamination from the historical plume. Based on 

concentration profiles at locations NA-01 and NA-02 it appears that well W-36 groundwater extraction is 

drawing a portion of the plume downward (Figure 15), resulting in the slight GWPS exceedence in this 

well. Ceasing groundwater extraction at W-36 will allow groundwater contamination to naturally 

attenuate through biodegradation and discharge to Leach Creek.  Concentrations are low enough that 

impacts to Leach Creek are very unlikely, especially since historical sampling has not detected VOCs in 

the creek. Because concentrations are low and the extent of contamination is limited, it is expected that 

vinyl chloride concentrations will decline to below the GWPS within a relatively limited time frame (i.e., 

approximately 5 years).   

In the south area there was also a relatively extensive historical groundwater plume originating 

from the landfill. There is now a residual plume characterized by 1,2-dichloroethane concentrations that 

slightly exceed the GWPS.  Concentration trends indicate the plume source was also effectively 

eliminated by remedial actions.  Since the plume source was effectively eliminated, the extent of the 
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offsite plume has decreased significantly through EOP pumping and natural attenuation.  The decrease in 

the extent of the south area plume is evident in comparison of Figures 18 and 20. 

The residual south area groundwater plume is located in the vicinity of monitor well TL-26A, 

relatively close to the west boundary of the landfill. Groundwater quality data collected during this study 

indicate the plume is limited in horizontal and vertical extent (Figures 19 and 20).  The occurrence of the 

residual plume relatively near the landfill boundary (as opposed to near Leach Creek like the north area 

plume) may result from the occurrence of a slow groundwater velocity zone or stagnation zone.  This type 

of groundwater flow pattern can occur directly downgradient of pumping wells such as the nearby POC 

extraction wells. Minor leakage through the POC extraction wells could be a contributing factor to the 

plumes occurrence, however data from the existing POC wells suggests significant leakage is unlikely. 

Based on the relatively limited extent of the plume, relatively low concentrations and concentration trends 

at well TL-26A (Figure 18) it is likely that the concentrations in the south area plume will continue to 

decline to below the 1,2-dichloroethane GWPS within a relatively limited time frame (i.e., 5 to 10 years).   

Based on the decline in the extent and concentration of the north and south area plumes, it is 

appropriate to reevaluate current remedial action practices.  The following recommendations focus on 

scaling back on offsite (EOP) pumping and adjusting current monitoring to address the remaining residual 

groundwater contamination: 

•	 Shutdown north area extraction well W-36.  Continue to monitor wells W-36 and TL-7A 
semiannually for VOCs and field parameters to document decreasing vinyl chloride 
concentration trends 

•	 Move the location of Leach Creek surface water quality monitoring station LC-1 from 
upgradient of the north area plume to directly downgradient (within 50 ft) of well TL-7A. 
The purpose of sampling Leach Creek at this location is to provide a more representative 
monitoring location to verify that north area plume discharge is not affecting the creek. 
Samples should be collected for VOCs and field parameters.  Sampling frequency should be 
quarterly for the first year and then semiannually until north area plume concentrations meet 
the GWPS. 

•	 Shut down all EOP north area extraction wells that meet groundwater performance standards 

•	 Continue to monitor the south area plume at well TL-26A on a quarterly basis. 
Concentrations trends at this well should be the basis for further action.  Should an increasing 
concentration trend develop, consider installing an additional POC extraction well. 

•	 Shut down all EOP south area extraction wells that meet groundwater performance standards 

•	 Continued sampling north and south area monitoring wells and selected EOP extraction wells 
for VOCs. A semi-annual sampling frequency should be sufficient to determine that 
groundwater continues to meet VOC groundwater protection standards. 
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TABLE 1 Page 1 of 1 

PROFILER SAMPLE DEPTHS 
TACOMA LANDFILL 

Profiler Location NA01 NA02 NA03 NA04 NA05 NA06 NA07 NA08 SA01 SA02 SA03 SA04 

Sample Depth Below 
Ground Surface (ft) 

18.76 

26.09 

17.16 

22.14 

22.68 

35.07 

15.66 

26.55 

38.29 

43.96 

42.29 

54.22 

52.18 

60.29 

19.79 

23.25 

120.97 

125.95 

89.34 

95.95 

93.04 

100.04 

120.21 

125.52 

30.43 26.95 43.44 32.19 48.26 57.61 64.50 31.04 129.38 103.37 107.82 129.95 

34.86 34.33 48.10 37.14 53.25 60.54 70.82 34.02 134.31 109.56 115.05 137.13 

43.03 50.66 41.25 58.10 66.04 37.14 139.54 112.35 123.03 

48.01 48.89 63.25 73.09 51.16 144.47 125.97 

56.58 149.06 
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TABLE 2 Page 1 of 6 
GROUNDWATER ANALYTICAL RESULTS 

CITY OF TACOMA 

Groundwater 

Performance 

Standards 

NA01-18.76 

5/17/2005 

NA01-26.09 

5/17/2005 

NA01-30.43 

5/17/2005 

NA01-34.86 

5/17/2005 

NA02-17.16 

5/17/2005 

NA02-22.14 

5/17/2005 5/18/2005 

NA02-26.95 NA02-34.33 

5/18/2005 

NA02-43.03 

5/19/2005 

NA02-48.01 

5/19/2005 

VOLATILES (µg/L) 

Method 8260B 

1,1,1-Trichloroethane 200 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,1-Dichloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,2-Dichloroethane 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Chloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

cis-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Ethylbenzene 320 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Methylene Chloride 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Tetrachloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Toluene 175 2 U 2 U 2.2 2 U 2 U 2 U 2 U 2 U 2 U 2 U 

trans-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Trichloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Vinyl Chloride 2 0.5 U 1.3 0.5 U 0.5 U 0.7 0.5 U 0.7 1.2 1.1 1.8 

Xylenes (Total) 10 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 2 U 
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TABLE 2 Page 2 of 6 
GROUNDWATER ANALYTICAL RESULTS 

CITY OF TACOMA 

Groundwater 

Performance 

Standards 

NA03-22.68 

5/18/2005 

NA03-35.07 

5/18/2005 

NA03-43.44 

5/18/2005 

NA03-48.10 

5/19/2005 

NA03-50.66 

5/19/2005 

NA04-15.66 

5/19/2005 

NA04-26.55 

5/20/2005 

NA04-32.19 

5/20/2005 

NA04-37.14 

5/20/2005 

NA04-41.25 

5/20/2005 

NA04-48.89 

5/20/2005 

VOLATILES (µg/L) 

Method 8260B 

1,1,1-Trichloroethane 200 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,1-Dichloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,2-Dichloroethane 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Chloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

cis-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Ethylbenzene 320 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Methylene Chloride 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Tetrachloroethene 5 0.5 U 0.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Toluene 175 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  

trans-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Trichloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Vinyl Chloride 2 1 1.1 0.7 0.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Xylenes (Total) 10 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  
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GROUNDWATER ANALYTICAL RESULTS 

CITY OF TACOMA 

Groundwater 

Performance 

Standards 

NA05-38.29 

5/23/2005 

NA05-43.96 

5/23/2005 

NA05-48.26 

5/23/2005 

NA05-53.25 

5/24/2005 

NA05-58.10 

5/24/2005 

NA05-63.25 

5/24/2005 

NA06-42.29 

5/24/2005 

NA06-54.22 

5/24/2005 

NA06-57.61 

5/25/2005 

NA06-60.54 

5/25/2005 

NA06-66.04 

5/25/2005 

NA06-73.09 

5/25/2005 

VOLATILES (µg/L) 

Method 8260B 

1,1,1-Trichloroethane 200 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,1-Dichloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,2-Dichloroethane 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Chloroethane 20 0.5 U 0.8 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 0.8 0.5 U 0.5 U 0.5 U 

cis-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.6 0.6 0.6 0.5 U 0.5 U 0.5 U 0.5 U 1 0.5 

Ethylbenzene 320 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Methylene Chloride 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Tetrachloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Toluene 175 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  

trans-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Trichloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Vinyl Chloride 2 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Xylenes (Total) 10 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  
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GROUNDWATER ANALYTICAL RESULTS 

CITY OF TACOMA 

Groundwater 

Performance NA07-52.18 NA07-60.29 NA07-64.50 NA07-70.82 NA08-19.79 NA08-23.25 NA08-31.04 NA08-34.02 NA08-37.14 NA08-51.16 NA08-56.58 

Standards 5/25/2005 5/26/2005 5/26/2005 5/26/2005 6/1/2005 6/1/2005 6/1/2005 6/2/2005 6/2/2005 6/2/2005 6/2/2005 

VOLATILES (µg/L) 

Method 8260B 

1,1,1-Trichloroethane 200 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,1-Dichloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,2-Dichloroethane 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Chloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

cis-1,2-Dichloroethene 70 7.8 8.2 1.3 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Ethylbenzene 320 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Methylene Chloride 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Tetrachloroethene 5 0.5 U 0.8 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Toluene 175 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  

trans-1,2-Dichloroethene 70 3.8 5.5 1.5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 1 U 0.5 U 0.5 U 

Trichloroethene 5 0.5 U 0.9 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Vinyl Chloride 2 0.5 U 0.5 U 0.5 U 0.5 U 1.9 3.3 3.8 3.7 4.3 2.1 1.7 

Xylenes (Total) 10 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  
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TABLE 2 Page 5 of 6 
GROUNDWATER ANALYTICAL RESULTS 

CITY OF TACOMA 

Groundwater 

Performance SA01-120.97 SA01-125.95 SA01-129.38 SA01-134.31 SA01-139.54 SA01-139.54 SA01-144.47 SA01-149.06 SA02-103.37 SA02-109.56 SA02-112.35 SA02-89.34 SA02-95.95 

Standards 5/31/2005 5/31/2005 5/31/2005 5/31/2005 6/1/2005 6/1/2005 6/1/2005 6/1/2005 5/27/2005 5/27/2005 5/27/2005 5/27/2005 5/27/2005 

VOLATILES (µg/L) 

Method 8260B 

1,1,1-Trichloroethane 200 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 2.1 0.5 U 0.5 U 1.4 5.4 

1,1-Dichloroethane 20 8.4 7 5.7 2.4 1.2 1.2 0.6 1.5 11 5.4 6.7 8.2 16 

1,2-Dichloroethane 5 9.7 10 4.7 1.5 0.6 0.6 0.5 U 0.5 U 1.4 3.1 1.3 0.5 U 0.5 U 

Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Chloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

cis-1,2-Dichloroethene 70 36 23 10 3.3 1.8 1.8 0.5 U 0.5 U 1.2 3 3.6 0.5 U 0.5 U 

Ethylbenzene 320 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Methylene Chloride 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Tetrachloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 0.5 U 

Toluene 175 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  

trans-1,2-Dichloroethene 70 0.8 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Trichloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Vinyl Chloride 2 0.5 U 0.5 U 0.8 0.6 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Xylenes (Total) 10 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  
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GROUNDWATER ANALYTICAL RESULTS 

CITY OF TACOMA 

Groundwater 

Performance SA03-100.04 SA03-107.82 SA03-115.05 SA03-123.03 SA03-125.97 SA03-93.04 SA04-120.21 SA04-125.52 SA04-129.95 SA04-137.13 

Standards 6/3/2005 6/3/2005 6/3/2005 6/3/2005 6/3/2005 6/3/2005 6/7/2005 6/7/2005 6/7/2005 6/7/2005 

VOLATILES (µg/L) 

Method 8260B 

1,1,1-Trichloroethane 200 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

1,1-Dichloroethane 20 12 8.5 3.9 2.4 0.5 U 6.4 7.1 6.5 6.5 1.8 

1,2-Dichloroethane 5 2.8 3.8 2.2 1.2 0.5 U 1.4 13 7.9 7.3 1.7 

Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Chloroethane 20 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

cis-1,2-Dichloroethene 70 5.4 6.1 2.1 0.8 0.5 U 0.6 25 12 12 5.3 

Ethylbenzene 320 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Methylene Chloride 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Tetrachloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Toluene 175 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  

trans-1,2-Dichloroethene 70 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 

Trichloroethene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.6 0.5 U 0.5 U 0.5 U 0.5 U 

Vinyl Chloride 2 0.7 1.1 0.7 0.6 0.5 U 0.5 U 0.6 0.5 U 0.5 U 0.5 U 

Xylenes (Total) 10 2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  2 U  

U = Indicates the compound was undetected at the reported concentration. 

Boxed and bolded value indicates exceedance of performance criteria. 
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TABLE 3 Page 1 of 1 

GROUNDWATER VERTICAL GRADIENTS 
TACOMA LANDFILL 

Well Pair 

Measuring Point 
Elevation Well Depth 

(ft) 

Depth to Water 
(ft) 

Water Level Elevation 
(ft, NGVD) 

Depth of Screened 
Interval (ft, bgs) 

Depth to 
Screen 
Center 

(ft)(d) 

Vertical Gradient(c) 

CTD(a) NGVD(b) 14-Jul-05 05Q2 05Q1 14-Jul-05 05Q2 05Q1 Top Bottom 14-Jul-05 05Q2 05Q1 

TL-05A 220.22 206.22 19 -1.60 -1.42 -1.04 207.82 207.64 207.26 14 19 189.72 

TL-05C 220.01 206.01 38 -7.33 -6.92 -6.38 213.34 212.93 212.39 34 38 170.01 -0.280 -0.268 -0.260 

TL-08B 342.60 328.60 152 113.88 114.34 115.30 214.72 214.26 213.30 140 145 186.1 

TL-08C 342.57 328.57 182 113.15 114.57 115.34 215.42 214.00 213.23 169 174 157.07 -0.024 0.009 0.002 

TL-09A 287.56 273.56 73 61.00 61.55 62.33 212.56 212.01 211.23 52 67 214.06 

TL-09B 287.46 273.46 105 61.02 61.62 62.45 212.44 211.84 211.01 100 105 170.96 0.003 0.004 0.005 

TL-10A 283.55 269.55 63 55.24 55.75 56.60 214.31 213.80 212.95 46 61 216.05 

TL-10B 283.52 269.52 83 55.28 55.77 56.58 214.24 213.75 212.94 76 81 191.02 0.003 0.002 0.000 

TL-11A 344.09 330.09 124 115.95 115.00 117.34 214.14 215.09 212.75 105 124 215.59 

TL-11B 346.37 332.37 154 117.88 118.47 119.43 214.49 213.90 212.94 149 154 180.87 -0.010 0.034 -0.005 

TL-19A 233.09 219.09 27 19.24 15.78 17.11 199.85 203.31 201.98 11 25 201.09 

TL-19C 232.49 218.49 66 23.24 23.37 23.71 195.25 195.12 194.78 59 64 156.99 0.104 0.186 0.163 

TL-20A 241.21 227.21 33 19.79 19.69 20.82 207.42 207.52 206.39 18 33 201.71 

TL-20C 241.18 227.18 77 36.48 36.49 36.82 190.70 190.69 190.36 73 77 152.18 0.338 0.340 0.324 

TL-25A 288.85 274.85 69 60.83 61.40 62.21 214.02 213.45 212.64 59 69 210.85 

TL-25B 288.73 274.73 100 60.58 61.26 62.10 214.15 213.47 212.63 94 99 178.23 -0.004 -0.001 0.000 

TL-26A 318.36 304.36 100 92.07 92.64 93.50 212.29 211.72 210.86 90 100 209.36 

TL-26B 319.28 305.28 141 91.00 91.65 92.46 214.28 213.63 212.82 136 141 166.78 -0.047 -0.045 -0.046 

(a) CTD denotes "old City of Tacoma datum 

(b) NGVD 1929 = CTD -14 ft 

(c) Positive gradient value is downwards 

(d) Ground surface elevation assumed to be the same for each well within a pair 
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TABLE 4 Page 1 of 1 

NORTH AREA
 
WATERLOO PROFILER STATISTICS IN NORTH AREA
 

TACOMA LANDFILL
 

1,1,1­
Trichloroethane 1,1-Dichloroethane 

1,2­
Dichloroethane Benzene Chloroethane 

cis-1,2­
Dichloroethene Ethylbenzene 

Groundwater Performance Standards (ug/L) 

Number of Samples: 

Number of Detects: 

Frequency of Detection: 

Minimum Reporting Limit: 

Maximum Reporting Limit: 

Minimum Detection: 

Maximum Detection: 

# of detects above GW performance standard: 

% detects above GW performance standard: 

200 

44 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

Methylene Chloride 

20 

44 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

Tetrachloroethene 

5 

44 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

Toluene 

5 

44 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

trans-1,2­
Dichloroethene 

20 

44 

3 

7% 

0.5 

0.5 

0.5 

0.8 

0 

0 

Trichloroethene 

70 

44 

8 

18% 

0.5 

0.5 

0.6 

8.2 

0 

0 

Vinyl Chloride 

320 

44 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

Xylenes (Total) 

Groundwater Performance Standards (ug/L) 

Number of Samples: 

Number of Detects: 

Frequency of Detection: 

Minimum Reporting Limit: 

Maximum Reporting Limit: 

Minimum Detection: 

Maximum Detection: 

# of detects above GW performance standard: 

% detects above GW performance standard: 

5 

44 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

5 

44 

2 

5% 

0.5 

0.5 

0.6 

0.8 

0 

0 

175 

44 

1 

2% 

2 

2 

2.2 

2.2 

0 

0 

70 

44 

3 

7% 

0.5 

1 

1.5 

5.5 

0 

0 

5 

44 

1 

2% 

0.5 

0.5 

0.9 

0.9 

0 

0 

2 

44 

17 

39% 

0.5 

0.5 

0.6 

4.3 

5 

29% 

10 

44 

0 

0% 

2 

2 

No Detects 

No Detects 

0 

0
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SOUTH AREA
 
WATERLOO PROFILER STATISTICS IN SOUTH AREA
 

TACOMA LANDFILL
 

1,1,1­
Trichloroethane 1,1-Dichloroethane 

1,2­
Dichloroethane Benzene Chloroethane 

cis-1,2­
Dichloroethene Ethylbenzene 

Groundwater Performance Standards (ug/L) 

Number of Samples: 

Number of Detects: 

Frequency of Detection: 

Minimum Reporting Limit: 

Maximum Reporting Limit: 

Minimum Detection: 

Maximum Detection: 

# of detects above GW performance standard: 

% detects above GW performance standard: 

200 

24 

3 

13% 

0.5 

0.5 

1.4 

5.4 

0 

0 

Methylene Chloride 

20 

24 

22 

92% 

0.5 

0.5 

0.6 

16 

0 

0 

Tetrachloroethene 

5 

24 

18 

75% 

0.5 

0.5 

0.6 

13 

5 

28% 

Toluene 

5 

24 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

trans-1,2­
Dichloroethene 

20 

24 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

Trichloroethene 

70 

24 

18 

75% 

0.5 

0.5 

0.6 

36 

0 

0 

Vinyl Chloride 

320 

24 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

Xylenes (Total) 

Groundwater Performance Standards (ug/L) 

Number of Samples: 

Number of Detects: 

Frequency of Detection: 

Minimum Reporting Limit: 

Maximum Reporting Limit: 

Minimum Detection: 

Maximum Detection: 

# of detects above GW performance standard: 

% detects above GW performance standard: 

5 

24 

0 

0% 

0.5 

0.5 

No Detects 

No Detects 

0 

0 

5 

24 

1 

4% 

0.5 

0.5 

0.5 

0.5 

0 

0 

175 

24 

0 

0% 

2 

2 

No Detects 

No Detects 

0 

0 

70 

24 

1 

4% 

0.5 

0.5 

0.8 

0.8 

0 

0 

5 

24 

1 

4% 

0.5 

0.5 

0.6 

0.6 

0 

0 

2 

24 

7 

29% 

0.5 

0.5 

0.6 

1.1 

0 

0 

10 

24 

0 

0% 

2 

2 

No Detects 

No Detects 

0 

0 
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GENERAL GROUNDWATER QUALITY DATA 
TACOMA LANDFILL 

Profiler 
Location 

Sample 
Depth (ft) 

SC 
(µS/cm) 

DO 
(PPM) 

pH ORP 
(mV) 

North Area 

NA01 18.76 984 5.35 6.84 -40 
NA01 26.09 823 5.68 6.86 -24 
NA01 30.43 1068 5.26 6.77 -11 
NA01 34.86 1159 3.66 6.71 -46 

NA02 17.16 622 1.02 6.39 -52 
NA02 22.14 793 1.54 6.20 -7 
NA02 26.95 859 3.81 6.67 -30 
NA02 34.33 846 5.14 6.88 4 
NA02 43.03 756 3.76 7.55 15 
NA02 48.01 769 4.45 7.44 34 

NA03 22.68 476 3.56 6.75 -30 
NA03 35.07 407 5.62 6.99 15 
NA03 43.44 497 5.14 7.29 20 
NA03 48.10 568 3.02 7.03 3 
NA03 50.66 387 5.12 7.32 20 

NA04 15.66 277 6.58 7.87 63 
NA04 26.55 184 6.55 7.99 35 
NA04 32.19 255 6.34 7.60 63 
NA04 37.14 235 5.48 7.29 67 
NA04 41.25 510 1.79 6.48 97 
NA04 48.89 535 4.30 6.66 92 

NA05 38.29 292 3.30 5.96 108 
NA05 43.96 495 0.48 6.07 55 
NA05 48.26 518 2.51 6.65 46 
NA05 53.25 420 1.80 6.97 -162 
NA05 58.10 579 0.10 6.79 -255 
NA05 63.25 583 0.45 6.56 -214 

NA06 42.29 301 2.01 6.16 -122 
NA06 54.22 393 0.87 6.40 -183 
NA06 57.61 553 0.22 6.45 -179 
NA06 60.54 429 0.67 6.67 -158 
NA06 66.04 543 0.72 6.56 -135 
NA06 73.09 544 0.80 6.69 -158 

NA07 52.18 345 1.68 6.62 -131 
NA07 60.29 607 2.60 6.92 -117 
NA07 64.50 405 5.61 7.25 -81 
NA07 70.82 531 3.53 6.91 -104 

NA08 19.79 630 4.35 6.56 1 
NA08 23.25 682 4.72 6.92 -41 
NA08 31.04 883 4.92 7.55 64 
NA08 34.02 882 4.68 7.91 61 
NA08 37.14 864 2.69 7.41 6 
NA08 51.16 811 5.00 7.50 87 
NA08 56.58 958 3.37 7.42 86 
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GENERAL GROUNDWATER QUALITY DATA 
TACOMA LANDFILL 

Profiler 
Location 

Sample 
Depth (ft) 

SC 
(µS/cm) 

DO 
(PPM) 

pH ORP 
(mV) 

South Area 
SA01 120.97 521 0.40 NA -328 
SA01 125.95 559 0.22 NA -139 
SA01 129.38 586 0.15 NA -235 
SA01 134.31 362 1.96 NA -83 
SA01 139.54 331 1.61 NA -115 
SA01 144.47 289 0.58 7.24 156 
SA01 149.06 489 0.59 6.91 75 

SA02 89.34 464 2.45 6.41 -98 
SA02 95.95 467 0.75 6.25 -137 
SA02 103.37 493 1.26 6.60 -121 
SA02 109.56 298 1.22 7.25 -147 
SA02 112.35 378 1.20 6.98 -134 

SA03 93.04 479 2.34 6.54 81 
SA03 100.04 416 0.53 6.52 84 
SA03 107.82 419 1.41 6.63 99 
SA03 115.05 399 0.77 6.78 103 
SA03 123.03 414 2.48 7.08 98 
SA03 125.97 282 2.98 7.92 82 

SA04 120.21 338 2.21 6.93 97 
SA04 125.52 300 0.59 6.83 152 
SA04 129.95 312 0.30 7.16 57 
SA04 137.13 288 0.66 7.24 116 
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MAXIMUM HISTORICAL VINYL CHLORIDE CONCENTRATIONS 
TACOMA LANDFILL 

Well 
Concentration 

(μg/L) 
Sample 

Date 

Private Wells 
EW-12 ND 6/19/1985 
EW-13 ND 6/19/1985 
EW-15 1.0 3/7/1989 

TLF Monitoring and 
Performance Wells 

P-07 ND 2/8/1993 
P-08 (TL-07C) 5.0 6/17/1987 

TL-10A 48.0 11/9/1988 
TL-10B 80.0 3/6/1987 
TL-10C 6.0 11/6/1991 
TL-10D 3.0 11/4/1992 
TL-25A ND 11/28/1995 
TL-25B ND 11/28/1995 
TL-7A 10.0 7/31/1995 

POC Extraction Wells 

W-10 0.5 3/4/1996 
W-15 8.4 11/1/1999 
W-35 ND 3/5/1996 
W-36 7.3 9/2/1997 
W-37 1.2 3/4/1996 
W-38 ND 11/18/2003 
W-42 1.4 3/4/1997 
W-43 0.8 9/3/1997 

Note: ND = Not Detect 
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RECENT VINYL CHLORIDE CONCENTRATIONS 
TACOMA LANDFILL 

Well 
Sample Depth Below 
Ground Surface (ft) 

Concentration 
(μg/L) 

Sample 
Date 

Private Wells 
EW-12 NA ND 1/31/2005 
EW-13 NA ND 1/31/2005 
EW-15 NA ND 5/6/1992 

TLF Monitoring and 
Performance Wells 

P-07 NA ND 2/16/2005 
P-08 (TL-07C) NA 1.20 2/16/2005 

TL-10A NA ND 2/11/2005 
TL-10B NA ND 2/11/2005 
TL-10C NA ND 2/11/2005 
TL-10D NA 1.30 2/28/1996 
TL-25A NA ND 2/14/2005 
TL-25B NA ND 2/14/2005 
TL-7A NA 3.70 2/16/2005 

POC Extraction Wells 

W-10 NA ND 2/23/2005 
W-15 NA 3.20 2/23/2005 
W-35 NA ND 8/15/1996 
W-36 NA 2.20 2/16/2005 
W-37 NA ND 2/14/2005 
W-38 NA ND 2/14/2005 
W-42 NA ND 2/16/2005 
W-43 NA 0.70 2/14/2005 

EOP Characterization 
Profiled Boreholes -

North Area 

NA01 18.76 ND 5/17/2005 
NA01 26.09 1.30 5/17/2005 
NA01 30.43 ND 5/17/2005 
NA01 34.86 ND 5/17/2005 
NA02 17.16 0.70 5/19/2005 
NA02 22.14 ND 5/19/2005 
NA02 26.95 0.70 5/19/2005 
NA02 34.33 1.20 5/19/2005 
NA02 43.03 1.10 5/19/2005 
NA02 48.01 1.80 5/19/2005 
NA03 22.68 1.00 5/19/2005 
NA03 35.07 1.10 5/19/2005 
NA03 43.44 0.70 5/19/2005 
NA03 48.10 0.60 5/19/2005 
NA03 50.66 ND 5/19/2005 
NA04 15.66 ND 5/20/2005 
NA04 26.55 ND 5/20/2005 
NA04 32.19 ND 5/20/2005 
NA04 37.14 ND 5/20/2005 
NA04 41.25 ND 5/20/2005 
NA04 48.89 ND 5/20/2005 
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RECENT VINYL CHLORIDE CONCENTRATIONS 
TACOMA LANDFILL 

Well 
Sample Depth Below 
Ground Surface (ft) 

Concentration 
(μg/L) 

Sample 
Date 

EOP Characterization 
Profiled Boreholes -

North Area 

NA05 38.29 ND 5/24/2005 
NA05 43.96 ND 5/24/2005 
NA05 48.26 ND 5/24/2005 
NA05 53.25 ND 5/24/2005 
NA05 58.10 ND 5/24/2005 
NA05 63.25 ND 5/24/2005 
NA06 42.29 ND 5/25/2005 
NA06 54.22 ND 5/25/2005 
NA06 57.61 ND 5/25/2005 
NA06 60.54 ND 5/25/2005 
NA06 66.04 ND 5/25/2005 
NA06 73.09 ND 5/25/2005 
NA07 52.18 ND 5/26/2005 
NA07 60.29 ND 5/26/2005 
NA07 64.50 ND 5/26/2005 
NA07 70.82 ND 5/26/2005 
NA08 19.79 1.90 6/2/2005 
NA08 23.25 3.30 6/2/2005 
NA08 31.04 3.80 6/2/2005 
NA08 34.02 3.70 6/2/2005 
NA08 37.14 4.30 6/2/2005 
NA08 51.16 2.10 6/2/2005 
NA08 56.58 1.70 6/2/2005 

Note: ND = Not Detect
 

NA: Not applicable, depths provided for profiler samples only.
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SOUTH AREA
 
MAXIMUM HISTORICAL 1,2- DICHLOROETHANE CONCENTRATIONS
 

TACOMA LANDFILL
 

Well 
Concentration 

(μg/L) 
Sample 

Date 

Private Well EW-09 7.00 11/2/1992 

TLF Monitoring and 
Performance Wells 

P-02 ND 2/10/1993 
P-05 ND 2/8/1993 
P-06 ND 2/8/1993 
P-3/4 7.00 5/10/1994 

TL-09A ND 10/23/1986 
TL-09B 8.00 2/10/1993 
TL-11A 20.00 9/25/1987 
TL-11B 11.00 8/27/1991 
TL-11D ND 9/25/1987 
TL-19A ND 11/30/1989 
TL-19C 3.40 3/6/1997 
TL-20A ND 12/13/1989 
TL-20C 4.50 2/10/2004 
TL-25A ND 11/28/1995 
TL-25B ND 11/28/1995 
TL-26A 18.00 5/24/2000 
TL-26B 2.30 11/13/2000 

POC Extraction Wells 

W-01 ND 3/4/1996 
W-05 20.00 3/4/1996 
W-31 2.40 2/17/1998 
W-32 3.20 9/2/1997 
W-33 0.80 8/15/1996 
W-34 ND 3/5/1996 

Note: ND = Not Detect 
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RECENT 1,2-DICHLOROETHANE CONCENTRATIONS 
TACOMA LANDFILL 

Well 
Sample Depth 
Below Ground 

Surface (ft) 

Concentration 
(μg/L) 

Sample 
Date 

Private Well EW-09 NA 0.80 2/23/2005 

Performance Monitoring Wells 

P-02 NA ND 3/30/2005 
P-05 NA ND 2/16/2005 
P-06 NA ND 2/16/2005 
P-3/4 NA 3.50 3/30/2005 

TLF Monitoring and 
Performance Wells 

TL-09A NA ND 2/11/2005 
TL-09B NA 1.30 2/11/2005 
TL-11A NA ND 2/17/2005 
TL-11B NA ND 2/17/2005 
TL-11D NA ND 11/30/1995 
TL-19A NA ND 2/16/2005 
TL-19C NA ND 2/16/2005 
TL-20A NA ND 2/26/1996 
TL-20C NA 4.10 2/15/2005 
TL-25A NA ND 2/14/2005 
TL-25B NA ND 2/14/2005 
TL-26A NA 9.30 2/22/2005 
TL-26B NA 1.50 2/22/2005 

POC Extraction Wells 

W-01 NA ND 2/23/2005 
W-02 NA ND 11/8/2005 
W-03 NA 0.60 11/8/2005 
W-04 NA 0.80 11/8/2005 
W-05 NA 3.60 2/23/2005 
W-31 NA 1.40 2/15/2005 
W-32 NA 1.80 2/16/2005 
W-33 NA ND 2/16/2005 
W-34 NA ND 8/15/1996 

EOP Characterization Profiled 
Boreholes - South Area 

SA01 120.97 9.70 6/1/2005 
SA01 125.95 10.00 6/1/2005 
SA01 129.38 4.70 6/1/2005 
SA01 134.31 1.50 6/1/2005 
SA01 139.54 0.60 6/1/2005 
SA01 144.47 ND 6/1/2005 
SA01 149.06 ND 6/1/2005 
SA02 89.34 ND 5/27/2005 
SA02 95.95 ND 5/27/2005 
SA02 103.37 1.40 5/27/2005 
SA02 109.56 3.10 5/27/2005 
SA02 112.35 1.30 5/27/2005 
SA03 93.04 1.40 6/3/2005 
SA03 100.04 2.80 6/3/2005 
SA03 107.82 3.80 6/3/2005 
SA03 115.05 2.20 6/3/2005 
SA03 123.03 1.20 6/3/2005 
SA03 125.97 ND 6/3/2005 
SA04 120.21 13.00 6/7/2005 
SA04 125.52 7.90 6/7/2005 
SA04 129.95 7.30 6/7/2005 
SA04 137.13 1.70 6/7/2005 

Note: ND = Not Detect
 
NA = Not applicable, depths provided for profiler samples only.
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Stone Environmental, Inc.
 Waterloo Profilertm Data Presentation 



 
 
 
 
 
 
 
 

 
VOC Data 
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P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ N A 0 1 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   N A 0 1 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
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N A 0 1 
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D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
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D a t e s   S a m p l e d   :   5 / 1 7 / 2 0 0 5   -   5 / 1 9 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 2 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 
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P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ N A 0 3 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   N A 0 3 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   5 / 1 8 / 2 0 0 5   -   5 / 1 9 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 3 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 



- 1 0 0

- 9 0

- 8 0

- 7 0

- 6 0

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0

De
pth

 (ft)

 

I n d e x  o f  H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s )

De
pth

 (ft)

  

V i n y l
C h l o r i d e

t r a n s - D i c h l o r o e t h e n e

 

 

 

 

c i s - D i c h l o r o e t h e n e
0 . 1 1 1 0 1 0 0

  

T r i c h l o r o e t h e n e
0 . 1 1 1 0 1 0 0

- 1 0 0

- 9 0

- 8 0

- 7 0

- 6 0

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

  
T e t r a c h l o r o e t h e n e

S o u r c e :  S E I  g r o u n d w a t e r  q u a l i t y  p r o f i l i n g  d a t a  
P a t h :   O : \ P r o j - 0 5 \ 1 6 1 7 - R  L a n d a u  -  T a c o m a  W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ N A 0 4 . o p j
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F I G U R E   N A 0 5 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   5 / 2 3 / 2 0 0 5   -   5 / 2 4 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 5 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 
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P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ N A 0 6 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   N A 0 6 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   5 / 2 4 / 2 0 0 5   -   5 / 2 5 / 2 0 0 5
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D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 



- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 

D e 
p t h 

  ( f t ) 

  

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

V i n y l
C h l o r i d e 

t r a n s - D i c h l o r o e t h e n e 

  

  

  

  

c i s - D i c h l o r o e t h e n e 
0 . 1 1 1 0 1 0 0 

    

T r i c h l o r o e t h e n e 
0 . 1 1 1 0 1 0 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

    
T e t r a c h l o r o e t h e n e 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ N A 0 7 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   N A 0 7 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   5 / 2 5 / 2 0 0 5   -   5 / 2 6 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 7 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 



- 1 0 0

- 9 0

- 8 0

- 7 0

- 6 0

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0

De
pth

 (ft)

 

I n d e x  o f  H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s )

De
pth

 (ft)

  

V i n y l
C h l o r i d e

t r a n s - D i c h l o r o e t h e n e

 

 

 

 

c i s - D i c h l o r o e t h e n e
0 . 1 1 1 0 1 0 0

  

T r i c h l o r o e t h e n e
0 . 1 1 1 0 1 0 0

- 1 0 0

- 9 0

- 8 0

- 7 0

- 6 0

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

  
T e t r a c h l o r o e t h e n e

S o u r c e :  S E I  g r o u n d w a t e r  q u a l i t y  p r o f i l i n g  d a t a  
P a t h :   O : \ P r o j - 0 5 \ 1 6 1 7 - R  L a n d a u  -  T a c o m a  W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ N A 0 8 . o p j
D a t e :   6 / 2 8 / 0 5  a c g

F I G U R E  N A 0 8 ,  I K  R E C O R D  A N D  S E L E C T  V O C  D A T A
D a t e s  S a m p l e d  :  6 / 1 / 2 0 0 5  -  6 / 2 / 2 0 0 5
L a n d a u  A s s o c i a t e s  /  T a c o m a ,  W A

N A 0 8

A l l  r e s u l t s  g i v e n  a s  u g / L .
D e t e c t s  n o t e d  b y  f i l l e d  s y m b o l s .
N o n - d e t e c t s  a r e  n o t e d  b y  o p e n  s y m b o l s  a t  t h e  d e t e c t i o n  l i m i t .



- 1 5 0 

- 1 4 0 

- 1 3 0 

- 1 2 0 

- 1 1 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 

D e 
p t h 

  ( f t ) 

  

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

V i n y l
C h l o r i d e 

t r a n s - D i c h l o r o e t h e n e 

  

  

  

  

c i s - D i c h l o r o e t h e n e 
0 . 1 1 1 0 1 0 0 

    

1 , 2 - D i c h l o r o e t h a n e 
0 . 1 1 1 0 1 0 0 

- 1 5 0 

- 1 4 0 

- 1 3 0 

- 1 2 0 

- 1 1 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

    
1 , 1 - D i c h l o r o e t h a n e 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ S A 0 1 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   S A 0 1 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   5 / 3 1 / 2 0 0 5   -   6 / 1 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

S A 0 1 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 



- 1 5 0 

- 1 4 0 

- 1 3 0 

- 1 2 0 

- 1 1 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 

D e 
p t h 

  ( f t ) 

  

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

V i n y l
C h l o r i d e 

t r a n s - D i c h l o r o e t h e n e 

  

  

  

  

c i s - D i c h l o r o e t h e n e 
0 . 1 1 1 0 1 0 0 

    

1 , 2 - D i c h l o r o e t h a n e 
0 . 1 1 1 0 1 0 0 

- 1 5 0 

- 1 4 0 

- 1 3 0 

- 1 2 0 

- 1 1 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

    
1 , 1 - D i c h l o r o e t h a n e 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ S A 0 2 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   S A 0 2 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   5 / 2 6 / 2 0 0 5   -   5 / 2 7 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

S A 0 2 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 



- 1 5 0 

- 1 4 0 

- 1 3 0 

- 1 2 0 

- 1 1 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 

D e 
p t h 

  ( f t ) 

  

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

V i n y l
C h l o r i d e 

t r a n s - D i c h l o r o e t h e n e 

  

  

  

  

c i s - D i c h l o r o e t h e n e 
0 . 1 1 1 0 1 0 0 

    

1 , 2 - D i c h l o r o e t h a n e 
0 . 1 1 1 0 1 0 0 

- 1 5 0 

- 1 4 0 

- 1 3 0 

- 1 2 0 

- 1 1 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

    
1 , 1 - D i c h l o r o e t h a n e 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ S A 0 3 . o p j
D a t e :     6 / 2 8 / 0 5   a c g 

F I G U R E   S A 0 3 ,   I K   R E C O R D   A N D   S E L E C T   V O C   D A T A 
D a t e s   S a m p l e d   :   0 6 / 0 3 / 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

S A 0 3 

A l l   r e s u l t s   g i v e n   a s   u g / L .
D e t e c t s   n o t e d   b y   f i l l e d   s y m b o l s .
N o n - d e t e c t s   a r e   n o t e d   b y   o p e n   s y m b o l s   a t   t h e   d e t e c t i o n   l i m i t . 



- 1 5 0

- 1 4 0

- 1 3 0

- 1 2 0

- 1 1 0

- 1 0 0

- 9 0

- 8 0

- 7 0

- 6 0

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

0 1 2 3 4 5 6 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0 0 . 1 1 1 0 1 0 0

De
pth

 (ft)

 

I n d e x  o f  H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s )

De
pth

 (ft)

  

V i n y l
C h l o r i d e

t r a n s - D i c h l o r o e t h e n e

 

 

 

 

c i s - D i c h l o r o e t h e n e
0 . 1 1 1 0 1 0 0

  

1 , 2 - D i c h l o r o e t h a n e
0 . 1 1 1 0 1 0 0

- 1 5 0

- 1 4 0

- 1 3 0

- 1 2 0

- 1 1 0

- 1 0 0

- 9 0

- 8 0

- 7 0

- 6 0

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

  
1 , 1 - D i c h l o r o e t h a n e

S o u r c e :  S E I  g r o u n d w a t e r  q u a l i t y  p r o f i l i n g  d a t a  
P a t h :   O : \ P r o j - 0 5 \ 1 6 1 7 - R  L a n d a u  -  T a c o m a  W A \ D a t a \ A n a l y t i c a l \ O r i g i n \ V O C C h e m _ S A 0 4 . o p j
D a t e :   6 / 2 8 / 0 5  a c g

F I G U R E  S A 0 4 ,  I K  R E C O R D  A N D  S E L E C T  V O C  D A T A
D a t e s  S a m p l e d  :  6 / 6 / 2 0 0 5  -  6 / 7 / 2 0 0 5
L a n d a u  A s s o c i a t e s  /  T a c o m a ,  W A

S A 0 4

A l l  r e s u l t s  g i v e n  a s  u g / L .
D e t e c t s  n o t e d  b y  f i l l e d  s y m b o l s .
N o n - d e t e c t s  a r e  n o t e d  b y  o p e n  s y m b o l s  a t  t h e  d e t e c t i o n  l i m i t .



 
 
 
 
 
 
 
 

 
 

Physical-Chemical Parameters 




- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 - 5 - 1 0 - 1 5 - 2 0 - 2 5 0 3 0 0 6 0 0 9 0 0 1 2 0 0 0 2 4 6 8 1 0 

D e p t h   ( f t )   

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

D e p t h   t o
P o t e n t i a m e t r i c

S u r f a c e
( f t ) 

S p e c i f i c
C o n d u c t a n c e

( u S / c m ) 

  

  

  

  

D i s s o l v e d
O x y g e n
( p p m ) 

4 5 6 7 8 9 1 0 

    

p H 
- 3 0 0 - 1 5 0 0 1 5 0 3 0 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0
  

   

O x i d a t i o n / R e d u c t i o n
P o t e n t i a l

( m V ) 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 1 . o p j
D a t e :     5 / 1 7 / 0 5   d j l 

F I G U R E   N A 0 1 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 1 7 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 1 



- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 - 5 - 1 0 - 1 5 - 2 0 - 2 5 0 3 0 0 6 0 0 9 0 0 1 2 0 0 0 2 4 6 8 1 0 

D e p t h   ( f t )   

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

D e p t h   t o
P o t e n t i a m e t r i c

S u r f a c e
( f t ) 

S p e c i f i c
C o n d u c t a n c e

( u S / c m ) 

  

  

  

  

D i s s o l v e d
O x y g e n
( p p m ) 

4 5 6 7 8 9 1 0 

    

p H 
- 3 0 0 - 1 5 0 0 1 5 0 3 0 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0
  

   

O x i d a t i o n / R e d u c t i o n
P o t e n t i a l

( m V ) 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 2 . o p j
D a t e :     5 / 2 3 / 0 5   d j l 

F I G U R E   N A 0 2 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 1 7 / 2 0 0 5 - 5 / 1 9 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 2 

- 4 2 . 2 3     T r i e d   t o   p u l l   s a m p l e ,   f o r m a t i o n   t o o   t i g h t . 



- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 - 5 - 1 0 - 1 5 - 2 0 - 2 5 0 3 0 0 6 0 0 9 0 0 1 2 0 0 0 2 4 6 8 1 0 

D e p t h   ( f t )   

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

D e p t h   t o
P o t e n t i a m e t r i c

S u r f a c e
( f t ) 

S p e c i f i c
C o n d u c t a n c e

( u S / c m ) 

  

  

  

  

D i s s o l v e d
O x y g e n
( p p m ) 

4 5 6 7 8 9 1 0 

    

p H 
- 3 0 0 - 1 5 0 0 1 5 0 3 0 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0
  

   

O x i d a t i o n / R e d u c t i o n
P o t e n t i a l

( m V ) 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 3 . o p j
D a t e :     5 / 1 7 / 0 5   d j l 

F I G U R E   N A 0 3 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 1 8 / 2 0 0 5 - 5 / 1 9 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 3 

- 4 3 . 4 4     T r i e d   t o   p u l l   s a m p l e ,   f o r m a t i o n   t o o   t i g h t . 



- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 - 5 - 1 0 - 1 5 - 2 0 - 2 5 0 3 0 0 6 0 0 9 0 0 1 2 0 0 0 2 4 6 8 1 0 

D e p t h   ( f t )   

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) 

    

D e p t h   t o
P o t e n t i a m e t r i c

S u r f a c e
( f t ) 

S p e c i f i c
C o n d u c t a n c e

( u S / c m ) 

  

  

  

  

D i s s o l v e d
O x y g e n
( p p m ) 

4 5 6 7 8 9 1 0 

    

p H 
- 3 0 0 - 1 5 0 0 1 5 0 3 0 0 

- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0
  

   

O x i d a t i o n / R e d u c t i o n
P o t e n t i a l

( m V ) 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 4 . o p j
D a t e :     5 / 2 0 / 0 5   d j l 

F I G U R E   N A 0 4 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 1 9 / 2 0 0 5 - 5 / 2 0 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 4 

- 3 0 . 9 0     T r i e d   t o   p u l l   s a m p l e ,   f o r m a t i o n   t o o   t i g h t . 

- 4 7 . 3 1     T r i e d   t o   p u l l   s a m p l e ,   f o r m a t i o n   t o o   t i g h t . 



- 1 0 0 

- 9 0 

- 8 0 

- 7 0 

- 6 0 

- 5 0 

- 4 0 

- 3 0 

- 2 0 

- 1 0 

0 

0 1 2 3 4 5 6 0 - 5 - 1 0 - 1 5 - 2 0 - 2 5 0 3 0 0 6 0 0 9 0 0 1 2 0 0 0 2 4 6 8 1 0 

D e p t h   ( f t )   

I n d e x   o f   H y d r a u l i c
C o n d u c t i v i t y

( u n i t l e s s ) 

D e 
p t h 

  ( f t ) D e p t h   t o
W a t e r :

3 2 . 2 ’   b g s     

D e p t h   t o
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O x i d a t i o n / R e d u c t i o n
P o t e n t i a l
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S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 5 . o p j
D a t e :     5 / 2 4 / 0 5   d j l 

F I G U R E   N A 0 5 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 2 3 / 2 0 0 5 - 5 / 2 4 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 5 
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P o t e n t i a l
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S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 6 . o p j
D a t e :     5 / 2 5 / 0 5   d j l 

F I G U R E   N A 0 6 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 2 4 / 2 0 0 5 - 5 / 2 5 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 
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S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 7 . o p j
D a t e :     5 / 2 6 / 0 5   d j l 

F I G U R E   N A 0 7 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   5 / 2 5 / 2 0 0 5 - 5 / 2 6 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 7 
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S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   N A 0 8 . o p j
D a t e :     6 / 2 / / 0 5   d j l 

F I G U R E   N A 0 8 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   6 / 1 / 2 0 0 5 - 6 / 2 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

N A 0 8 

- 4 7 . 4 0     T r i e d   t o   p u l l   s a m p l e ,   f o r m a t i o n   t o o   t i g h t . 
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P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   S A 0 1 . o p j
D a t e :     6 / 1 / 0 5   d j l 

F I G U R E   S A 0 1 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
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P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   S A 0 3 . o p j
D a t e :     6 / 3 / 0 5   d j l 
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W a t e r :

1 1 2 ’   b g s 

S o u r c e :   S E I   g r o u n d w a t e r   q u a l i t y   p r o f i l i n g   d a t a  
P a t h :     O : \ P r o j - 0 5 \ 1 6 1 7 - R   L a n d a u   -   T a c o m a   W A \ D a t a \ p r o f i l i n g \ o r i g n   p l o t s \ P h y s C h e m   S A 0 4 . o p j
D a t e :     6 / 8 / 0 5   d j l 

F I G U R E   S A 0 4 ,   I K   R E C O R D   A N D   P H Y S I C O - C H E M I C A L   P A R A M E T E R S
D a t e s   S a m p l e d   :   6 / 7 / 2 0 0 5
L a n d a u   A s s o c i a t e s   /   T a c o m a ,   W A 

S A 0 4 
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Checklist of Standard Elements for Significant Guidance Documents 

�	 Title Planning for Natural Disaster Debris Guidance 

�	 Document ID Number EPA530-K-08-001 

�	 Issuing Office or Offices Office of Solid Waste and Emergency Response/Office of Solid 
Waste 

�	 Applicable Activity(ties) EPA’s goal is to update the previous 1995 Planning document 
“Planning for Disaster Debris” with current information (e.g., consistent with FEMA and 
States) and to stress more environmental protectiveness.  This guidance document, based on 
experience of communities, discusses the management of debris from natural disasters, such 
as hurricanes, earthquakes, tornados, floods, wildfires, and winter storms.  This document is 
intended to help a planner in the beginning stages of the planning process or to assist a 
planner in revising an existing disaster debris management plan.  It provides planners with 
more awareness for environmental protectiveness when it comes to dealing with disaster 
debris. 

�	 Affected Entities or Persons Local communities (including cities, counties, tribes, etc.); 
local governments (emergency responders); states (solid waste, agricultural and public 
health agencies); other federal agencies responding to natural disasters; EPA regions; solid 
waste management industry; and the general public. 

�	 Applicable Statute or Regulation Resource Conservation and Recovery Act (RCRA); 40 
CFR parts 257 and 258 

�	 Disclaimer This document is not a regulation. It does not change or substitute for any legal 
requirement. This document is not a rule, is not legally enforceable, and does not confer 
legal rights or impose legal requirements upon any member of the public, States, or any 
other Federal agency. The word “should” in this manual does not connote a requirement, 
but rather indicates EPA’s recommended approach. 

�	 Issuance date and use March 2008 
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Planning for Natural Disaster Debris 

About This Document
 

•	 This document is an update of “Planning for Disaster Debris” published by the U.S. 
Environmental Protection Agency (EPA) in 1995 (document EPA530-K-95-010).   

•	 This document is designed for local communities (including cities, counties, tribes, etc.) who 
are encouraged to create disaster debris management plans.  Information is included on: 

o	 Recommended components of a disaster debris management plan. 
o	 Management options for various debris streams that might be found after a natural 

disaster. 
o	 A collection of case studies that highlights how several communities prepared for 

and managed debris generated by recent natural disasters.  
o	 Federal, state, and local resources to consult in planning for natural disasters.  

•	 This document discusses the management of debris from natural disasters, such as 
hurricanes, earthquakes, tornadoes, volcanoes, floods, wildfires, and winter storms.  It does 
not discuss the management of debris from deliberate or planned incidents of national 
significance. 

•	 This document does not, however, provide all the information a planner will need to write 
a debris management plan. To do so, communities will need input from neighboring 
communities, state officials, local contractors, and a variety of local agencies. In general, only 
federal regulations are discussed in this document, where applicable.  State and local 
governments may have more stringent regulatory requirements.  State and local officials 
should be consulted to ensure compliance with those regulations.  The information in this 
document is subject to change as federal regulations and recommendations change as new 
information becomes available. 

•	 Additional resources: 

o	 EPA’s Disaster Debris website: 

http://www.epa.gov/epaoswer/non-hw/debris-new/disaster.htm. 


o	 EPA regional offices and state environmental agencies can provide additional 
guidance. Contact information can be found at: 
http://www.epa.gov/epahome/whereyoulive.htm. 

o	 The Federal Emergency Management Agency’s (FEMA) “Public Assistance: Debris 
Management Guide” (publication 325) was updated in July 2007.  It should be 
consulted, especially to help ensure a debris management plan will be eligible for 
public assistance from the federal government, when applicable.  This guide can be 
found on FEMA’s website at: 
http://www.fema.gov/pdf/government/grant/pa/demagde.pdf. 

o	 FEMA has the same regional designations as EPA; their contact information can be 
found at: http://www.fema.gov/about/regions/index.shtm. 

o	 FEMA's Emergency Management Institute (EMI) has several courses on debris 
management, incident command, recovery operations, mitigation, and other topics 
of interest.  A complete listing of EMI's training courses can be found at: 
http://training.fema.gov. 

ii 

http://www.epa.gov/epaoswer/non-hw/debris-new/disaster.htm
http://www.epa.gov/epahome/whereyoulive.htm
http://www.fema.gov/pdf/government/grant/pa/demagde.pdf
http://www.fema.gov/about/regions/index.shtm
http://training.fema.gov/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Planning for Natural Disaster Debris 

“Every disaster is different, but a plan will give you a place to start.” – Marc Bruner, Solid Waste 
Authority of Palm Beach County 

“Disasters are come-as-you-are battles.  Having a plan will make you more prepared when the battle 
comes.” – John Rogers, Louisiana Department of Environmental Quality 

This document is not a regulation.  It does not change or substitute for any legal 
requirement. This document is not a rule, is not legally enforceable, and does not confer 
legal rights or impose legal requirements upon any member of the public, States, or any 
other Federal agency. The word “should” in this manual does not connote a requirement but 
rather indicates EPA’s recommended approach. 

This document references non-EPA web sites. These external links provide additional 
information that may be useful or interesting and are being provided consistent with the 
intended purpose of this document.  However, EPA cannot attest to the accuracy of 
information provided by these links. Providing links to non-EPA web sites does not 
constitute an endorsement by EPA or any of its employees of the sponsors of the sites or 
the information or products presented on the sites. 

Cover photographs (from the top):  debris field in Greensburg, Kansas after the 2007 tornado; metal 
separated for recycling in Mississippi after Hurricane Katrina (courtesy of the Department of 
Environmental Engineering Sciences at the University of Florida); vegetative debris mulching operation in 
Louisiana after Hurricane Katrina (also courtesy of the Department of Environmental Engineering 
Sciences at the University of Florida). 
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Acronyms 


ACI Air curtain incinerator 
ACM Asbestos-containing material 
APHIS U.S. Department of Agriculture’s Animal and Plant Health Inspection Service 
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CAA Clean Air Act 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
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DHS U.S. Department of Homeland Security 
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DOE U.S. Department of Energy 
DOI U.S. Department of the Interior 
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FSA U.S. Dept. of Agriculture’s Farm Service Agency 
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Acronyms (cont.) 


MOU Memorandum of understanding 
MSW Municipal solid waste 
NCP National Contingency Plan 
NESHAP National Emissions Standards for Hazardous Air Pollutants 
NIBS National Institute of Building Sciences 
NIMS National Incident Management System 
NRF National Response Framework 
NRC National Response Center 
NRCS Natural Resources Conservation Service 
OPPT Office of Pollution Prevention and Toxics 
ORD U.S. Environmental Protection Agency’s Office of Research and Development 
OSHA U.S. Department of Labor’s Occupational Safety and Health Administration 
OSW U.S. Environmental Protection Agency’s Office of Solid Waste 
PA Public assistance 
PCB Polychlorinated biphenyl 
RCA Refrigerant-containing appliance 
RCRA Resource Conservation and Recovery Act 
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RFP Request for Proposals 
SIP State Implementation Plan 
SWA Solid Waste Authority of Palm Beach County, Florida 
SWANA Solid Waste Association of North America 
TRAGIS Transportation Routing Analysis Geographic Information System 
TSCA Toxic Substances Control Act 
USACE U.S. Army Corps of Engineers 
USCG U.S. Coast Guard 
USDA U.S. Department of Agriculture 
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1 Introduction 

Each year, natural disasters, such as wildfires, floods, earthquakes, hurricanes, tornadoes, and 
winter storms, challenge American communities. The National Science and Technology Council 
estimates that these disasters cost the United States $52 billion per year in the form of lives 
lost and property destroyed (2005). Natural disasters have generated large amounts of debris, 
causing considerable challenges for public officials.  Debris is the waste stream resulting from a 
natural disaster and often includes building materials, sediments, vegetative debris, personal 
property, and other materials. Cleaning up this debris can be time-consuming and costly 
(FEMA, 2007). As with other federal agencies, EPA’s response pursuant to a disaster declared 
by the President is facilitated through the National Response Framework (NRF).  Under the 
NRF, the U.S. Army Corps of Engineers (USACE) is the coordinator and primary agency for 
Emergency Support Function (ESF) # 3, which encompasses among other responsibilities, the 
management of debris.  EPA is a support agency to the USACE for ESF #3.  Like other 
responding agencies, EPA receives mission assignments from the Federal Emergency 
Management Agency (FEMA) to carry out activities in support of state and local governments. 
(See section 4.1 for further detail on the NRF and ESFs). 

After a disaster occurs, communities are faced with the dilemma of how to use their existing 
capacity for recycling, composting, combustion, and disposal of natural disaster debris.  Relying 
on only one of these debris management options may not be sufficient to handle the 
overwhelming amount of debris generated by a disaster.  Communities may need to develop 
additional staging and storage areas to store, separate, or process the debris before it is sent to 
a recycling, composting, combustion, or disposal facility.  A disaster debris management plan 
will aid communities in determining the appropriate management options in advance of a 
disaster to avoid rushed or, ultimately, poor decisions.  Although the recovery process may 
take a long time, perhaps even years, careful planning can significantly minimize costly mistakes, 
speed recovery, protect human health and the environment, and prevent the generation of 
additional waste. A plan identifying cost-effective debris management options and resources 
can save money.  It also will increase control over debris management and improve 
administrative efficiency. The plan also may serve as a resource document in negotiating 
technical and financial assistance with FEMA and other agencies.  Having a sound disaster debris 
management plan will expedite removal of debris—an important sign of recovery that residents 
will see. Expedited removal also will reduce dangers of fire, personal injury, and disease 
vectors. 

Any of the following communities may benefit from the advice presented in this document: 

•	 Communities at risk of significant damage from a natural disaster.  
•	 Communities currently without a disaster debris management plan. 
•	 Communities with emergency response plans that overlook disaster debris cleanup or 

rely on a number of very limited management options. 
•	 Communities with existing disaster debris management plans that have not been 

updated to include any new community debris management options or that do not 
reflect management capacity reductions. 
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This document, based on experiences of communities, recommends some helpful planning 
considerations when drafting or revising a disaster debris management plan. It describes steps a 
community can take to prepare for dealing with the debris created by natural disasters to speed 
recovery. It also describes ways that communities can reduce the burden on their solid waste 
management systems in the event of a natural disaster.  As evidenced by Hurricane Katrina in 
2005, natural disasters can cause incredible destruction. All community officials that contributed 
to this document recognize that even the best disaster debris management plan is likely to have 
its shortcomings.  Having a plan, however, is important because it lays the groundwork for a 
community’s preparedness and response to a natural disaster, particularly if it is large-scale.  
Since it is impossible to predict the future, communities are encouraged to plan for both large 
and small natural disasters. 

This document does not provide all the information a planner will need to write a debris 
management plan, however.  The development of a disaster debris management plan usually 
requires input from neighboring communities, state officials, local contractors, and a variety of 
local agencies. This document is intended to help a planner in the beginning stages of the 
planning process or to assist a planner in revising an existing disaster debris management plan.  
This document, however, is not a regulation.  It does not change or substitute for any legal 
requirement. This document is not a rule, is not legally enforceable, and does not confer legal 
rights or impose legal requirements upon any member of the public, States, or any other 
Federal agency. This manual uses the word “should” to describe EPA recommendations or 
suggestions; it does not connote a requirement.  This document references non-EPA web sites.  
These external links provide additional information that may be useful or interesting and are 
being provided consistent with the intended purpose of this document.  However, EPA cannot 
attest to the accuracy of information provided by these links.  Providing links to non-EPA web 
sites does not constitute an endorsement by EPA or any of its employees of the sponsors of 
the sites or the information or products presented on the sites. 
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2 Components of a Disaster Debris Management Plan 

Natural disasters can generate tremendous quantities of debris; communities should plan for 
disasters they may face. An effective disaster debris management plan addresses issues beyond 
initial removal, prioritizes debris management options, and also includes a strategy for recycling 
and reuse of materials (including mulching/composting) to reduce the burden of volume on 
disposal facilities. There are many different possible components of a disaster debris 
management plan.  Recommendations presented here are based on insights from community 
officials who have conducted debris clean-up after a natural disaster.  A disaster debris 
management plan could include the following components: 

1.	 Pre-planning activities 
2.	 Ancillary activities 

a.	 Identify likely debris types and forecast amounts 
b.	 List applicable federal, state, and local environmental regulations 
c.	 Inventory current capacity for debris management and determine debris 

tracking mechanisms 
d.	 Pre-select temporary debris storage sites 
e.	 Identify equipment and administrative needs (including pre-negotiated 

contracts) 
f.	 Develop communication plan 
g.	 Create a disaster debris prevention strategy 

3.	 Create a debris removal strategy 
4.	 Harmful materials identification and handling recommendations 
5.	 Recycling options 
6.	 Waste-to-energy options 
7.	 Disposal options 
8.	 Open burning options 

A flowchart describing the process of creating a debris management plan is presented in Figure 
1. This section includes recommendations that may aid in drafting language for a community’s 
disaster debris management plan. 
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Figure 1. Flowchart of disaster debris management planning activities. 

Pre-Planning 
Activities 

y Determine FEMA Public Assistance eligibility requirements 
    and Pilot Program approval process for a disaster debris
    management plan 
y Identify planning team  
y Determine a schedule for updating the plan 

y Identify and forecast debris amounts and types 
    - Use available software and other methods for  

forecasting 
    - Identify debris from commercial activities or unique  

situations 

Ancillary 
Activities 

y Evaluate applicable environmental rules 
   - Federal, state, & local requirements 
   - Non-hazardous wastes, hazardous wastes, PCBs,  

 ACM, treated wood, lead based paint, electronics, etc 
   - Develop regulatory contact list 

y Inventory debris capacity
   - List location of all types of debris management facilities 
   - Evaluate additional capacity 

 - Recycling, waste to energy, disposal 
- Perform environmental assessment of existing or potential
 facilities 

y Pre-select debris management sites 
-  Determine applicable regulations/permits

 -  Perform environmental assessment  
-  Waste types 
-  Identify public/private land for use 
-  Pre-negotiate contracts 

y Evaluate equipment and administrative needs 
  - Equipment needs, availability and pre-negotiated contracts/  
    pre-qualified contractors 
  - Staffing needs, office space, mutual aid agreements 

y Develop communication plan
   - Plan for communication with debris management team,
    local communities, federal and state Agencies, residential  

waste haulers and the public. 

Management of 
Debris 

y Debris removal strategy 
y Address harmful materials 
y Determine management method for each type of debris  
   (recycling, waste to energy, disposal, open-burning) 
y  Plan should address 
   - Environmental protection
   - Segregation of materials  

- Collection 
   - Facility delivery requirements 
   - Temporary storage 

y Strategize for disaster debris prevention 
- Measures for public and government to protect property 



 

  

 

 

  

Planning for Natural Disaster Debris 

2.1 PRE-PLANNING ACTIVITIES 

There are three activities that we recommend before starting the disaster debris management 
plan. The first step is to understand FEMA’s requirements for public assistance eligibility and 
the approval process under their Public Assistance Pilot Program.  FEMA has produced a guide 
for debris management plans (publication 325) that discusses eligibility for Public Assistance that 
can be found at: (http://www.fema.gov/pdf/government/grant/pa/demagde.pdf). FEMA also 
provides workshops throughout the country on creating plans.  While not all disaster recovery 
efforts will qualify for federal funding from FEMA, it is important that the plan meet FEMA’s 
requirements in the event that the disaster is severe enough to qualify for federal funding.  
More about FEMA’s Debris Management Plan Public Assistance program can be found at:  
(http://www.fema.gov/government/grant/pa/) and in section 4.2 of this document.  In 2007, 
FEMA also began a Public Assistance Pilot Program.  This program encourages and provides 
incentives for the development of a plan that includes recycling.  Plans voluntarily submitted to 
FEMA for approval and subsequently approved under this program are eligible for increased 
federal cost share during a disaster recovery. More information about the Public Assistance 
Pilot Program can be found at: http://www.fema.gov/government/policy/papilot.shtm and in 
section 4.2 of this document. FEMA’s regional office contact information can be found at: 
(http://www.fema.gov/about/regions/index.shtm). 

Second, a team should be identified for the plan’s creation.  This team may include planning 
officials, emergency management officials, environmental officials, and first responders.  The 
team may also include officials from other communities that have experienced disasters in the 
past. The team should establish how the plan will be created and who, beyond the team, 
should review it, such as neighboring communities or state and federal officials. 

Last, it is recommended that a schedule for updating the plan be established.  Updating a 
community’s disaster debris management plan is important to ensure that it reflects current 
practices and policies. The plan could be reviewed once a year and revised as needed.  For 
example, outdated forms, such as time sheets and materials tracking forms, might need to be 
revised. If reuse and recycling practices are expanded, they could be added to the plan.  New 
developments may change the collection strategy and may contribute to larger debris amounts.  
Should a disaster occur, supporting agencies will find the plan most useful if it is up-to-date and 
describes current practices and policies, as well as the types, locations, and capacities of existing 
solid waste management facilities.  

2.2 ANCILLARY ACTIVITIES 

A variety of ancillary activities could be addressed in the disaster debris management plan.  
These are tasks that do not directly involve the management of the disaster debris, but are 
important to an effective response program. Ancillary activities help communities understand 
the possible scope of a debris problem and how their community can address it given the 
resources and facilities that they currently have or have access to. 

5 

http://www.fema.gov/pdf/government/grant/pa/demagde.pdf
http://www.fema.gov/government/grant/pa/
http://www.fema.gov/government/policy/papilot.shtm
http://www.fema.gov/about/regions/index.shtm


 

 

 

 

 

 

Planning for Natural Disaster Debris 

2.2.1 Identify Debris Types and Forecast Amounts 

The types of materials that will make up the disaster debris stream should be assessed.  Some 
types of debris result more frequently from certain types of natural disasters. Planners on the 
Atlantic and Gulf Coasts faced with responding to hurricanes need to plan for different debris 
streams, volumes of debris, and collection circumstances than planners in the West, who are 
confronted with, for example, earthquakes. Hurricanes, earthquakes, tornadoes, volcanoes, 
floods, winter snow and ice storms and wildfires can cause damage to buildings, roads, bridges, 
and other structures, causing construction and demolition (C&D) materials generation.  These 
disasters can generate large quantities of treated wood, including downed utility poles, fencing, 
and decks. Damaged vehicles and structures are sources of large quantities of mixed metals.  If 
buildings are severely damaged, the debris stream could include furniture and other personal 
property, electronic waste, white goods, household hazardous wastes (HHW) (i.e., leftover 
household products that contain corrosive, toxic, ignitable, or reactive ingredients), and 
putrescible wastes. 

Since the characteristics and features of a community are diverse, each community should 
identify the waste types that are likely to be generated and will need to be managed. Planners 
may also evaluate whether their area will face special waste management issues unique to their 
area, such as quarantines for vegetation that is diseased or contains pests.  Communities could 
also assess the major types of industries and commercial enterprises in the area to determine 
the types of debris that may be generated and dispersed.  For instance, storm surge from a 
hurricane may move materials from an industrial complex several miles away.  Communities 
may want to work with these businesses to determine how they will work with the community 
in ensuring the management of this debris. 

HURRICANES have three primary sources of destruction: powerful winds, storm surge, and 
rain. The storm surge causes flooding along coast lines, causing much of the damage and 
resulting debris, including C&D materials, damaged automobiles and boats, furniture, and other 
debris. Winds cause destruction that can extend many miles inland, resulting in fallen trees and 
flying debris. Vegetative debris is usually the most voluminous debris stream generated by most 
hurricanes. Major hurricanes can also leave behind large amounts of displaced sediments.   

EARTHQUAKES are caused by a sudden movement of the earth's crust.  Generally, most 
destruction is closest to the epicenter, radiating damage outward, although this is not always 
the case.  Resulting debris can include C&D materials, automobiles, furniture, and other debris.   

TORNADOES inflict damage on structures and infrastructure from high winds and resulting 
projectile materials, putting C&D materials, automobiles, vegetative debris, furniture, and other 
materials into the waste stream. 

FLOODS occur when an overflow of water submerges land. High waters destroy structures 
and personal property; uproot trees; and displace sand, soil, and sediment. Floods can also 
destroy roads and bridges, isolating communities and impacting a community’s ability to clean 
up debris. As soon as flood waters recede, people begin to dispose flood-damaged household 
items. Mud, sediment, sandbags, and other reinforcing materials also add to the volume of 
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debris needing management, as do C&D materials and mixed metals from demolished and 
dismantled houses and automobiles. 

WILDFIRES typically leave less debris than other types of disasters, but they can generate 
large amounts of mixed debris, ash and charred wood waste, mixed metals, C&D materials, 
fire-damaged cars, furniture and other home contents, and scorched soil. In addition, large-scale 
loss of plants serving as ground cover can lead to mud slides, increasing the debris stream.  

WINTER STORMS create large amounts of vegetative debris. Heavy snow and ice 
accumulations coat tree branches to the point of breaking.  They can also collapse roof 
structures, causing the generation of C&D materials. In addition, icy road conditions can 
impede the debris removal process. 

VOLCANOES create ash and molten rock debris.  A landslide or debris avalanche can result 
in additional debris, including, damaged structures, charred wood waste, downed trees, mixed 
metals and C&D materials. 

Forecasts of the amount and types of debris generated during different types and sizes of 
natural disasters help the planner understand the scope of debris likely to require handling.  
These estimates can be based on previous experience or can be made using forecast tools.  
Due to the unpredictable nature of natural disasters, however, no estimation tool will provide a 
completely accurate number.  These tools are meant to generate estimates that will help a 
community understand the possible types and amounts of debris that may be generated.  Past 
disasters in other areas can also give planners an idea of the amount and types of debris that 
are likely to be generated. A description of debris management activities from several recent 
disasters is presented in Appendix A. 

Of the two tools available from federal agencies, the Hazards U.S. Multi-Hazard (HAZUS-MH) 
program is a nationally applicable standardized methodology and software program that 
estimates potential losses from earthquakes, hurricane winds, and floods.  HAZUS-MH was 
developed by FEMA under contract with the National Institute of Building Sciences (NIBS). 
HAZUS-MH uses state-of-the-art Geographic Information Systems (GIS) software to map and 
display hazard data and the results of damage and economic loss estimates for buildings and 
infrastructure. It also allows users to estimate the impacts of earthquakes, hurricane winds, and 
floods on populations. More information and ordering instructions for HAZUS-MH can be 
found at FEMA’s website (http://www.fema.gov/plan/prevent/hazus/index.shtm). 

Other debris estimates are available from the USACE.  Prior to a forecasted hurricane landfall, 
the USACE uses geospatial tools to provide estimates of possible debris volumes, needs for 
water and ice commodities, number of people and households likely within the area impacted 
by hurricane force winds, and possible temporary roofing and temporary housing needs.  Model 
estimates are developed and posted on a website (http://www.englink.usace.army.mil). The first 
model runs are made approximately three days before landfall; the last model runs may be days 
after landfall and may be a reduced suite of model runs and model outputs.  The USACE 
developed a set of equations to calculate possible amounts of debris from hurricanes making 
landfall along the Gulf and East Coasts of the continental United States.  The debris equations 
consider five primary factors: number of households, vegetation density factor, commercial 
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density factor (non-residential debris), storm wind intensity, and rainfall intensity.  The 
equations were developed to provide a +/- 30% estimate of possible debris volumes that may 
be generated by various storms. 

The accuracy of the USACE model is improved by calculating debris volumes at census-tract 
level but the model results need to be viewed with three key considerations.  First, the volume 
estimated is a total amount of debris from a storm from residential sources and a limited 
consideration of non-residential sources.  Second, the model cannot take into account 
(particularly before landfall) minor, yet significant, variations in storm intensity.  Third, the 
model does not account for debris that might result from flooding caused by storm-related 
rainfall. The present model is a planning model best viewed as a good indicator of the 
approximate volume of debris from a storm event.  Any community can visit the USACE 
website (www.englink.usace.army.mil; under debris management) and use the model to produce 
debris estimates specific to their community.  There are also equations that will help compute 
the number and size of temporary disposal sites required for a known debris quantity.  Contact 
the number listed on the website for additional help. 

USACE Hurricane Debris Prediction Model 

Q = H (C) (V) (B) (S) 

Q = estimated debris total generated in cubic yards 
Note: The predicted accuracy of the model is ±30% 

H = number of households, or population/3 (household = population divided by 3) 

C = hurricane category factor (cat1 = 2, cat2 = 8, cat3 = 26, cat 4 = 50, cat5 = 80) 

V = density of vegetation (1.1 for light, 1.3 for medium, 1.5 for heavy) 

B = percentage of commercial structures (1.0 for light, 1.2 for medium, 1.3 for heavy) 

S = precipitation factor (1.0 for none to light, 1.3 for medium to heavy) 


There are also estimation tools available from private companies.  Some communities have 
tailored tools to their specific area.  As building codes, age, and styles differ among geographical 
regions, models specific to a region may produce more accurate results.  The Broward County 
Emergency Management Agency (Florida) produced HurDET, which models hurricane debris 
specific to South Florida (http://gis2.esri.com/library/userconf/proc05/papers/pap2200.pdf). The 
Solid Waste Authority (SWA) of Palm Beach County, Florida utilized GIS-based hurricane 
debris prediction software as part of its disaster debris management plan.  Palm Beach County 
found the model to be invaluable in the few days preceding and following the landfall of 
Hurricane Frances. “Our first meeting with FEMA to assess the damage of Hurricane Frances 
lasted mere minutes,” Marc Bruner of SWA said. “Knowing how much debris you are going to 
receive helps you prepare for it.” They estimated that SWA would receive more than three 
million cubic yards of vegetation and mixed debris. The estimate was within 20% of the actual 
debris processed. Additional information may be found at SWA’s website 
(www.swa.org/pdf/2004_annual_report.pdf). 
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2.2.2	 List Applicable Federal, State, and Local Environmental Regulations 

Communities need to understand before a disaster how all waste types must be managed 
according to federal, state, and local regulations.  Once a disaster strikes, there will not be time 
to do extensive research.  An effective disaster debris management plan includes a listing of all 
regulations and how each debris type must be managed according to those regulations.  It is 
recommended that the plan also include an updated contact list of pertinent federal, state, and 
local environmental officials whom a community can reach in the event that guidance on the 
regulations is needed during clean-up.  This contact list should include contacts beyond 
environmental officials, such as those from FEMA and USACE.  Contacts at EPA’s regional 
offices and state environmental agencies can also be found on EPA’s website 
(http://www.epa.gov/epahome/whereyoulive.htm). FEMA has the same regional designations as 
EPA and their contact information can be found on FEMA’s website 
(http://www.fema.gov/about/regions/index.shtm). 

2.2.3	 Inventory Current Capacity for Debris Management and Determine Debris 
Tracking Mechanisms 

After the amount and type of debris are estimated, planners need to assess the region’s 
capacity to manage the debris.  Solid waste management facilities, including disposal, recycling 
and reuse, and combustion facilities need to be inventoried, along with their daily and permitted 
capacity to receive different types of debris.  Each facility’s ability to manage additional debris 
beyond their normal or permitted daily load should be evaluated.  It is recommended that 
contacts for all solid waste facilities are listed for quick reference along with the facilities’ 
physical locations, including latitude/longitude coordinates, global positioning system (GPS) 
coordinates, and/or road maps.  Lists of any other necessary service providers (such as 
demolition contractors, refrigerant removers, electronics processors, etc.) could also be 
compiled. 

Natural disasters can impact major transportation routes.  Therefore, a community should 
evaluate all options for moving debris to preferred facilities.  Consider other forms of 
transportation beyond trucks, such as rail and boats.  The U.S. Department of Energy’s (DOE) 
Transportation Routing Analysis Geographic Information System (TRAGIS) can be consulted to 
determine transportation routes (https://tragis.ornl.gov). Depending on the expected amount 
of debris, transportation needs for the debris are also very important to consider. Section 2.2.5 
discusses the potential need for additional vehicles to transport the debris, as well as fuel 
requirements. 

If there is not sufficient capacity to manage the predicted amount of debris, additional waste 
management facilities outside of the immediate area or suitable areas that could be developed 
into a solid waste management facility should also be identified.  Identifying these areas in 
advance allows time for any necessary environmental assessments required by state or local 
environmental agencies.  Communities also could establish mutual aid agreements with 
neighboring communities in advance of a natural disaster to help ensure that additional debris 
management capacity is available in surrounding areas in an emergency.  This may allow a 
community to handle debris locally without needing to establish new debris management sites.   
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To help planners determine debris management options, EPA’s Office of Research and 
Development’s (ORD) National Homeland Security Research Center developed the Debris 
Management and Disposal Decision Support Tool (DMD DST). While the DMD DST does not 
direct the user how to dispose of debris, it provides options for disposal of various types of 
debris. The DMD DST contains several databases of disposal facilities including: MSW landfills, 
C&D materials landfills, MSW combustion facilities, hazardous waste combustion facilities, 
medical waste incinerators, industrial wood-fired boilers, electric arc furnaces, aluminum and 
copper recyclers/smelters, and hazardous waste treatment, storage, and disposal facilities. Basic 
facility details and contact information are provided to help users determine which facility or 
facilities might be best suited to accept the particular type of debris. All of the facility databases 
in the tool are sortable by state and EPA region to help users identify the closest facilities. 
Users also may enter the latitude and longitude coordinates of the center of the possible 
incident area to search for all the disposal facilities within a user-defined radius (based on 
straight-line distances). Anyone interested in accessing this online tool may request a user name 
and password at: http://www2.ergweb.com/bdrtool/login.asp. 

The EPA recommends that communities determine how debris can be tracked during clean-up.  
Tracking information is important to determine the amount of capacity used and available at 
various debris management locations, to pay debris haulers, and to determine the total amount 
managed from the disaster. FEMA also has tracking requirements for reimbursement.  As 
contract debris haulers generally are paid on the basis of volume of debris hauled, provisions in 
the disaster debris management plan could be made for measuring truck carrying capacity and 
assigning each truck a number before the truck is allowed to collect debris.  The assigned truck 
number allows for tracking debris amounts by individual truck.  Each truck would be monitored 
at the receiving facility for the volume that they carry.  The hauler receives payment based on 
the sum of these volume amounts. Haulers should be advised that vegetative debris be laid flat 
in the truck bed. FEMA’s Debris Management Guide provides examples of tracking forms 
(http://www.fema.gov/pdf/government/grant/pa/demagde.pdf). 

2.2.4 Pre-select Debris Management Sites 

One of the most common suggestions for better debris management from communities that 
have experienced natural disasters is to pre-select temporary sites that can be used for the 
storing, sorting, and processing of debris. Hurricanes or ice storms, for example, can generate 
much more vegetative debris than a municipality typically manages annually.  Identifying ample 
space to stage, store, and process debris can be a challenge.  Sites selected in the past have 
included disposal facilities, local parks, or closed industrial/military facilities.  These sites can be 
used to temporarily store debris before transferring it to another facility, or they can be used 
to process debris on site. Conveniently located sites can reduce travel time when transferring 
debris to processing or management facilities and result in expedited debris clean-up.  
Communities also can use these sites to distribute reusable or recycled products (such as free 
mulch or wood) to the public. According to FEMA, experience has shown that 100 acres of 
land are needed to process one million cubic yards of debris.  Figure 2 depicts an example of a 
100-acre debris management site that primarily manages nonhazardous debris.  The site also 
includes a location for any hazardous materials (marked “HW”).  Hazardous materials may be 
delivered to this location by mistake or included with other non-hazardous materials, which is 
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likely to occur as affected citizens may be confused about how to categorize their waste or 
where they should take it. Information about a hazardous waste bulking site used in Louisiana 
after Hurricane Katrina can be found in Appendix B.   

Figure 2. Example of a Debris Management Site 

Source: FEMA, 2007 

Select a site considering its planned activities, such as storing, sorting, or processing of debris.  
Consider access by heavy equipment, protection of environmentally sensitive areas, and 
logistical efficiency. Investigate possible impacts on adjacent housing, because sites can attract 
vectors such as rodents and other pests, produce noise and odors at levels deemed 
unacceptable by residents, or put a large burden on normal traffic patterns.   
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Protect Human Health and the Environment When Selecting Temporary Debris 
Management Sites 

Sites should: 

•	 Be sufficient in size with appropriate topography and soil type (work with state/local 
environmental agencies to determine appropriate topography and soil type). 

•	 Be located an appropriate distance from potable water wells and rivers, lakes, and 
streams (work with state/local environmental agencies to determine appropriate 
setback distances). 

•	 Not be located in a floodplain or wetland. 
•	 Have controls in place to mitigate storm water runoff, erosion, fires and dust. 
•	 Be free from obstructions, such as power lines and pipelines. 
•	 Have limited access with only certain areas open to the public, such as areas to drop 

off debris. 
•	 Be located close to the impacted area, but far enough away from residences, 


infrastructure, and businesses that could be affected by site operations. 

•	 Preferably be on public lands because approval for this use is generally easier to 

obtain, but could also be located on private lands.  Private lands may be convenient 
and logistically necessary for temporary debris storage sites. Consider potential 
agreements with private land owners in advance to ensure the use of these needed 
areas. 

The condition of these temporary sites could be evaluated and documented prior to use. 
Depending on the debris that is to be staged there, it may be advisable to assess the soil, 
groundwater and/or surface water at a proposed staging area prior to receiving debris to 
establish pre-existing conditions. Communities need to work with state officials to ensure that 
the staging sites do not affect drinking water sources, such as groundwater or surface water 
reservoirs. The government agencies involved may be responsible for returning these sites to 
their original condition. Therefore, guidelines could be established for the return of property to 
the owners.  General environmental, safety, and logistical considerations include: 

•	 Environmental monitoring. Areas that were used to stage vegetative debris do not 
typically require groundwater monitoring, but should be monitored for fires.  Areas 
used to stage mixed, C&D, or hazardous wastes may need more extensive 
monitoring. Consult with state officials for recommendations. 

•	 Removal of debris from the site in a timely manner.  Putrescible, mixed, harmful, and 
hazardous wastes should not be stored for extended periods of time. These types of 
debris should be removed daily or as soon as practical to prevent odors, vectors, 
human health hazards, and/or environmental releases. 

•	 Limiting site access to ensure that the site is secure.  Some wastes that present 
higher levels of concern should have additional storage controls and security 
measures. 
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Planning for Natural Disaster Debris 

• Evaluating traffic logistics on and around the storage site. 
• Minimizing noise disruptions to acceptable hours. 


Consider the following safeguards for hazardous waste bulking sites: 


•	 Area to be used should be covered with two layers of plastic sheeting, tarps, or a 
concrete pad. 

•	 Fence off area with T-posts and orange barricade fencing.  
•	 Surround fenced off area with absorbent booms (to absorb any potential leaks) or 

sandbags (to prevent spills from seeping into the ground). 
•	 Use (wooden) pallets to raise collection bins off the ground (to ascertain potential 

leaks). 
•	 Provide adequate space for walking/carrying items between pallets. 
•	 Segregate containerized gases, liquids, or solids by material type (e.g. corrosive 

wastes, reactive wastes), place each material type in a separate bin or barrel, and 
label the bin or barrel appropriately. 

•	 Cover collection bins or barrels with plastic liners/lids or cover the entire hazardous 
waste collection site with a tent to prevent water collecting in bins.  

•	 Cylinders containing compressed gas should be placed upright with cap on and 
secured in place. 

•	 Provide sufficient fire extinguishers for the site in case fire breaks out; four fire 
extinguishers per 10,000 square feet are recommended, placed at the corners or in 
easily accessible locations. 

If residents will be asked to bring debris to collection sites, a community should identify those 
locations in its pre-incident communication plan.  This information needs to be immediately 
available to the public, especially when electrical outages impede direct communication. Also, 
plan for sufficient staffing for these sites and consider establishing hours of operation that 
accommodate the residents.  Many communities have found that much residential debris 
cleanup takes place on weekends or after normal business hours.  

2.2.5 Identify Equipment and Administrative Needs 

When drafting a disaster management plan, a planner should identify in advance the types of 
equipment and supplies needed to implement the plan.  This means equipment for 
administrative staff as well as debris collectors.  A list of possible equipment needs is provided 
below. If a large number of vehicles and fuel-dependent equipment is needed, consider possible 
implications from a fuel shortage due to the disaster.  Potable water supplies should be well 
stocked during hurricane or flood season. The Occupational Safety and Health Administration 
(OSHA) produced a Hurricane eMatrix 
(http://www.osha.gov/SLTC/etools/hurricane/index.html) to provide recommendations on how 
to keep workers safe during the management of disaster debris.  The eMatrix identifies types of 
necessary personal protective equipment and operational considerations.  While the Hurricane 
eMatrix was designed for use after a hurricane, much of the recommendations can apply to the 
management of debris generated from other natural disasters. 
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Example Equipment Needs 

Equipment needs can be separated into three priorities: 

Primary – needed for initial response: 
Safety items/personal protective equipment (first aid kits, safety vests, work gloves, etc.) 
Barrier tape or fencing 
Chainsaws 
Debris/earth moving equipment, such as skid-steer loaders, front loaders, and excavators 
Dump trucks and roll-off trucks 
Flares 
Flags, small and brightly colored 
Flashlights 
Fuel 
Generators 
Handheld GPS units to record locations of materials such as hazardous wastes 
Handheld radios, cell phones, satellite phones, and/or wireless handheld devices 
Batteries 
Notebooks and cameras 
Road signs to direct debris hauler traffic 
Vehicle repair equipment 

Secondary – may be needed to begin debris processing: 
Air monitoring equipment 
Cranes with cables and magnets 
Dumpsters and hoppers 
Forklifts 
Knuckle boom pickers (elevated work platforms) 
Jack hammers 
Jaw crushers and/or compactors 
Pallets 
Plastic sheeting 
Sealable plastic drums 
Wood grinders 

Tertiary – sometimes needed to process large volumes:  
Air curtain incinerators 
Conveyors 
Vibrating screen sorters 

In the aftermath of a natural disaster, communities need to be ready to handle an increased 
number of telephone calls and requests concerning debris removal and management. 
Communities also might need more staff to train and monitor debris collection contractors and 
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help troubleshoot problems. Debris management sites may require additional staff to ensure 
that wastes are being managed appropriately.  Therefore, communities could consider cross-
training their existing staff to carry out several responsibilities related to disaster response and 
identify sources of temporary labor.  Staffing that is needed in order to meet recordkeeping 
requirements for reimbursement of disaster debris management costs should be considered.  
Some states reimburse some costs even if the disaster does not qualify for federal 
reimbursement funds.  Discuss recordkeeping requirements with the state emergency planning 
agency. Recordkeeping is often required from the very beginning until the end of debris 
removal and disposition. A community, particularly if it is small, might benefit from identifying, 
in advance, people or other communities who have experience in obtaining reimbursement.  

A community might consider using pre-negotiated contracts for additional services that the 
community does not have the capacity to provide for itself. Solicitations could include services 
for debris removal, storage, sorting, recycling, processing, marketing, and disposal.  Pre-
negotiated contracts may help get better prices than what might be offered after the natural 
disaster has occurred. They may also allow for any legal issues to be addressed in advance.  
Additionally, debris management can commence more quickly than if contract negotiations are 
necessary after the natural disaster.  Back-up copies of the documentation should be kept in an 
alternate location in case one location is destroyed in the disaster.  If pre-negotiated contracts 
are not feasible, consider including in the disaster debris management plan a list of pre-qualified 
contractors to solicit bids from directly after the disaster.  Contractors excluded from federal 
contracts are listed at the U.S. General Services Administration’s Excluded Parties List System 
website (http://www.epls.gov). FEMA reimbursement policies should be reviewed to ensure 
that the terms of the solicitation meet FEMA and state requirements in the event that the 
disaster qualifies for federal or state reimbursement.  FEMA requires pre-event contracts and 
pre-qualification of contractors.  For more information of FEMA’s Public Assistance Grant 
Program, visit FEMA’s website (http://www.fema.gov/government/grant/pa/index.shtm). 

Plans could also be made for the quick procurement of staffing and equipment needs through 
mutual aid agreements. Mutual aid agreements may allow the equipment, services, and expense 
burden to be shared.  As other communities may have equipment that they are willing to share, 
consider contacting other local governments in advance for equipment mutual aid agreements.  
Also consider contacting relevant state agencies to discuss their resources and available 
financial aid. 

2.2.6 Develop a Communication Plan 

A communication plan is recommended as part of the disaster debris management plan.  During 
recovery, a community will have to communicate with the debris management team, other 
governmental agencies, local major commercial and industrial enterprises, residential waste 
haulers, and the general public regarding the debris removal process.  The EPA suggests that a 
communication plan discuss what information will need to be provided and how such 
communication should happen effectively. 

The debris management team could consist of administrative personnel in charge of debris 
clean-up, fleet managers, contractors who have been hired to carry out the collection efforts, 
and debris management facility operators.  As with all teams, there should be clear descriptions 
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about how decisions will be made and by whom.  The chain-of-command, as well as how 
decisions will be communicated through the chain, need to be clearly articulated.  Instructions 
should be communicated in all languages that the debris team uses to ensure proper debris 
management.  The disaster debris management plan should be distributed to the team to 
ensure that the plan can be implemented quickly and smoothly.  Hardcopies might be 
distributed in addition to electronic versions in the event computers are not accessible after 
the disaster. To the extent possible, the debris management team should be familiar with the 
disaster debris management plan ahead of the disaster.  In order to communicate events and 
problems that may arise, frequent meetings should be held after the disaster to discuss how to 
overcome problems and prevent similar ones from occurring.  Other communication methods 
should be addressed, such as cell phones, satellite phones, and hand-held radios. 

It is advisable that there be an effective communication mechanism with other pertinent 
government agencies about debris removal.  That is, establish a reliable method to 
communicate with police, health officials, and other emergency responders to make sure that 
debris is collected in a manner protective of public safety.  In addition to local agencies, it is 
suggested that the disaster debris management plan be filed with the state.  Especially when 
regional solid waste services or facilities are involved, a copy should also be provided to 
neighboring communities. Sharing the plan with other communities and the state will ensure 
that the plan is readily accessible post-disaster and that all affected communities can coordinate 
in the clean-up process. 

It is also advisable to establish a communication strategy with major industrial and commercial 
enterprises in the area that may generate large amounts of wastes.  This communication 
strategy could include contact information, physical location, and a list of hazardous and non­
hazardous wastes that could be generated.  These companies should have an established 
disaster response plan, including how they will communicate any issues with the local 
government and/or the general public. 

Informing the public about debris management before disaster strikes should make dealing with 
the aftermath easier. Many communities that have experienced disasters commented that 
residents typically want debris to be removed as quickly as possible.  Some residents may 
resort to illegal burning, dumping, and other improper management methods.  Providing public 
education before and after the disaster can curb this response. It is recommended that 
government officials inform the community when, where, and how debris collection will 
commence, when normal collection is likely to resume, and provide special instructions for 
reporting and separating disaster debris at the curb.  As part of their emergency plans, some 
communities have prepared:  

• radio and television announcements, 
• flyers and door hangers, 
• telephone hotlines, and  
• websites. 

To be as useful as possible, all communication should be timely, consistent, updated, and use 
language that is not overly technical.  Discuss the use of free public service advertising with 
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local media companies to communicate instructions in the event of a natural disaster.   
Depending on the type and severity of the natural disaster, however, a community might lose 
electricity, telephone service, radio broadcasting capability, or newspaper service.  
Communities, therefore, are encouraged to prepare more than one method of communication.  
Examples of flyers used following Hurricane Katrina are presented in Appendix B. 

Communicating with the Public 

Marc Bruner, the Director of Environmental Programs for SWA in Palm Beach County, 
Florida, has a great deal of experience in managing disaster debris.  He believes that properly 
informing the community is one of the most important elements to planning for disaster 
debris. “Everyone wanted their streets cleared as soon as possible,” Bruner said after 
Hurricanes Frances and Jeanne. “But our message was consistent; be patient and our crews 
will be there.” 

Mark Triplett, the Acting Director of Solid Waste Management for Escambia County, 
Florida, stated that the lack of a public awareness campaign was an obvious flaw in the 
county’s preparation. Of the clean-up process during Hurricane Ivan, he said, “One of the 
biggest problems that the County faced was the public outcry for debris to be picked up 
sooner rather than later because citizens did not fully understand the clean-up process.” 

Consider placing the disaster debris management plan on the internet and seeking public 
comment. Allowing the public to review the document and understand how debris 
management will occur before a natural disaster can provide time for discussion and revisions 
to the plan based on public concerns. Public opposition may be mitigated if citizens understand 
where and how the debris will be managed ahead of time.  An internet site that addresses 
disaster debris management may also provide direction on how and where the debris will be 
collected. As an example, the City of St. Petersburg, Florida provides debris collection 
information on their website: (http://www.stpete.org/hurricane/hurricanedebris.htm). 
Additionally, Charlotte County, Florida provides debris preventative advice and instructions on 
their website: 
(http://www.charlottecountyfl.com/EnvironmentalServices/solidwaste/pdf/hurricaneInfo.pdf). 

2.2.7 Create a Disaster Debris Prevention Strategy 

Disaster debris prevention should be considered in a disaster debris management plan.  While 
total prevention may not be possible, some measures can be taken to help reduce the 
generation of disaster debris.  These strategies include an education outreach program to 
educate the public on how they may decrease the amount of damage that their property might 
suffer in a natural disaster. A building code and planning evaluation may be prudent by local 
officials to determine if the current codes and planning maps will allow the community to 
withstand disasters prone to that area. 
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Many states and communities have compiled Hazard Mitigation Plans that discuss preventative 
measures aimed at reducing the generation of disaster debris.  These plans have been 
developed as a result of planning actions and working partnerships between all levels of 
government within a state.  The result of these mitigation plans is an understanding of the risks 
communities face from natural and manmade hazards and the best ways to reduce or eliminate 
the potential for loss of life, property damage, and disruption of economic activities.  Mitigation 
activities can be short-term or long-term actions designed to reduce or prevent the generation 
of debris that may arise as a result of a natural or manmade hazard.  Examples of actions these 
mitigation plans identify are 1) educating home owners about how to strengthen their homes to 
resist damage from hurricane-force winds and 2) constructing large scale public works projects, 
such as a levee that limits the extent of flooding.  As of May 31, 2007, all 50 States, the District 
of Columbia, 7 Territories and 36 Tribal governments had approved State Mitigation Plans, and 
over 14,000 local jurisdictions currently had approved (or approvals pending adoption) Local 
Mitigation Plans that cover approximately 59% of the nation's population.  More information 
about hazard mitigation plans can be found at FEMA’s website 
(http://www.fema.gov/plan/mitplanning). 

Hurricanes often generate a large amount of vegetative debris that can cause additional 
damage. Falling branches, uprooted trees, and flying vegetation can cause destruction to 
homes, buildings, power lines, pipelines, and other infrastructure.  Residents could be advised 
to trim back trees on their property and remove dead or diseased trees.  Likewise, utility 
crews could trim back vegetation around power lines and remove trees that may interfere with 
important power and pipe lines. Outdoor belongings, such as patio furniture and grills, can 
become projectiles and should be brought inside or secured outside using ground anchors or 
straps. The State of Florida has produced guidance (http://www.floridadisaster.org) to help the 
public prepare their homes for hurricanes.  Advice is given on what to do for roofs, windows 
and doors, screen enclosures, attic vents and other openings, home structure, the surrounding 
environment, and other features of a house.  FEMA has also produced a homeowner’s checklist 
for avoiding hurricane damage (http://www.fema.gov/pdf/plan/prevent/nhp/hurdam.pdf). 

Earthquakes can shake buildings and attachments to the point that they become structurally 
unsound. Some measures can be taken to prevent some of the damage and resulting debris.  
California recommends that houses be anchored to their foundations to help prevent them 
from moving, which otherwise could result in lifting and placing the houses back on their 
foundation or the total demolition of the houses.  Bracing hot water heaters can prevent them 
from toppling and rupturing gas lines, causing fire damage.  Strengthening weak walls, 
foundations and chimneys can prevent horizontal movement of homes and subsequent damage.  
The State of California produced guides for the public, Homeowner’s Guide to Earthquake Safety 
and Commercial Property Owner’s Guide to Earthquake Safety.  These guides and other localized 
recommendations can be found at the California Seismic Safety Commission’s website 
(http://www.seismic.ca.gov). FEMA has produced several publications about preventing 
destruction to buildings, such as Homebuilder’s Guide to Earthquake Resistant Design and 
Construction and Earthquake Safety Guide for Homeowners 
(http://www.fema.gov/plan/prevent/earthquake/homeowners.shtm). 
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Flood waters and the objects they displace and transport can cause a great amount of damage.  
Outdoor belongings, such as patio furniture and grills, could be brought inside or secured 
outside using ground anchors or straps.  Debris from culverts, streams and channels could be 
removed to allow floodwaters to flow freely.  FEMA and the American Red Cross have 
produced flyers for flood damage prevention. These can be found at 
http://redcross.tallytown.com/library/AvoidingFloodDamage.pdf, 
http://www.redcross.org/pubs/dspubs/cde.html, and 
http://www.fema.gov/hazard/flood/fl_before.shtm. 

Wildfires can destroy homes and property.  Fire-safe landscaping, protective shutters, fire 
resistant roof materials, such as metal roofs, and regular maintenance to remove built-up 
vegetative matter from buildings and surrounding landscaping can help minimize damage from a 
wildfire. Public information sheets are available on FEMA’s website 
(http://www.fema.gov/news/newsrelease.fema?id=7533) and on the American Red Cross’ 
website (http://www.redcross.org/static/file_cont258_lang0_123.pdf). 

Winter Snow and Ice Storms can cause a great amount of damage.  Trimming back trees 
and removing dead trees and branches can reduce the amount of vegetative debris generated 
and help reduce power outages. FEMA provides advice on their website 
(http://www.fema.gov/hazard/winter/wi_before.shtm). 

Volcanoes create ash and molten lava debris.  Working with local governments to support 
land-use and building ordinances that restrict construction in volcanic areas can help to reduce 
debris generated as a result of a volcano. 

2.3	 CREATE A DEBRIS REMOVAL STRATEGY 

It is recommended that debris removal begin as soon as it is safe for personnel to be out in the 
community. An initial activity will likely be the clearing of roadways and ensuring that 
emergency vehicles can travel effectively.  Following the initial clearing, there should be a plan 
for collection priorities.  The debris removal strategy should discuss how each type of debris 
should be segregated (where applicable), collected, and managed.  Debris that may pose an 
immediate threat to human health and the environment should be a first priority in collection.  
Following that, the strategy should discuss materials that are priorities for recycling or reuse.  
While recycling should be pursued to the extent possible, it is likely that many materials will be 
disposed. Ensuring that the debris is removed in a timely fashion is important to protect the 
safety of the community and to return the community back to normal. 

2.4	 HARMFUL MATERIALS IDENTIFICATION AND HANDLING 
RECOMMENDATIONS 

During the course of a natural disaster, materials are generated that have the potential to harm 
human health or the environment. Examples of materials gathered during previous natural 
disasters and handled as hazardous wastes include automotive/marine batteries, pesticide 
containers, explosives, automotive oils, fuels and fluids, solvents, paint thinners and strippers, 
and compressed gas containers. Separating these materials into appropriate categories 
prevents incompatible materials from reacting.  A plan for controlling and diverting hazardous 
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materials from the debris stream, including handling procedures, helps avoid the release of 
hazardous constituents into the environment.  Waste handlers should be trained to minimize 
releases. At a hazardous waste bulking site, safeguards should be implemented to prevent 
releases (see Section 2.2.4). An example of a household hazardous waste bulking center used 
during the Hurricane Katrina clean-up in Orleans Parish is included in Appendix B.  Federal or 
state officials should be contacted to determine if there are requirements for obtaining an 
emergency hazardous waste storage permit or other facility requirements.  All state and 
federally-regulated hazardous wastes should be managed in an appropriate hazardous waste 
treatment or disposal facility that complies with federal, state and local regulations. 

If a release does occur, minimize dispersion and control the release as best as possible.  Then 
call the state environmental agency and the National Response Center (NRC).  The NRC, 
located at U.S. Coast Guard (USCG) Headquarters, is the national communications center 
continuously manned for handling activities related to response actions.  The NRC acts as a 
single point of contact for all pollution incident reporting and as the National Response Team 
communications center. The center is available 24 hours a day, 365 days a year at (800) 424­
8802. For more information on the federal regulations that apply to hazardous waste 
management, please visit (http://www.epa.gov/osw). 

Household items that display one or more of the following characteristics - ignitability, 
corrosivity, reactivity, or toxicity - are known as household hazardous wastes (HHW). 
Examples include motor oil, automobile batteries, paints and solvents, household cleaners and 
drain openers, swimming pool chemicals, pesticides, and compressed gas tanks (such as propane 
and oxygen). EPA advises that these types of debris be segregated for special handling.  For 
example, residents could be directed to bring HHW to a specified location or collection event.  
Additionally, residents could be informed to set HHW at the curb for special collections of 
these materials.  Residents should be advised not to commingle HHW with other debris or 
dispose of these substances with their normal MSW collection.  A sample flyer that was used to 
inform the public of HHW handling after Hurricane Katrina in Louisiana is included in Appendix 
B. 

Asbestos-containing material (ACM), such as asbestos pipe wrap, siding, ceiling tiles, and 
other building materials, may be found in structures.  Planners should be aware that there are 
regulations that govern the removal (where necessary) and management of ACM from 
structures affected by a natural disaster.  These regulations may affect the 
demolition/deconstruction of buildings and subsequent debris removal.  Planners should 
consider, as part of their planning activities, how to handle such situations and how to best 
advise the public.  To the extent that demolition or renovation activities are necessary in 
connection with any such facility, the requirements of the asbestos regulations under the 
National Emissions Standards for Hazardous Air Pollutants (NESHAP) may be applicable (40 
Code of Federal Regulations (CFR) part 61, Subpart M).  This document does not address in 
detail the asbestos NESHAP requirements that apply to buildings/residences that remain 
standing or are partially standing and require further demolition.  It also does not address 
debris management from renovations of buildings/residences.  Regulated asbestos containing 
material must be removed prior to demolition under the supervision of a person trained in 
accordance with the regulations.  The material must be adequately wetted throughout the 
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process and disposed of properly, which includes labeling, transportation requirements, tracking 
the waste, recordkeeping, and disposal in a landfill that meets specific NESHAP requirements 
for disposal. In some instances, individual states have promulgated their own asbestos 
regulations and are authorized to take the lead in implementing and enforcing them.  To the 
extent that an entity is dealing with debris from structures already demolished by a natural 
disaster (as opposed to human demolition), the requirements of the asbestos NESHAP (or the 
state equivalent) may not be applicable. If there is any question as to the applicability of the 
asbestos regulations, contact and coordinate with the appropriate local, state, and federal 
authorities. No materials suspected to contain asbestos should be ground or incinerated at 
debris management sites (40 CFR 61.145(c)(10)).  The material can be disposed and many MSW 
and C&D landfills have handling procedures for these materials.  Contact the state or landfill for 
guidance. Additional information, including EPA and state contacts, can be found at:  
(http://www.epa.gov/asbestos/ and http://www.epa.gov/asbestos/pubs/regioncontact.html). 
Planners should also be aware that in past disaster recovery efforts, communities were able to 
secure “No Action Assurance (NAA)” letters from the EPA to allow for more regulatory 
flexibility in removing damaged structures that may contain asbestos in times of extreme 
hardship. These NAA letters allow the demolition of entire structures without first removing 
ACM, but the entire structure must then be managed as ACM.  Planners should assess the 
possibility of hardship due to the amount of ACM that could be produced from a natural 
disaster in their area and determine the steps that would be needed to secure an NAA letter 
quickly. Examples of NAA letters issued during the Hurricane Katrina recovery can be found at 
(http://cfpub.epa.gov/compliance/resources/policies/civil/caa/katrina/#944). Guidance given by 
the EPA regarding asbestos management during that recovery effort can be found at: 
(http://www.epa.gov/katrina). 

PCBs may be located in transformers attached to downed utility poles.  Debris management 
personnel should notify the local electric utility if a downed pole is encountered.  If a 
transformer appears to be leaking and does not have a sticker declaring that it is PCB-free, 
personnel should immediately notify the regional EPA office and the electric utility, as well as, 
restrict public access to the area using temporary fencing or barrier tape.  In the absence of 
identifying information, it is best to assume a transformer contains PCBs.  PCB clean-up is 
subject to the Toxic Substances Control Act (TSCA) regulations (40 CFR 700-789).  
Information about the management of PCB wastes can be found on EPA’s website 
(http://www.epa.gov/pcb). This website features lists of facilities that can both store and 
dispose PCB wastes. 

Storage tanks, both those above ground and underground, potentially could release 
petroleum or hazardous substances and pose significant risk to health, safety, and the 
environment. Storage tanks always should be addressed with care.  If, for example, gasoline 
pumps or vent pipes are present near a damaged building, or if an unknown tank or cylinder is 
discovered, debris collection activities should be stopped, the area sealed off, and the state 
environmental agency should be contacted for assistance.  Additional information can be found 
from the EPA’s Office of Underground Storage Tanks website (http://www.epa.gov/oust). 

Firearms and ammunition kept in the home can be part of the disaster debris stream if 
homes are affected.  Prompt collection of these items is important to ensure the safety of the 
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public. Coordination with local and state law enforcement is important to determine what 
entity will collect this debris, how it will be collected, and how it will be managed.   

2.5 RECYCLING OPTIONS 

EPA recommends that any disaster debris management plan include a strategy for reuse, 
recycling, and mulching/composting.  Due to the potentially large volumes of material produced 
in a natural disaster, recycling and reuse will lessen the burden on disposal facilities, cut costs, 
and provide a valuable material resource.  Recycling conserves natural resources by replacing 
them with recovered products that perform the same function.  Reuse and recycling (including 
mulching/composting), coupled with efficient processing and transportation, not only conserves 
natural resources but also helps reduce the amount of greenhouse gas emissions and saves 
landfill space. 

EPA also recommends that disaster debris management plans set priorities for reusing and 
recycling disaster debris materials.  Innovative reuse options can be identified in advance rather 
than trying to find appropriate options after the disaster occurs.  These priorities and options 
should be detailed in a community’s disaster debris management plan and pre-negotiated 
contracts. It is advisable to coordinate with FEMA on these priorities during the planning stage 
before a disaster to help ensure reimbursement. 

Implementing a plan for reuse and recycling disaster debris is much easier if a community 
already has a reuse and recycling program in place.  Many of the permitting, compliance, 
collection, processing, and marketing issues will have been largely resolved before the disaster 
strikes. With a recycling program in place, the community will need only to expand current 
recycling practices after the disaster, rather than design and implement new practices.  This is 
not to suggest that recycling opportunities cannot be created.  For example, San Diego County, 
California created several recycling operations after the 2003 wildfires (see Appendix A).  
Processing may be necessary to turn the material into a usable product.  Processing can occur 
at a recycling facility or a debris management site.  Certain materials should not be ground or 
burned, however, and should be removed from the waste stream before doing so.  

Many of the materials generated by natural disasters are recyclable and can be utilized.  Local 
governments should identify available recycling markets for debris materials.  Inventories of 
existing local recyclers of scrap metal, white goods, mixed C&D materials, land clearing debris, 
concrete, asphalt pavement, hazardous waste, HHW, and electronics could be made.  
Arrangements to use their services should be in place in the event of a disaster and be 
described in the disaster debris management plan.  EPA also recommends that planners identify 
the sites where recycling will occur, any equipment needed, how to process the material 
according to market specifications, as well as consider transportation distances.  Transporting 
some materials long distances may make recycling too costly, both economically and 
environmentally. The further a material must be moved, the more it will cost and the more 
fuel will be burned to move it there.  Due to the large amounts of debris produced after major 
natural disasters, provisions may be needed for storing the material for an extended time 
before transport and recycling can occur. For some debris materials (e.g. HHW), however, 
regulations may restrict how long such materials can be stored.  Check with state 
environmental representatives for such restrictions. Planners should also check with state 
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representatives to understand if there are any additional requirements pertaining to the reuse 
of building materials. 

Building materials, normally part of the C&D materials stream, are generated by the total or 
partial destruction of structures during disasters and can represent a large portion of disaster 
debris. Re-building following a natural disaster also can lead to a surge in generation of 
discarded building materials.  These materials often include bulky, heavy materials that include 
masonry materials, such as bricks and blocks, and concrete which can be crushed into aggregate 
and reused in road reconstruction or as fill.  Additional information about recycling concrete 
can be found at http://www.concreterecycling.org. Lumber and other wood products can be 
directly reused or ground and used for boiler fuel, mulch, and engineered lumber.  Care should 
be taken to separate lead-based paint coated wood and chemically-treated lumber from other 
“clean” wood for recycling markets, to the extent possible.  Pests, such as Formosan termites, 
Asian Borers, or Ash Borers, may restrict the shipment of wood materials to other 
geographical areas.  Consult with the state agricultural department for guidance on pests of 
concern in a specific geographical area.  Lead-based paint (LBP) should be removed from 
wood meant to be recycled as mulch or composted.  Lead-based paint was banned from 
housing in 1978, but may continue to exist in older housing.  Asphalt shingles can be recycled 
into new asphalt pavement mixes.  They also can serve two purposes at a cement kiln: 
combustion of the shingles provides energy in the kiln and the remaining mineral components, 
containing the limestone granules, serve as a raw material for cement.  Information about 
recycling asphalt shingles can be found at http://www.shinglerecycling.org. Gypsum drywall can 
be recycled into new drywall, cement, and agricultural uses.  More information about recycling 
drywall can be found at http://www.drywallrecycling.org. Metal is almost always recycled back 
into other metal products and recycling opportunities are available in virtually every area 
around the country. More information can be found at the Institute of Scrap Recycling 
Industries’ website (http://www.isri.org) or the Steel Recycling Institute’s website 
(http://www.recycle-steel.org). Lists of C&D materials recyclers and reuse stores can be found 
at the Construction Materials Recycling Association’s website (http://www.cdrecycling.org/), the 
Building Materials Reuse Association’s (BMRA) website (http://buildingreuse.org), and the 
Whole Building Design Guide website (http://www.wbdg.org/tools/cwm.php). Many state and 
community environmental protection agencies also keep lists of C&D materials recyclers.  The 
Association of State and Territorial Solid Waste Management Officials (ASTSWMO) keeps a 
webpage that links to the state solid waste websites 
(http://www.astswmo.org/resources_stateagencylinks.htm). The Construction Industry 
Compliance Assistance Center also provides information on C&D materials recycling in various 
states (http://www.cicacenter.org). Deconstruction techniques can be considered for standing 
buildings to help ensure that the materials will be segregated and in proper condition for reuse 
or recycling.  More information about deconstruction can be found at the BMRA website and 
the National Demolition Association’s website (http://www.demolitionassociation.com). The 
C&D materials recycling field has witnessed several recent technological advances that make 
debris sorting and recycling more feasible. For example, portable hydraulic grinders are now 
available that can handle wooden framing material, gypsum drywall, block, and brick at the job 
site. New screening systems also have been developed to facilitate and expedite sorting.  Slow-
speed, high-torque shredders that reduce noise, dust, and vibration are being utilized to shred 

23 

http://www.concreterecycling.org/
http://www.shinglerecycling.org/
http://www.drywallrecycling.org/
http://www.isri.org/
http://www.recycle-steel.org/
http://www.cdrecycling.org/
http://buildingreuse.org/
http://www.wbdg.org/tools/cwm.php
http://www.astswmo.org/resources_stateagencylinks.htm
http://www.cicacenter.org/
http://www.demolitionassociation.com/


 

 

 

 

 

Planning for Natural Disaster Debris 

mixed bulky materials. More information about C&D materials recycling can be found at the 
EPA’s C&D materials website (http://www.epa.gov/cdmaterials). 

Road and bridge materials, also normally part of the C&D materials stream, can be 
generated when roads and bridges are washed out or collapsed during disasters.  Road and 
bridge materials typically consist of large amounts of asphalt pavement, concrete, and steel.  All 
of these materials are frequently recycled in normal settings and recycling opportunities can 
usually be readily found. As discussed in the building materials section, lists of C&D materials 
recyclers can be found on many websites.  The Asphalt Recycling and Reclaiming Association 
can also provide information (http://www.arra.org). More information about C&D materials 
recycling can be found at the EPA’s C&D materials website.  The U.S. Department of 
Transportation’s (DOT) Federal Highway Adminstration (FHWA) can also provide assistance 
(http://www.fhwa.dot.gov/pavement/recycling). 

Vegetative debris (or green waste) consists of uprooted trees, broken tree limbs, stumps, 
brush, and leaves. This debris can be ground and used as mulch for residential, commercial, or 
agricultural areas, for producing compost, as landfill cover, and for boiler fuel.  Whole trees, 
from both rural and urban areas, could also be used as a timber resource.  Trees could be de-
limbed at storage sites prior to transporting them to end-users, such as sawmills, veneer or 
panel makers, pulp and paper mills, wood pellet mills, furniture makers, specialty wood 
companies, and engineered wood companies.  Pre-negotiated contracts may provide some 
revenue or cost-free labor for the community where wood companies are able to recover large 
amounts of undamaged logs or specialty companies are capable of recovering large diameter or 
high value logs.  Vegetative debris typically can be ground into mulch and reused.  If the quantity 
of mulch exceeds typical usage, local planners may be able to identify large-scale landscaping 
opportunities that may be able to use the material, such as landscaping in parks and recreation 
areas, along roadsides or railways, amusement parks, military installations, in efforts to reclaim 
brownfields, or at temporary debris storage sites. Visit EPA’s GreenScapes website for 
information on large-scale landscaping opportunities (http://www.epa.gov/greenscapes). 
Additional information on the management of and the potential end uses of vegetative debris 
are available from the US Composting Council (http://www.compostingcouncil.org). It is 
important to keep vegetative debris segregated from other debris because contamination with 
other materials limits the ways in which this debris can be managed. Contamination can be 
limited by using proper handling techniques. Pests, such as Formosan termites or citrus canker, 
may restrict the shipment of these materials to other geographical areas.  Consult with the 
state agricultural department for guidance on pests of concern in a specific geographical area.  

Treated wood should be handled separately from vegetative debris being recycled.  Besides 
wooden utility poles, other lumber that may be chemically-treated includes decks, fences, 
landscaping materials, wood bridges, and railroad ties.  Treated wood contains chemical 
preservatives that can contaminate recycled wood products.  These woods can be combusted 
in waste-to-energy facilities, provided the facilities comply with existing federal, state and local 
requirements, but they should not be “open burned” in piles, in order to prevent adverse 
impacts to human health from inhalation and to the environment.  More information about 
treated wood can be found at: http://www.ccaresearch.org. 
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Automobiles and Boats may be ruined by many types of disasters. They are typically 
recycled under normal circumstances, so recycling opportunities are likely to exist.  Vehicles 
may have title and ownership issues before they can be scrapped.  All fluids should be drained 
and managed appropriately.  Batteries, tires, gas tanks, airbags, and mercury switches should be 
removed and managed appropriately. More information can be found from the Automotive 
Recyclers Association (http://www.a-r-a.org). 

White goods are household appliances such as stoves, refrigerators, washers and dryers, and 
hot water heaters.  These items can be segregated for recycling.  Refrigerators and freezers 
require special attention because they may contain putrescible wastes, refrigerants, and 
capacitors containing PCBs. Refrigerant-containing appliances (RCAs), including refrigerators, 
freezers, and window air conditioner units, should be handled by EPA-certified refrigeration 
technicians or recycling centers to prevent releases.  The recycler must certify to EPA that 
certain standards are being met.  Verify that the recyclers are meeting these requirements by 
asking them to provide a copy of the certification they have sent to EPA.  EPA maintains a 
current list of approved refrigerant recyclers.  Confirm the approval status of an RCA recycler 
by contacting EPA's Ozone Protection Hotline (800-296-1996) or by accessing EPA's Office of 
Air and Radiation Stratospheric Protection Division web page 
(http://www.epa.gov/ozone/title6/608/reclamation/reclist.html). More information about safe 
federal disposal procedures for household appliances that use refrigerants can be found at: 
(http://www.epa.gov/ozone/snap/emissions/downloads/SafeDisposalBrochure.pdf). 

Putrescible wastes (including animal carcasses) rot or decay quickly and should be 
segregated accordingly and quickly managed. This debris category includes fruits, vegetables, 
meats, dairy products and other produce from grocery stores, restaurants, schools, hospitals, 
and residences.  It can also include animal carcasses.  Some putrescible wastes can be 
composted or rendered. More information about composting food and other putrescible 
wastes can be found at the EPA’s Food Waste Recovery Hierarchy website 
(http://www.epa.gov/epaoswer/non-hw/organics/fd-hier.htm). Information on rendering can be 
found on the National Renderers Association website (http://www.renderers.org). For 
additional help on proper management of animal carcasses after a disaster, consult the state’s 
department of agriculture or the U.S. Department of Agriculture (USDA).  The USDA provides 
leadership, technical expertise, and assistance for the management of animal carcasses.  The 
USDA has produced “Disaster Planning,” technical assistance on how to prepare for a disaster 
(http://www.nal.usda.gov/awic/pubs/IACUC/dis.htm). Kansas State University, Purdue 
University, and Texas A&M University produced “Carcass Disposal: A Comprehensive Review” 
for USDA’s Animal and Plant Health Inspection Service (APHIS)  (http://fss.k­
state.edu/index.php?option=com_content&task=view&id=17&Itemid=37). APHIS also maintains 
the National Animal Health Emergency Management System Guidelines, which provide 
information that may be integrated into the preparedness plans of other Federal, State and local 
agencies, Tribes, and additional groups involved in animal health emergency management 
activities (http://emrs.aphis.usda.gov/nahems.html). More information about USDA’s assistance 
programs can be found in Chapter 4. The National Association of State Departments of 
Agriculture can provide contacts and links to state agriculture departments 
(http://www.nasda.org/). 
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Sediment accumulations occur when wind or water displaces sand, silt, or soils that could be 
removed as part of the cleanup. Sediments suspected to be contaminated should be tested for 
contaminants and screened to remove other debris.  If not contaminated, they can be returned 
to their original location, used as fill in reconstruction projects, or used as cover material in 
landfills. 

Electronics waste can be generated by any type of natural disaster and include televisions, 
desktop and laptop computers, computer attachments, stereo equipment, and cell phones.  
Computer monitors and older TV picture tubes contain an average of four pounds of lead and 
may require special handling. Some states have specific regulations for handling TVs and 
monitors. In addition to lead, electronics can contain chromium, cadmium, mercury, beryllium, 
nickel, zinc, and brominated flame retardants. Many organizations accept electronics for reuse. 
Electronics that are too damaged to be repaired and reused should be recycled.  The Electronic 
Industries Alliance has a database of electronics recyclers on its website (http://www.eiae.org). 

Disaster Debris Recycling In Action 

EARTHQUAKE   Spurred by the Northridge earthquake in 1994, Los Angeles officials 
declared recycling as a priority and expanded the City’s recycling capability with the support of 
FEMA and local businesses.  C&D materials made up a large fraction of the debris.  The City 
developed contracts with existing businesses, provided them with source-separated materials, 
and piloted a project to recycle mixed debris. After only one year, Los Angeles created more 
than 10,000 tons per day of privately operated processing capacity for C&D materials.  By the 
end of the cleanup, the City recycled 56% of all of the materials collected since the earthquake 
for less than the cost of disposal in landfills.  

FLOOD   In October 2005, the western part of the State of New Hampshire was subjected to 
intense flooding and damage. The Town of Alstead received approximately 12 inches of rainfall 
in a 30-hour period. After the flooding, materials were sorted into separate piles of tires, 
wood, cars, metal, and trees. Trees were shredded into wood chips and topsoil was recovered 
by screening some of the woody debris.     

HURRICANE   In the aftermath of the 2004 hurricane season, Seminole County, Florida, 
processed more vegetative debris than the total amount processed over the entire previous 
decade. Most of the vegetative debris was wood waste, which the County ground into mulch. 
The County used 360 tons of the ground mulch to establish temporary debris storage and 
processing site. The mulch was used as a good road base for heavy machinery and vehicles 
because the ground was saturated. 

TORNADO   On May 3, 1999, 51 tornadoes struck 18 Oklahoma counties generating an 
estimated 1.6 million cubic yards of debris, or enough to fill a football field five stories high. 
USACE and Oklahoma state officials estimated that every one million cubic yards of debris 
would reduce a landfill’s life by five years.  In response, Oklahoma designated recycling as a 
priority in the management of the debris and sorted it into recyclables, mixed debris, vegetative 
debris, and HHW. Only the mixed debris and HHW were disposed.  EPA assisted in managing 
HHW and selecting the appropriate landfills for its disposal.  
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WILDFIRE   Los Alamos County, New Mexico, endured the Cerro Grande wildfire in May 
2000. The fire consumed more than 47,000 acres and destroyed more than 400 residential and 
commercial structures. Of the 162,000 cubic yards of debris generated, approximately 95% of it 
was reused or recycled.  Solid waste officials excavated and crushed building foundations and 
retaining walls into a reusable aggregate and stockpiled it for use on future road construction 
projects. They also chipped burned trees and other vegetative waste for use as mulch at a local 
golf course that was under construction. The County also segregated all metal and delivered it 
to local scrap yards.  

WINTER STORM   In October 1997, the City of Lincoln, Nebraska processed more than 
350,000 cubic yards of debris generated from a severe snow and ice storm—seven times the 
average annual volume of vegetative debris typically managed by the City. This debris was 
chipped into mulch and stockpiled for future use in City landscaping operations. City officials 
also contacted a number of nurseries, landscapers, and cattle operations, which used some of 
the material for mulch or animal bedding. 

2.6 WASTE-TO-ENERGY OPTIONS 

Natural disaster debris may be sent to a waste-to-energy facility, depending on the types and 
amounts of debris present. Typical non-hazardous waste-to-energy facilities can handle many 
types of debris, including vegetative debris, C&D materials, furniture and other home contents, 
and putrescible wastes. Additional storage capacity may be necessary for this material as 
natural disasters often produce more material than a typical combustor can handle.  Since these 
facilities often are equipped with air pollution controls, contamination that can pose a problem 
to recycling and composting operations (such as treated wood) may not be a problem here.  
Some waste-to-energy facilities require that the debris be ground prior to receiving it and this 
could be addressed in any pre-negotiated contracts.  The Integrated Waste Services 
Association can provide additional information and assistance locating a waste-to-energy facility 
(http://www.wte.org). 

Natural disasters can create large amounts of vegetative debris (the primary biomass produced 
from many natural disasters) that could be used as a fuel or energy source. Using biomass to 
create energy instead of disposing it via open burning or in landfills has both environmental and 
economic benefits.  Environmental benefits include saving landfill capacity and reducing air 
emissions (Western Governors’ Association 2006; Jambeck et al. 2007).  The Council of 
Industrial Boilers can provide additional information and assist in locating an industrial boiler 
that can take biomass generated from a disaster (http://www.cibo.org). 

Woody biomass is a product of natural disasters, such as hurricanes and tornadoes. Most of 
this material is left to decay, burned in place or hauled to landfills.  This woody biomass 
represents a potential source of raw material to produce small wood products, energy in the 
forms of heat, fuel or electricity and other useful products such as mulch or erosion control 
products. Using woody biomass, instead of wasting or burning it, has numerous economic and 
environmental benefits. A Federal interagency woody biomass utilization group (WBUG), 
composed of technical specialists, has a mission of encouraging the use of woody biomass. 
Their website (http://www.forestsandrangelands.gov/Woody_Biomass/wbug.shtml) provides 
tools and resources that communities may use to help address biomass utilization. 
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Power plants that accept biomass may exist near communities affected by disasters, so 
delivering the materials to power generators instead of landfills may require little extra effort or 
cost. Identifying facilities that can accept vegetative debris can be mutually beneficial to all 
parties involved. One obstacle that may exist is that the volume of debris may be much more 
than the facility can handle.  Several different methods of materials management might be 
needed to effectively deal with very large quantities of material in a timely manner.   

One way to evaluate potential biomass markets is to involve the state forestry or natural 
resources agency. Some states plan to actively inventory available biomass in forest areas and 
strategically manage standing timber to limit vegetative debris in the event of a natural disaster. 
These actions can be performed via GIS systems, satellite imagery, and aerial photography. 
Using such techniques can allow planners to develop risk maps and scenarios for natural 
disaster response. For more information on how biomass can be used to produce energy, visit 
http://www1.eere.energy.gov/biomass. 

Recent Biomass Successes 

Florida – Nearly half of the vegetative debris generated by Hurricanes Charley, Frances, and 
Jeanne in Polk County was used to generate electricity by Progress Energy. The company’s 
Ridge Generating Station received about 800,000 cubic yards of debris. County officials stated 
that this was not only the most environmentally preferable option, but also the most cost 
effective. 

Louisiana and Mississippi – Green Energy Resources, a company that provides renewable 
energy, purchased one million tons of vegetative debris from Louisiana and Mississippi in 
September 2005, after Hurricane Katrina. The debris was sent to the United Kingdom to fulfill 
an annual contract for more than five million tons of wood chips. The company later 
purchased another one million tons for use in power plants in the northeastern United States.  

Texas – American Biorefining, an alternative power company in Nacogdoches salvaged 
millions of tons of shattered trees, branches, and other forest debris left behind by Hurricane 
Rita in 2005. The vegetative debris was shredded into biomass fuel and shipped to various 
European countries to be used for power generation. 

2.7 DISPOSAL OPTIONS 

Once reuse, recycling, and waste-to-energy opportunities are exhausted for debris generated 
by natural disasters, either due to economics or otherwise not practicable, the remaining debris 
should be disposed properly and safely. Most of the debris generated from natural disasters is 
not hazardous and can be disposed, as appropriate, in a C&D landfill, MSW landfill, or non­
hazardous solid waste combustor regulated by a state agency.  States are the lead for 
implementing and permitting non-hazardous waste disposal options.  MSW landfills have waste 
acceptance criteria, siting criteria, operational requirements, design standards, groundwater 
monitoring/clean air regulations, and closure/post-closure standards which ensure protection of 
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human health and the environment. C&D landfills also have waste acceptance criteria, siting 
criteria, operational requirements, and design standards.  C&D landfill requirements tend to be 
less stringent than MSW landfill standards given that the type of debris received by C&D 
landfills generally is considered more inert.  It is important to check with state/local 
environmental agencies to determine appropriate C&D landfill requirements and to 
ensure/prepare for compliance of those requirements when landfill capacity is needed 
expeditiously after a disaster.  

Monitoring incoming disaster debris is important at disposal facilities due to the large volumes 
of debris and the potential for contamination from hazardous wastes and other debris of 
concern. Thus, it is recommended that when a truck enters the staging or disposal areas, 
spotters check the load for volume and contaminants not allowed at that site.  Spotters also are 
appropriate where the truck tips its load at the disposal site and in the field where debris is 
being collected and sorted. Once any contaminants are removed, some of the non-hazardous 
debris can be ground to reduce its volume and thereby preserve landfill capacity. 

Processing may be necessary to reduce the volume prior to disposal.  This can be done at the 
landfill or at a temporary debris management site.  Volume reduction can be performed by 
grinding the material or burning it.  Volume reduction not only lessens the burden on landfill 
capacity, but also means that fewer trucks will be needed to move the material if the material is 
taken to a temporary debris management site or transfer station.  Certain materials should not 
be ground or burned, however, and should be removed from the waste stream before doing 
so. These materials are discussed in detail in the previous and following sections.   

Mixed debris typically includes a mixture of all types of debris.  Due to its diversity, this debris 
stream is sometimes too mixed for cost-effective segregation.  Hazardous wastes should be 
removed prior to disposal so that all the waste need not be managed as hazardous.  Putrescible 
wastes should be segregated accordingly and disposed in a MSW landfill.  Major components of 
mixed debris are usually building materials, vegetative debris, HHW, and home contents, such 
as furniture and personal property. Building materials, normally considered part of the C&D 
materials stream, can be disposed in a C&D landfill.  In many states, vegetative debris and home 
furnishings are also allowed to be disposed in a C&D landfill.  These materials generally are not 
considered hazardous wastes under federal law and, therefore, are not required to be disposed 
as such. Similarly, C&D wastes are not considered MSW.  C&D landfills are subject to federal 
criteria under 40 CFR 257, but many states have additional requirements.  One main 
component of C&D materials is drywall (also known as sheetrock or wallboard).  Drywall 
consists of a gypsum core sandwiched between two sheets of paper.  Placing drywall in a landfill 
may lead to potential hydrogen sulfide (H2S) generation-related concerns.  Under anaerobic 
conditions that exist in landfills and in contact with moisture, drywall decomposition has been 
shown to result in H2S generation.  Hydrogen sulfide may pose an odor problem and, in very 
large concentrations, may pose a health risk to landfill workers and nearby residents.  A memo 
that discusses best management practices at a C&D landfill that generated H2S can be found at 
(http://www.epa.state.oh.us/dsiwm/document/newsPDFs/cdd_h2s_bmps.pdf). Drywall can be 
recycled and such opportunities should be investigated pre-disaster.  Where drywall cannot be 
recycled, odor mitigation at landfills can be performed by using various cover materials, such as 
sand, crushed concrete fines, lime, or mulch.   
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2.8	 OPEN BURNING 

Open burning includes both burning debris in an open pit and burning debris in an air curtain 
incinerator (ACI).  The air curtain burning method incorporates a pit constructed by digging 
below grade or building above grade (if there is a shallow groundwater table) and a blower.  
The blower and pit make up an engineered system which must be precisely configured to 
properly function. The blower must have adequate air velocity to provide a "curtain effect" to 
hold smoke in and to feed air to the fire below.  The pit configuration must have a precise 
width, depth and length to compliment the blower.  Some incinerators are portable and utilize 
a pre-manufactured pit in lieu of an onsite constructed earth/limestone pit.  Portable ACIs are 
the most efficient burning systems available.  This is due to the pre-manufactured pit which is 
engineered to precise dimensions to complement the blower system.  The pre-manufactured 
pit requires little or no maintenance as compared to earth or stone constructed pits which are 
susceptible to erosion and sluffing. Portable ACI units are more suitable for areas with shallow 
groundwater tables, sandy soils, and where opacity (smoke) must be kept to a minimum. 

Open burning often is subject to significant public concern, but state/local officials may allow it 
when needed if storage is lacking and debris amounts are large.  All open burning should be 
conducted in accordance with state regulations.  Open burning shall not violate applicable 
requirements developed under a State Implementation Plan (SIP) approved or promulgated by 
the Administrator pursuant to Section 110 under the Clean Air Act (CAA).  Best practices 
should be used in opening burning to protect human health and the environment.  Typically, 
only vegetative debris is burned in an open pit, while both vegetative debris and segregated 
clean building material may be burned in an ACI.  Treated wood and wood coated with lead-
based paint should be removed from the waste stream before open pit burning or ACI.  No 
materials suspected to contain asbestos should be burned at debris management sites (40 CFR 
61.145(c)(10)). Communities can contact and coordinate with the appropriate local, state, and 
federal authorities if there is any question as to the applicability of the asbestos NESHAP (or 
the state equivalent) if ACM is suspected to be present.    

2.9	 SUMMARY OF APPROPRIATE ENVIRONMENTAL PRACTICES CONCERNING 
DISPOSAL ISSUES 

In responding to any natural disaster, being prepared to manage disaster debris is very 
important. Planning ahead of time should help a community achieve its goal of utilizing 
environmentally acceptable practices.  Being prepared will help local officials ensure that: 1) 
hazardous wastes are being properly managed, 2) storage or staging locations have been sited in 
acceptable locations, 3) available landfill capacity is used appropriately and that new debris 
management units or closed units that are reopened have appropriate siting restrictions and 
controls in place, and 4) reuse and recycling opportunities are used to the fullest extent 
possible. 

The first line of defense for disposal problems is to segregate debris materials and manage them 
appropriately. While recycling and reuse is preferred for most debris types, disposal is often a 
consideration. Segregating debris is best performed at the original deposited point, such as 
through curbside or field separation. Thus, residents and businesses should be educated and 
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instructed to segregate the debris into appropriate piles where feasible.  Also, debris haulers 
should consider collecting the different types of debris separately.  Debris can also be sorted at 
the temporary storage site or disposal site. Making sure that the appropriate debris is managed 
at the correct type of facility through separation and spotting can help achieve beneficial 
recovery as well as protection of human health and the environment.  

Once debris is segregated and recycling occurs, management of the remaining debris needs to 
take place. Communities will, in some cases, be able to use existing capacity at debris 
management facilities.  The use of an existing debris management facility should always be 
considered appropriate because existing facilities have been designed with adequate controls as 
previously determined by the state agencies.  State solid waste management agencies typically 
have requirements for debris management facilities to consider minimization of odors and 
disease vectors, to have run-on and run-off controls, to provide daily cover, to limit access to 
the public, to have design standards, to provide for monitoring and to provide for adequate 
setbacks.  Setbacks are typically considered for property boundaries, drinking water wells, 
surface water bodies, groundwater recharge areas, and public water supplies.  In addition to 
adequate setbacks, certain locations, such as floodplains, wetlands, and close proximity to 
drinking water supplies are typically required to be avoided.  

Local officials may want to consider their existing capacity and the potential need to open new 
debris management facilities or open previously closed debris management facilities.  If a 
community is faced with limited debris management space, one option is to re-open a closed 
debris management facility. This can be preferable to siting a new debris management facility if 
the closed debris management facility was originally engineered to protect the environment and 
is located in an area with favorable hydrogeologic conditions.  Environmental assessment and 
monitoring may be necessary before, during, and after the debris has been placed in the re­
opened debris management facility, as determined by the state/local environmental agency.  The 
environmental assessment and monitoring are the responsibility of the local government or 
other facility owner/operator, working with and obtaining approval from the state/local 
environmental agency.  Attempting to conduct an assessment after a disaster occurs can delay 
debris management, increase citizen anxiety, and limit the extent of the assessment. 

A new debris management facility may be necessary if sufficient capacity does not exist and 
closed debris management facilities are not an option due to distance or lack of environmental 
protection. New debris management facilities should be sited in areas with favorable 
hydrogeologic conditions. Environmental assessment and monitoring may be necessary before, 
during, and after the debris is placed in the new facility, as determined by the state/local 
environmental agency. Any new facility sited under emergency circumstances should comply 
with applicable state operational requirements.  Focused pre-incident planning and preparation 
in regard to potential disaster debris land disposal capacity needs will alleviate much of the 
chaos, confusion and stress of all involved with this issue after a disaster has occurred. 

Finally, it is recognized that while recycling and reuse of materials are preferred, it is not always 
possible to accomplish this while keeping protection of human health and the environment as a 
priority. Protection of human health and the environment should always take precedence. 
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3 State, Local, and Private Resources Available To Help 

State and local governments are typically the first source of assistance to a community in the 
wake of a natural disaster. Many states and communities have prepared or are also preparing 
for disasters and are generally willing to share information and resources.  Such assistance 
typically is available to communities impacted by natural disasters, regardless of whether they 
receive a federal disaster declaration. 

3.1 STATE GOVERNMENTS 

State emergency management agencies and the solid waste management programs of state 
environmental agencies have specific roles to play in managing disaster debris. The state 
emergency management agency serves as the local government’s liaison to FEMA during the 
disaster and cleanup. The state environmental agency also can make special accommodations 
for the extraordinary debris management needs resulting from a natural disaster.  State 
emergency management and environmental agencies can issue emergency management orders 
to help local governments better manage debris in order to protect human health and the 
environment. The National Emergency Management Association can provide state emergency 
management agency contacts (http://www.nemaweb.org). ASTSWMO has compiled a List of 
State Disaster Response Information that can be found at 
(http://www.astswmo.org/publications_solidwaste.htm). ASTSWMO represents state solid 
waste regulators and can provide appropriate contacts and information. 

3.2 MUTUAL AID AGREEMENTS AND OTHER LOCAL RESOURCES 

State and local governments can enter into mutual aid agreements with neighboring state and 
local governments prior to any natural disaster.  Such an agreement could provide for either 
binding commitments or nonbinding intentions of support to assist one another in the event of 
a natural disaster. Through these agreements, communities can loan equipment and personnel 
with specific expertise or experience.  

The Emergency Management Assistance Compact (EMAC) is an example of a mutual aid 
agreement between states. Established in 1996, EMAC is a congressionally ratified organization 
that provides form and structure to interstate mutual aid.  Through EMAC, a disaster-impacted 
state can request and receive assistance from other member states quickly and efficiently, 
resolving two key issues upfront: liability and reimbursement.  After a state’s governor declares 
a state of emergency, an authorized state official from the affected state contacts EMAC and 
requests assistance.  EMAC deploys a team to determine needs, costs, and availability of 
resources. EMAC then assists the state in negotiating costs, and the responding states send the 
requested resources.  After the cleanup is underway, and the affected state returns to normal 
operations, the responding state requests reimbursement of costs.  More information on 
EMAC can be found at (http://www.emacweb.org). 

Local Emergency Planning Committees (LEPCs) were established by the Emergency Planning 
and Community Right-to-Know Act (EPCRA), which includes emergency planning and 
community right-to-know requirements.  Many communities have a LEPC.  The purposes of the 
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LEPC are: development, training, and testing of the hazardous substances emergency response 
plan for the community; development of procedures for regulated facilities to provide 
information and emergency notification to the LEPC; development of procedures for receiving 
and processing requests from the public under EPCRA; provision of public notification of LEPC 
activities.  A major role for LEPCs is to work with industry and the interested public to 
encourage continuous attention to chemical safety, risk reduction, and accident prevention by 
each local stakeholder.  To be prepared for a hazardous material incident in a community, the 
LEPC coordinates with community officials, first responders and industrial representatives, for 
the purpose of developing a detailed emergency plan designed to ensure public safety. 

3.3 INFORMATION SHARING 

One of the best ways to prepare for disasters is to learn what other communities have 
experienced. Appendix A contains some cases studies about lessons learned, but there are 
many others that are not captured here. Consider partnering with a similar community that 
has prepared or is currently preparing for natural disasters, whether in the same state or 
elsewhere. Develop an information sharing mechanism with that community that may include 
meetings and site visits.  In addition, local planners may check with other communities that have 
experienced a disaster to learn about any environmental/legal issues may have been 
experienced and resulted in a slower response to the management of their disaster debris.  If 
nearby, consider having an agreement with this community to share staffing resources in the 
event of a disaster. Having additional experienced personnel that already understand the 
disaster debris management plan can greatly aid in post-disaster clean-up. 

3.4 PRIVATE SECTOR RESOURCES 

In substantial natural disasters, community resources typically are overwhelmed. Communities 
likely will need to hire private disaster debris management contractors in these special 
circumstances. Often, such contractors are experienced in dealing with disaster recovery 
work, such as establishing staging areas, hauling and segregating debris, and coordinating FEMA 
reimbursement processes. It would be beneficial for municipal officials to identify what disaster 
debris management contractors are in their 
area. Planners could establish relationships 
with such contractors while drafting their 
community’s disaster debris management 
plan. 

Other private companies and local 
businesses may be able to offer assistance 
as well. Check with local companies to see 
if they could offer specific assistance such as 
allowing large parking lots to be converted 
into debris staging areas or community 
drop-off locations. Construction 
companies might make earth-moving 
equipment, water pumps, and other 

Working with Private Companies 

Dell Computer and Best Buy partnered 
with EPA, the states, and local 
governments to increase collection and 
safe recycling of computers and related 
electronic equipment, including monitors, 
printers, scanners, keyboards, mice, 
laptops, TVs, VCRs, DVD players, radios, 
and disks destroyed by the effects of 
Hurricane Katrina. This effort resulted in 
recycling of more than 220,000 pounds of 
electronics debris. 
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necessary equipment available for immediate use in the event of a disaster.  Trucking companies 
might be able to lend trailers, dump trucks, or roll-off dumpsters.  These opportunities are just 
examples of how a community can work with the private sector in the event of a disaster.  
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4 Federal Resources Available To Help 

The legal authority for federal assistance in natural disasters comes from the Robert T. Stafford 
Disaster Relief and Emergency Assistance Act (hereafter referred to as the “Stafford Act”), 
which sets forth federal disaster relief responsibilities, procedures, and conditions for federal 
assistance. Among many other activities, the Stafford Act authorizes debris removal in “the 
public interest…from publicly and privately owned lands and water.”  The President makes the 
final decision to declare an area a major disaster and therefore eligible for federal assistance.  
The process for declaring a disaster is presented in Figure 3.  Most disasters, however, do not 
qualify for federal assistance. 

The National Incident Management System (NIMS) was created by the U.S. Department of 
Homeland Security (DHS) under Homeland Security Presidential Directive #5 (HSPD-5).  The 
NIMS describes command and control response efforts at all levels of government.  A copy of 
the NIMS report can be found on FEMA’s website 
(http://www.fema.gov/emergency/nims/index.shtm). The NIMS provides a consistent 
nationwide template to enable federal, state, local and tribal governments to work together 
effectively and efficiently to prepare for, prevent, respond to, and recover from domestic 
incidents, regardless of cause, size, or complexity, including acts of catastrophic terrorism.  
HSPD-5 requires all federal departments and agencies to adopt the NIMS and use it in their 
individual domestic incident management and emergency prevention, preparedness, response, 
recovery, and mitigation programs and activities, as well as in support of all actions taken to 
assist state, local, or tribal entities.  

NIMS describes the Incident Command System (ICS), a management system designed to enable 
effective and efficient domestic incident management by integrating a combination of facilities, 
equipment, personnel, procedures, and communications operating within a common 
organizational structure. It is normally structured to facilitate activities in five major functional 
areas: command, operations, planning, logistics, and finance and administration.  ICS is used by 
all levels of government—federal, state, local, and tribal—as well as by many private-sector and 
nongovernmental organizations.  It is used to organize both near-term and long-term field-level 
operations for a broad spectrum of emergencies, from small to complex incidents, both natural 
and manmade. State and local government officials and other key personnel that will be 
involved with developing plans for, preparing for, and potentially responding to disaster debris 
could be familiar with and educated on the ICS. FEMA provides free, on-line training on ICS 
basics (ICS 100 and ICS 200), introduction to the NIMS (ICS 700), and introduction to the NRF 
(ICS 800; http://training.fema.gov/NIMS). 
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Figure 3. Typical Process for a Major Disaster Declaration  

Disaster 
Event Occurs 

Is the Local 
Government 

overwhelmed? 

Yes 

Local Government 
manages recovery and 
debris removal with 
little or no aid or 

assistance. 

No 

State Responds with state resources, 
such as the National Guard and state 
agencies (e.g., State Environmental 

Agency and Emergency Management 
Agency). 

Damage Assessment by local, 
state, federal, and volunteer 

organizations determines losses and 
recovery needs. 

Does Governor 
request major 

disaster 
declaration? 

State and local resources 
move forward with recovery and 
debris removal with little or no 

federal aid or assistance 

No 

FEMA evaluates the request and 
recommends action to the White 
House based on the scope of the 
disaster, and the local community 

and state's ability to recover. 

Yes 

*Does the 
President 

approve the 
request? 

FEMA informs the Governor 
that the request was denied and 
that the disaster is not eligible to 

receive aid. 

No 

FEMA informs the Governor that the 
request was granted and that the disaster 
is eligible to receive aid.  FEMA establishes 

a presence at locality. 

Yes 

* The President’s decision process could take a few hours or 
several weeks depending on the nature of the disaster. 
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4.1 NATIONAL RESPONSE FRAMEWORK 

While NIMS outlines a management system for response efforts at all levels of government 
(federal, state, and local), DHS has developed the NRF to map out a uniform federal response 
and to provide supporting mechanisms for disasters (http://www.fema.gov/nrf). The NRF 
defines what qualifies as an incident of national significance.  The first priority of the NRF is the 
preservation of human life through immediate response actions.  Once response missions and 
life-saving activities conclude, the emphasis shifts from response to recovery operations and, if 
applicable, hazard mitigation. These actions include debris clearance, the emergency restoration 
of critical infrastructure, control, containment, and removal of environmental contamination, 
and protection of responder health and safety. 

The NRF categorizes the capabilities of federal departments and agencies into 15 ESFs to 
provide the planning, support, resources, program implementation, and emergency services that 
are most likely to be needed for incidents requiring a coordinated federal response.  Different 
federal agencies coordinate the various ESFs.  The ESF coordinator is the entity with 
management oversight for that particular ESF. The coordinator has ongoing responsibilities 
throughout the preparedness, response, and recovery phases of incident management.  The 
ESFs that govern natural disaster debris removal are ESF #3, “Public Works and Engineering” 
and ESF #10, “Oil and Hazardous Materials Response.”  DHS makes a final determination as to 
whether to activate each ESF; not all ESFs are necessarily activated in response to all disasters.  

Emergency Support Functions Listed in the National Response Framework 
ESF # Function ESF Coordinator 
1 Transportation U.S. Department of Transportation 
2 Communications U.S. Department of Homeland Security  

(National Communications System) 
3 Public Works and Engineering U.S. Department of Defense  

(U.S. Army Corps of Engineers) 
4 Firefighting U.S. Department of Agriculture  

(U.S. Forest Service) 
5 Emergency Management U.S. Department of Homeland Security  

(Federal Emergency Management Agency) 
6 Mass Care, Emergency Assistance, 

Housing, and Human Services 
U.S. Department of Homeland Security  
(Federal Emergency Management Agency) 

7 Logistics Management and Resource 
Support 

U.S. General Services Administration and  
U.S. Department of Homeland Security  
(Federal Emergency Management Agency) 

8 Public Health and Medical Services U.S. Department of Health and Human Services 
9 Search and Rescue U.S. Department of Homeland Security  

(Federal Emergency Management Agency) 
10 Oil and Hazardous Materials Response U.S. Environmental Protection Agency 
11 Agriculture and Natural Resources U.S. Department of Agriculture 
12 Energy U.S. Department of Energy 
13 Public Safety and Security U.S. Department of Justice 
14 Long-Term Community Recovery U.S. Department of Homeland Security  

(Federal Emergency Management Agency) 
15 External Affairs U.S. Department of Homeland Security 
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4.2 FEDERAL EMERGENCY MANAGEMENT AGENCY 

FEMA is the lead federal agency that responds to disasters and emergencies to help save lives 
and protect public health, safety, and property.  FEMA operates under specific regulations, 
which are found in Chapter 44 of the CFR.  The Stafford Act and the CFR use the term “debris 
removal” in a broad sense to encompass the entire process of removing, handling, recycling, 
and disposing of debris. This regulation declares debris removal to be in the public interest, not 
only to protect life, public health, and safety, but also to ensure economic recovery of the 
affected community. 

FEMA’s most visible role in disaster recovery and debris management is in administering the 
Public Assistance (PA) Grant Program. The program provides supplemental federal disaster 
grant assistance to states, local governments, and certain nonprofit organizations for debris 
removal and disposal; emergency protective measures; and the repair, replacement, or 
restoration of disaster-damaged publicly owned facilities and the facilities of certain private 
nonprofit organizations. The PA Grant Program is administered through a coordinated effort 
among FEMA, the affected state, and the applicants.  Communication and coordination among 
all of these agencies are important. After an emergency event, the state assumes the role of a 
“grantee” and is responsible for administering the federal grant.  Understanding FEMA 
requirements prior to an emergency enables a community to recover the maximum allowable 
for cleanup costs. 

PA funds are available to eligible applicants for debris clearance, removal, and disposal 
operations. Eligible applicants include state and local governments, Indian tribes, and certain 
private nonprofit organizations.  In order to be eligible for FEMA funding, the debris removal 
work must: 

•	 Be a direct result of a Presidentially declared disaster;  
•	 Occur within the designated disaster area; and  
•	 Be the responsibility of the applicant at the time of the disaster.  

In addition, debris removal work must be necessary to: 

•	 Eliminate an immediate threat to lives, public health and safety;  
•	 Eliminate immediate threats of significant damage to improved public or private 

property; or 
•	 Ensure the economic recovery of the affected community to the benefit of the 

community-at-large. 

Examples of eligible debris removal activities include: 

•	 Debris removal from a public right-of-way to allow the safe passage of emergency 
vehicles; and 

•	 Debris removal from public property to eliminate health and safety hazards.  

Examples of ineligible debris removal activities include: 
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•	 Removal of debris, such as tree limbs and trunks, from an applicant’s unimproved 
property or undeveloped land; 

•	 Removal of pre-disaster sediment from engineered channels;  
•	 Removal of debris from a natural channel unless the debris poses an immediate 

threat of flooding to improved property;  
•	 Removal of debris from federal lands or facilities that are the authority of another 

federal agency or department, such as federal-aid roads, USACE navigable 
waterways, and Natural Resources Conservation Service canals. 

Debris removal from private property is generally not eligible for PA grant funding because it is 
the responsibility of the individual property owner.  If property owners move the disaster-
related debris to a public right-of-way, the local government may be reimbursed for curbside 
pickup and disposal for a limited period of time.  If the debris on private business and residential 
property is so widespread that public health, safety, or the economic recovery of the 
community is threatened, FEMA may fund debris removal from private property, but it must be 
approved in advance by FEMA. Information on the PA Program, including links to PA policies, is 
available on FEMA’s website (http://www.fema.gov/government/grant/pa/index.shtm). PA 
resources for Debris Management, including policies and specifically referring to FEMA’s Debris 
Management Guide are available at http://www.fema.gov/government/grant/pa/index.shtm. 

In 2007, FEMA began a PA Pilot Program designed to reduce the Federal costs of administering 
the PA Grant Program, increase flexibility in administering the PA Grant Program, and expedite 
the much-needed recovery dollars to the program’s applicants following disasters.  FEMA 
developed the PA Pilot Program in response to the 2007 DHS Appropriations Act. The pilot 
procedures are applicable to debris removal and the repair, restoration, and replacement of 
damaged facilities. Participation in the PA Pilot Program is open to state and local governments 
on a voluntary basis. FEMA expects to meet the goals of the Pilot Program by focusing on four 
key procedures: 

•	 Providing grants on the basis of estimates. 
•	 Increasing the Federal cost share to applicants that have a FEMA-approved debris 

management plan and at least two pre-qualified debris and wreckage removal 
contractors identified prior to a disaster. 

•	 Allowing applicants to retain any revenue from recycling disaster debris as an 
incentive to recycle debris. 

•	 Reimbursing the straight- or regular-time salaries and benefits of an applicant’s 
permanently employed staff that performs debris-related activities. 

More information about the PA Pilot Program can be found at: 
http://www.fema.gov/government/policy/papilot.shtm. 

4.3 U.S. ARMY CORPS OF ENGINEERS 

USACE is a public engineering organization that operates within the Department of Defense.  
According to the NRF, USACE is the coordinator and primary agency for ESF #3, “Public 
Works and Engineering.” USACE also plays key roles in support of FEMA or other federal 
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agencies. Typical USACE activities and mission assignments include providing emergency power, 
establishing temporary shelters and housing, providing temporary roofs, assessing building 
structural safety, emergency repair of public infrastructure, supporting search and rescue 
operations, providing safe drinking water and ice, and performing debris removal and disposal 
operations. 

USACE maintains seven national response teams and ten regional contracts for debris 
operations, all dedicated to supporting state and local governments.  Under the NRF, USACE 
provides assistance to state and local governments by either a Technical Assistance mission 
assignment or a Direct Federal Assistance mission assignment.  Under Technical Assistance, 
USACE provides expert advice on all aspects of debris management and helps local 
governments perform their own debris operations.  Direct Federal Assistance is provided at 
the request of the state/local government when the scope of work is beyond the capacity of the 
local government to perform.  This is where USACE uses its teams and contracts to perform 
the debris operations mission in partnership with the local government.  Additional information 
can be found on the USACE’s website (http://www.usace.army.mil/). 

USACE Support 

The USACE response to Hurricanes Dennis, Katrina, Rita, and Wilma in 2005 illustrates the 
type of support the Corps provides the nation under ESF #3 in support of FEMA:  

•	 A total of 6,141 Corps employees supported the response to the hurricanes.  
•	 The total amount of the FEMA missions assigned to the Corps was $4.4 billion.  
•	 The Corps installed a total of 193,000 temporary roofs. 
•	 The Corps delivered 27 million gallons of water and 232 million pounds of ice.  
•	 The Corps conducted 2,406 generator pre-installation inspections and then installed 

914 generators. 
•	 The Corps removed a total of 38,967,195 cubic yards of debris.  

4.4 U.S. ENVIRONMENTAL PROTECTION AGENCY 

EPA is the primary federal agency responsible for administering the Resource Conservation and 
Recovery Act (RCRA). Under RCRA, EPA issues regulations and guidelines to properly manage 
solid and hazardous wastes, and provides technical assistance to states and local governments.  
EPA regulations provide explicit, legally enforceable requirements for hazardous waste 
management.  In addition, the EPA provides technical assistance on nonhazardous waste 
management.  A large part of the RCRA program is the development of EPA guidance and 
policy directives to clarify issues related to the implementation of the regulations.  RCRA allows 
for state authorization by EPA for their hazardous waste management programs and most 
states are authorized.  To support the implementation of RCRA, EPA manages an extensive 
database that documents EPA interpretations of the RCRA regulations. The RCRA online 
database is available on EPA’s website (http://www.epa.gov/rcraonline). PCBs are regulated 
under TSCA (www.epa.gov/pcb). EPA’s Office of Solid Waste (OSW) recently assumed the 

40 

http://www.usace.army.mil/
http://www.epa.gov/rcraonline
http://www.epa.gov/pcb


 

 

 

Planning for Natural Disaster Debris 

disposal and clean-up programs for PCB management from the Office of Pollution Prevention 
and Toxics. A list of OSW PCB contacts can be found at: 
http://www.epa.gov/epaoswer/hazwaste/pcbs/pubs/contactus.htm and EPA regional office PCB 
contacts can be found at: http://www.epa.gov/epaoswer/hazwaste/pcbs/pubs/coordin.htm. 
Asbestos is primarily regulated under NESHAP (http://www.epa.gov/asbestos). A list of EPA 
headquarters and regional asbestos contacts can be found at: 
http://www.epa.gov/asbestos/pubs/contactus.html. 

In addition to regulatory functions for hazardous wastes, EPA provides support and technical 
assistance on appropriate solid waste management practices.  This is for the case for debris that 
is regulated at the state and local levels, such as C&D materials.  While the state and local 
officials will provide the final decision on the management of these materials, EPA can provide 
support and technical assistance on how these materials can be best managed and provide 
contacts for partnerships.   

EPA supports many voluntary programs, such as reuse and recycling programs, and can help 
foster such activities. EPA has been designated the authorized agency for the Recycling 
Electronics and Asset Disposition (READ) Services contract, providing recycling and asset 
disposition services on a government-wide basis for the recycling of electronic equipment, and 
the disposal of excess or obsolete electronic equipment in an environmentally responsible 
manner. Seven federal agencies are able to buy into the contract’s services through the EPA.  
Communities may be able to utilize this vehicle through one of the federal agencies (EPA, 
USACE, National Park Service, FEMA, Department of Education, Bureau of Alcohol, Tobacco 
and Firearms, and DOE). Additional information can be found at 
(http://www.epa.gov/oam/read/). 

Furthermore, EPA is the primary federal agency responsible for providing emergency support 
related to the release of hazardous materials and providing support under the NRF.  As part of 
these responsibilities, EPA responds to releases of hazardous materials and provides technical 
assistance for environmental monitoring following releases.  EPA is the lead federal agency 
under ESF #10, “Oil and Hazardous Materials Response.”  Under this ESF, FEMA funds EPA’s 
management of orphan tanks (for propane and other fuel), drums, and HHW.  EPA also 
provides support to local and state agencies in properly managing debris deemed hazardous, 
including HHW. Under ESF #3, “Public Works and Engineering,” of the NRF, EPA assists 
USACE and local agencies in identifying disposal sites for debris.  In addition, EPA assists with 
contaminated debris management activities by coordinating and/or providing resources, 
assessments, data, expertise, technical assistance, and monitoring.  EPA also assists in the 
assessment and restoration of drinking water and wastewater infrastructure.  EPA may be able 
to provide support, even when disasters are not federally declared, under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA), commonly known as 
Superfund, the National Contingency Plan (NCP), and the National Response Center (NRC).  
These programs can be used to respond in a prompt manner to short-term threats involving 
the release and threatened release of hazardous substances, pollutants, or contaminants. 
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EPA Involvement in Hurricane Katrina 

EPA worked with USACE and other federal agencies, state agencies, and local 
governments to facilitate the collection, segregation, and management of HHW.  EPA 
provided extensive outreach and technical assistance on topics such as identifying and 
disposing of electrical equipment that may contain PCBs and on handling and disposal of 
debris containing asbestos.  EPA also set up monitoring stations to monitor air and water 
quality following Hurricane Katrina.  Additionally, EPA provided the affected states with 
technical assistance on the burning of disaster debris.  A summary of this assistance can be 
found at http://www.epa.gov/katrina/debris.html. 

4.5 U.S. COAST GUARD 

The USCG supports USACE in responding to marine debris contaminated with oil or 
hazardous substances.  Under ESF #3, the USCG: 

•	 Marks and coordinates with USACE for the removal of obstructions declared to be 
hazards to navigation. 

•	 Assists in vessel salvage and removal of vessel debris. This includes coordinating 
and/or providing resources, assessments, expertise, technical assistance, monitoring, 
and other appropriate support. 

The USCG has statutory authority and responsibility to oversee oil and hazardous substance 
pollution response operations associated with debris removal and salvage operations in the 
Coastal Zone in accordance with the NCP (40 CFR Part 300).  ESF #10 is primarily concerned 
with oil and hazardous materials response. While the EPA is the coordinator for ESF #10, 
USCG is the other primary agency responsible for coordination under ESF #10.  Under ESF 
#10, the USCG: 

•	 Provides expertise on environmental effects of oil discharges or releases of 
hazardous materials and environmental pollution control techniques. 

•	 Maintains the NRC. 
•	 Maintains continuously staffed facilities that can be used for command, control, and 

surveillance of oil discharges and hazardous materials releases occurring within its 
jurisdiction. 

For incidents for which USCG is the primary agency, they: 

•	 Maintain close coordination between USCG Headquarters, the affected area, district 
office(s), the EPA (as appropriate), the Domestic Readiness Group (DRG), the 
National Response Coordination Center (NRCC), other ESFs, and the NRT. 

•	 Coordinate, integrate, and manage the overall federal effort to detect, identify, 
contain, clean up, dispose or minimize releases of oil or hazardous materials, or 
prevent, mitigate, or minimize the threat of potential releases. 
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•	 Provide on-scene coordinators (OSCs) for incidents within its jurisdiction (including 
for the coastal zone response for incidents for which EPA is the primary agency, but 
the incident affects both the inland and coastal zone). 

4.6 U.S. DEPARTMENT OF AGRICULTURE 

The U.S. Department of Agriculture (USDA) administers two emergency natural disaster debris 
recovery programs, the Emergency Watershed Protection Program (EWP) and the Emergency 
Conservation Program (ECP). They are quick response programs that provide immediate relief 
to disaster areas in the prevention of further damage to infrastructure caused by debris.  USDA 
Farm Service Agency's (FSA) ECP provides emergency funding and technical assistance for 
farmers and ranchers to rehabilitate farmland damaged by natural disasters.  This assistance is 
provided to remove debris, restore fences and conservation structures, and provide water for 
livestock in drought situations.  More information can be found at the FSA’s website 
(http://disaster.fsa.usda.gov). The purpose of the EWP program is to undertake emergency 
measures, including the purchase of flood plain easements, for runoff retardation and soil 
erosion prevention to safeguard lives and property from floods, drought, and the products of 
erosion on any watershed whenever fire, flood or any other natural occurrence is causing or 
has caused a sudden impairment of the watershed.  The key to these programs is that they 
allow for local communities to receive assistance directly from the USDA.  More information 
about the EWP program and points of contact can be found at the USDA’s National Resources 
Conservation Service (NRCS) website (http://www.nrcs.usda.gov/programs/ewp/). USDA has 
local offices in almost every county of the country where communities can quickly seek out 
assistance. 

The USDA provides leadership, technical expertise, and assistance for the management of 
animal carcasses. The USDA has produced “Disaster Planning,” technical assistance on how to 
prepare for a disaster (http://www.nal.usda.gov/awic/pubs/IACUC/dis.htm). Kansas State 
University, Purdue University, and Texas A&M University produced “Carcass Disposal: A 
Comprehensive Review” for USDA’s Animal and Plant Health Inspection Service (APHIS)   
(http://fss.k-state.edu/index.php?option=com_content&task=view&id=17&Itemid=37). APHIS 
also maintains the National Animal Health Emergency Management System Guidelines, which 
provide information that may be integrated into the preparedness plans of other federal, state 
and local agencies, tribes, and additional groups involved in animal health emergency 
management activities (http://emrs.aphis.usda.gov/nahems.html). 

Under the NRF, the USDA is the coordinator and primary agency for ESF #11, “Agriculture and 
Natural Resources.” Under this ESF, the USDA coordinates responding to animal and plant 
diseases and pests and ensuring the safety and security of the commercial food supply.  USDA 
also supports the USACE under ESF #3, “Public Works and Engineering,” if available, by 
providing engineering and contracting/procurement personnel and equipment to assist in 
emergency removal of debris (which may include animal carcasses), demolition, temporary 
protection of roads and bridges, temporary protection of essential public facilities, water supply, 
and sanitation. They also provide technical personnel to evaluate damage to water control 
facilities. 
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USDA is also part of the Federal WBUG along with DOE and DOI, which seeks to utilize 
biomass produced from disasters. The WBUG is working under the guidance of the 
interagency Memorandum of Understanding (MOU) on Policy Principles for Woody Biomass 
Utilization. The MOU can be found at 
(http://www.forestsandrangelands.gov/Woody_Biomass/wbug.shtml). 

4.7 FEDERAL HIGHWAY ADMINISTRATION 

The U.S. DOT FHWA assists in the emergency repair of federal roads—repairs made 
immediately following a disaster to restore essential traffic, to minimize the extent of damage, 
or to protect the remaining facilities.  State and local transportation agencies are empowered 
to begin emergency repairs immediately.  Properly documented costs will be reimbursed once 
the FHWA division administrator determines that the disaster is eligible for federal funding. The 
types of activities that are eligible for federal funding are regrading road surfaces, debris 
removal, and demolition and reconstruction of damaged bridges. The program only funds 
projects that restore the roadways to their pre-disaster design and purpose.  Permanent road 
restoration work is not eligible for reimbursement if performed prior to authorization by the 
FHWA, unless it is determined to be more economical or practical to perform such work as an 
associated part of the emergency repairs. Permanent repairs should be administered using 
normal federal-aid contracting procedures.  For more information on the grant assistance 
available through the FHWA, review its Emergency Relief Manual available electronically at 
(http://www.fhwa.dot.gov/reports/erm/index.htm). 
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5 Summary of Lessons Learned from Past Disasters 

A summary of important lessons learned regarding disaster debris management plans is 
presented below.  A compilation of individual case studies discussing lessons learned can be 
found in Appendix A. These case studies are presented as examples of how others overcame 
obstacles during clean-up and recovery. 

A natural disaster may occur within a community, and if the first action after the disaster is to 
plan how the community will respond, the community will face serious consequences as it deals 
with disaster debris. If a natural disaster occurs in a community, local officials will want to 
immediately reach for their disaster debris management plan.  Experience has shown that 
having a disaster debris management plan and thinking though the creation of the plan will 
minimize costly mistakes, speed recovery, protect human health and the environment, and 
avoid the creation of waste.  It will also increase the confidence of the community in the local 
government’s ability to respond effectively to such disaster.   

EPA sought out people in communities that have experienced natural disasters to obtain their 
guidance on the importance of a disaster management plan and the individual components of 
such plans. These community leaders all believe that a disaster management plan “gives you a 
place to start” and “makes you more prepared when the battle comes.”  These community 
leaders differ on their opinions of most important component of a disaster management plan.  
Several community leaders stated that communicating with the public and having a community 
awareness plan was the most critical component, while others stated that being able to make an 
accurate estimate of the amount of debris to be potentially managed was the key.  There is no 
one component of a disaster debris management plan that is the key component; rather, the 
key is to address all of the components and to update the plan regularly, and to be fully 
prepared to implement it when a natural disaster strikes. 

Every disaster debris management plan should have the necessary components that have been 
described in this planning document. That is, communities need to anticipate the type of natural 
disaster that is likely to impact their community.  Understanding the type and possible sizes of 
natural disasters will influence the type and amount of debris that may be generated.  Having an 
inventory of existing waste management facilities, their capacities, and capabilities, and planning 
for additional temporary storage/staging and disposal options will help. Having pre-negotiated 
contracts or a list of pre-qualified contractors for managing debris will help ensure that clean-up 
efforts start quickly and proceed in a timely and efficient manner.  Making sure that equipment 
and administrative needs are fulfilled will help to ensure that the necessary equipment and 
people will be in place. Communicating with the public will ensure that disaster debris clean-up 
will be understood. Making sure that debris management is accomplished in an environmentally 
sound manner will protect the community during and immediately after the natural disaster 
occurs, as well as, into the future.  
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6	 Examples of State and Local Disaster Debris Management 
Plans and Guidance 

The following documents are presented as examples of how state and local governments have 
planned for disaster debris management.  This list is not exhaustive and these plans and 
guidance documents have not been reviewed or endorsed by EPA, but are included as examples 
of what others have done. Additional plans and guidance can be found from ASTSWMO at: 
http://www.astswmo.org/publications_solidwaste.htm. 

6.1 STATE PLANS AND GUIDANCE 

Alabama Department of Environmental Management 
“Guidelines for Open Burning of Natural Disaster Debris,” 2004 
http://www.adem.state.al.us/GuidelinesOpenBurning1.pdf 

California Integrated Waste Management Board 
“Disaster Preparedness and Response” Homepage 
http://www.ciwmb.ca.gov/disaster/ 
“Integrated Waste Management Disaster Plan,” 1997 
http://www.ciwmb.ca.gov/disaster/disasterplan/ 

Connecticut Department of Environmental Protection 
“Overview of Disaster Debris Management Planning for Connecticut Municipalities,” 2006 
http://www.ct.gov/dep/lib/dep/waste_management_and_disposal/solid_waste/DisasterDebrisMa 
nagementPlanning.pdf 

Florida Department of Environmental Protection 
“Guidance for Establishment, Operation and Closure of Staging Areas for Hurricane-generated 
Debris,” November 19, 2004 (updated 09-22-05) 
http://www.dep.state.fl.us/mainpage/em/info.htm 

Louisiana Department of Environmental Quality 

“Comprehensive Plan for Disaster Clean-Up and Debris Management” 

http://www.deq.louisiana.gov/portal/portals/0/news/pdf/DEQDebrisPlan71306.pdf
 

Mississippi Department of Environmental Quality 
“Hurricane Katrina Disaster Recovery” 
http://www.deq.state.ms.us/MDEQ.nsf/page/Main_HurricaneKatrinaDisasterRecovery?OpenDoc 
ument 

North Carolina Department of Environment and Natural Resources 
“Prepared? Planning for a Natural Disaster,” 2006 
http://www.wastenotnc.org/swhome/emergencydebris.asp 

Oklahoma Department of Environmental Quality 
“Central Oklahoma Tornado: Guidelines for Debris Management,” 1999 
http://www.deq.state.ok.us/mainlinks/GuidelinesForDebrisMgmt.htm 
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6.2 CITY AND COUNTY PLANS 

California 

Alameda County 
“Alameda County Disaster Waste Management Plan,” 1998 
http://www.stopwaste.org/home/index.asp?page=303 

San Francisco City/County 

“Disaster Debris Recovery Plan,” 1997 


Florida 

Escambia County 
“Debris Management Plan,” 2006 
http://www.co.escambia.fl.us/departments/purchasing/documents/DebrisMasterPlan.pdf 

Palm Beach County 
“Debris Management Plan,” 2007 
http://www.swa.org/pdf/debrismgmtplan.pdf 

Pinellas County 
“Disaster Debris Management Plan,” 2006 
http://www.pinellascounty.org/utilities/PDF/Debris-Mgmt-Plan.pdf 

Massachusetts 

Franklin County 
“Disaster Debris Management Planning Document,” 2006 
http://frcog.org/pubs/emergency/Franklin_County_Debris_Document_Jan07.pdf 

Virginia 

City of Fairfax 
“Debris Management Plan,” 2006 
http://www.fairfaxva.gov/EM/Docs/CityDebrisPlan.pdf 
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Homeland Security Resources on Disposal Produced by U.S. 
EPA 

Clarification and Revision of April 6, 2004 Memorandum on Recommended Interim Practices 
for Disposal of Potentially Contaminated Chronic Wasting Disease (CWD) Carcasses and 
Waste. Memorandum from Matt Hale to RCRA Division Directors dated November 12, 2004.  
http://www.epa.gov/epaoswer/non-hw/muncpl/land-prac2.pdf 

Disposal of Domestic Birds Infected by Avian Influenza – An Overview of Considerations and 
Options. August 11, 2006. EPA530-R-06-009. http://www.epa.gov/epaoswer/homeland/flu.pdf 

Federal Food and Agriculture Decontamination and Disposal Roles and Responsibilities. 
November 2005. Produced in conjunction with the U.S. Department of Health & Human 
Services, U.S. Department of Interior, U.S. Department of Homeland Security, and U.S. 
Department of Agriculture. http://www.epa.gov/homelandsecurity/pdfs/conops11222005.pdf 

Homeland Security website: http://www.epa.gov/homelandsecurity/ 

Homeland Security Research Center website: http://www.epa.gov/nhsrc/ 

Planning for Disaster Debris. December 1995. EPA530-K-95-010. 
http://www.epa.gov/epaoswer/non-hw/muncpl/disaster/dstr-pdf.pdf 

Recommended Interim Practices for Disposal of Potentially Contaminated Chronic Wasting 
Disease Carcasses and Waste. Memorandum from Robert Springer to RCRA Division 
Directors dated April 6, 2004. 

Strategic Plan for Homeland Security. September 2002. 
http://www.epa.gov/epahome/downloads/epa_homeland_security_strategic_plan.pdf 
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The following disaster debris case studies were provided by various federal, state, and local 
sources. They are examples in which planning benefited the debris management process, as 
well as those in which officials identified improved planning opportunities.  Lessons learned are 
included for the following disasters: 

• Louisiana: Hurricanes Katrina and Rita 
• Mississippi: Hurricane Katrina 
• Palm Beach County, Florida: Hurricanes Frances and Jeanne 
• San Diego, California: 2003 Cedar and Pines Firestorm 
• Escambia County, Florida: Hurricane Ivan 
• Los Angeles, California: Northridge Earthquake 
• Alstead, New Hampshire: 2005 Flooding 

In addition to these lessons learned, other recommendations can be found in the Solid Waste 
Association of North America (SWANA) document “Hurricane Katrina Disaster Debris 
Management: Lessons Learned from State and Local Governments” (2005).  The SWANA 
document discusses advice given to Louisiana and Mississippi from SWANA members that have 
experienced many different types of disasters.  SWANA represents thousands of solid waste 
professionals (http://www.swana.org). 

LOUISIANA: HURRICANES KATRINA AND RITA 

On August 29, 2005, Hurricane Katrina struck southeastern Louisiana, causing widespread 
damage along the coastline and in New Orleans.  The Louisiana Department of Environmental 
Quality (LDEQ) issued it first emergency declaration on August 30.  This declaration, in part, 
addressed debris management issues.  Thereafter, LDEQ developed a debris management plan.  
On September 24, 2005, Hurricane Rita made landfall near the Louisiana/Texas border, 
impacting several parishes in southwestern Louisiana and counties in Texas. 

Communication 

The LDEQ, together with EPA and the U.S. Coast Guard, formed a unified command.  This 
facilitated debris management and recycling discussions between LDEQ and EPA.  Daily 
communication was established with the US Army Corps of Engineers (USACE) and FEMA.  
Outreach to citizens was facilitated through flyers, websites, TV and radio announcements, and 
news releases. 

Collection and Recycling 

The State of Louisiana identified recycling as a priority.  Consequently, recycling efforts were 
undertaken, not only by the state, but by the federal partners as well.  Vegetative debris was 
generally chipped or ground. The federal, state, and local partners recognized that this 
vegetative debris could potentially be used for energy recovery.  In Louisiana, an obstacle to 
this use was the Formosan termite infestation in the southeastern and southwestern parishes.  
As a result, all cellulose material was quarantined in nine southeastern, and three southwestern 
parishes. This made shipment to potential users problematic.  In Louisiana, much of the 
chipped vegetative debris was used as cover at landfills. 
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Under ESF 10, EPA was tasked to lead the household hazardous waste collection effort in most 
Louisiana parishes. Returning citizens were encouraged to segregate household hazardous 
waste at the curbside, to facilitate collection.  See Appendix B for examples of flyers used to 
communicate debris collection with the public.  The USACE added incentives to contracts to 
ensure that the USACE contractors were conducting curbside debris segregation.  Particular 
attention was given to segregation of household hazardous waste and electronics.  EPA 
developed a plan for the collection and recycling of household hazardous waste, and 
coordinated daily with the USACE to ensure that materials were properly segregated.  As many 
as 15 household hazardous waste collection centers were operating at one time.  Through the 
efforts of EPA, USACE, and others, over 24 million pounds of household hazardous waste was 
collected. Much of the household hazardous waste was recycled.  Recycled materials included 
batteries, propane cylinders, gasoline, and oil. 

After Hurricane Katrina hit the Gulf Region in 2005, EPA and USACE worked to collect and 
recycle damaged electronic equipment in the New Orleans and surrounding areas. After the 
flooding subsided, over 500,000 homes were damaged.  It was estimated that many of these 
homes had at least two televisions and one personal computer.  In addition, numerous 
electronic items such as game consoles, musical equipment, and stereo equipment were 
discarded. After the initial Task Order was issued, EPA established seven staging areas in the 
New Orleans and surrounding areas where trucks would wait for the USACE and EPA 
personnel to sort the electronics into different electronic debris areas.  Since November 2005, 
over 12,500 tons of discarded electronic wastes have been collected and properly recycled.  
The federal partners were able to ensure that the electronics were being properly recycled, in 
a cost effective manner, through the use of EPA’s Recycling Electronics and Asset Disposition 
(READ) Services. Private partners, including Dell Computer and Best Buy expressed interest in 
helping with the Katrina electronics recycling effort.  Both companies sponsored electronics 
collections events in the New Orleans area. 

EPA, USACE, and local contractors were tasked with the collection, staging, cleaning & 
recycling of white goods. LDEQ specified in its “Emergency Declaration” that all white goods 
must be recycled.  White goods included refrigerant containing appliances such as freezers, 
refrigerators, and air conditioners; and other large appliances such as ranges, ovens, 
dishwashers, washers and dryers.  EPA was involved in the collection, refrigerant extraction, 
and recycling of the steel from nearly 400,000 white goods.  Over 45,000 pounds of refrigerant 
were extracted and, of that, approximately 25,000 pounds of refrigerant were recycled. 

The LDEQ was requested by the Governor’s Office to remove the hurricane damaged vehicles 
and vessels destroyed after the two hurricanes.  As of July 2007, they had collected 
approximately 12,000 vehicles and vessels from the public rights-of-way and from private 
property. The vessels ranged in size from small fishing boats and wave runners to 100-foot 
steel-hulled shrimp boats and barges.  At the individual pickup/collection points on the 
highways, the contracts call for site remediation of leaking fuels, etc. After proper notifications 
to the registered owners, all lead batteries, mercury switches, Freon, antifreeze, fuels and oil 
reservoirs were drained. Contractors were also required to inspect for, and remove, any 
stoves, refrigerators, ammunition, or other explosives that may be found.  All collected 
materials were inventoried and sent for recycling.  The remaining metals, such as aluminum 
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masts and lead keel from sailboats, copper wiring, and crushed steel from vehicles, were 
separated, crushed, and recycled. 

Guidance given by the EPA regarding disaster debris management following Hurricane Katrina 
can be found at: http://www.epa.gov/katrina. 

MISSISSIPPI: HURRICANE KATRINA 

Hurricane Katrina slammed into the Mississippi and Louisiana Gulf Coast on August 29, 2005 
and moved up the eastern side of Mississippi.  One of the biggest environmental challenges the 
Mississippi Department of Environmental Quality (MDEQ) faced was managing the enormous 
amount of debris caused by Hurricane Katrina.  According to FEMA, approximately 46 million 
cubic yards of debris was created in the State of Mississippi alone.  Of this amount, over 24 
million cubic yards was generated in the three Gulf Coast counties of Hancock, Harrison, and 
Jackson. Approximately 70% (or over 17 million cubic yards) of the debris in these three 
coastal counties consisted of building and structural type wastes and the other 30% (or just 
over seven million cubic yards) consisted of trees, limbs, and other vegetative debris.    

Communication 

To respond to the ensuing debris management issues, MDEQ initiated several response actions.  
First, MDEQ stationed a team of engineers, scientists, and emergency responders on the coast 
from the agency’s Jackson headquarters to assist local governments, industries, businesses and 
other agencies and organizations with monitoring and decision making on debris management 
issues. The MDEQ’s South Regional Office located in Biloxi was not able to provide support 
after the storm since the facility was significantly damaged and several of the employees lost 
their homes and suffered other personal damage.  Each week a new response team would 
rotate to the coastal station and assume responsibilities for assistance and monitoring of debris 
management activities and sites. A daily conference call between MDEQ headquarters and the 
response team stationed on the coast was implemented to discuss and help address various 
decisions and issues related to debris management and other environmental conditions.  In 
addition, MDEQ initially stationed debris specialists from the agency at the headquarters of the 
Mississippi Emergency Management Agency.  It quickly became evident that the disaster debris 
conditions required more resources.  Consequently, MDEQ established a debris response 
station and call center at the MDEQ headquarters in Jackson.  The call center was also staffed 
with MDEQ engineers, scientists, data management specialists and others to help with planning, 
decision making, public complaints and inquiries and networking with other state and federal 
agencies to assist the citizens of the state with debris management issues as well as other 
environmental and public health problems. MDEQ maintained a system to track the resolution 
of calls and attempted to resolve all questions or inquiries with callers that were within our 
environmental oversight. In addition, MDEQ often worked with local emergency management 
personnel, local solid waste management personnel, volunteer groups, the State Department of 
Health, local landfills, and disposal contractors to assist citizens with other associated problems.   

MDEQ also joined and participated in a Joint Debris Task Force of Federal and State Agencies 
to address the various aspects of the disaster debris management conditions.  The Debris Task 
Force led by FEMA included representatives from MDEQ, the State Forestry Commission, the 
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State Department of Agriculture and Commerce, the EPA, USACE, the State Department of 
Archives and History, the USCG, and various other agencies.  The Task Force met weekly, 
discussed targeted debris management problems, and worked together on a joint resolution of 
those problems. 

MDEQ Addresses Problem Wastes and Debris Management 

MDEQ had to address wastes that had been released into the environment that would create 
the most pressing environmental and public health concerns.  MDEQ worked with the EPA to 
assess facilities and communities across the Gulf Coast for release of hazardous constituents.  
State and federal representatives visited various industrial and commercial facilities to assess 
potential hazardous releases to the environment.  The state was fortunate that these 
assessments did not reveal widespread release of hazardous materials.  Those releases that 
could be identified were contained and addressed.  Smaller quantities of hazardous materials 
from damaged households and businesses would be dealt with by ongoing identification and 
segregation of the material from the normal debris collection and management activities.  An 
additional problem that had public health concerns was the tremendous amounts of food waste 
including poultry, bananas, and pork belly products at the state port in Gulfport, fish and other 
seafood products at the Pascagoula Port, and at seafood industries along the Gulf Coast.  Most 
of these materials had to be collected and disposed quickly to prevent public health problems 
from the decomposing foods. In a few instances, the bulk food wastes were of such significant 
concern that MDEQ worked with EPA to dispose of the materials under the hazardous material 
management provisions.  MDEQ also dealt with grocery and convenience stores along the coast 
that had suffered electricity outages and in some instances that were flooded, leaving rotting 
and decaying food in the stores.  MDEQ worked with store owners to develop plans for 
cleanout and disposal of these food products to prevent these materials from creating public 
health concerns. 

In addition to these actions on problem wastes streams, MDEQ had to address the large 
amount of debris from homes, commercial buildings and other structures.  Immediately after 
the storm, MDEQ conducted an evaluation of the recycling capabilities and of the existing 
landfill capacity on the Gulf Coast to determine what additional disposal capacity the three 
coastal counties might need to in order to dispose of the hurricane debris.  This evaluation 
indicated that recycling of much of the disaster debris would be difficult given that the materials 
were mixed together and in some instances contaminated or damaged beyond recovery. 
Consequently landfill disposal would likely be the most practical solution to the largest volume 
of the debris. The evaluation also indicated that there was a significant shortfall in needed 
landfill disposal capacity and that MDEQ in coordination with the local governments would 
likely need to consider new emergency landfill sites for the debris as well as other management 
options. The emergency landfills sites, upon approval, would only operate temporarily until the 
debris clean up could be completed.  MDEQ also was concerned that the communities should 
preserve some available landfill capacity for the future needs of the counties as large volumes of 
wastes would also be generated in rebuilding our Gulf Coast.  Consequently, MDEQ worked 
with local governments in the three coastal counties in approving the 13 temporary emergency 
disposal sites in addition to six permitted landfill sites that existed prior to the hurricane.   
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MDEQ also worked with local governments, the USACE, and with other debris contractors to 
develop sites for staging and temporary storage of wastes to segregate various types of the 
debris for proper management. At these sites, vegetative debris, white goods, electronics, 
hazardous materials, and other materials would be segregated for management at the proper 
disposal or recycling site. This type of segregation was also done at the landfill sites.  Sites were 
developed with EPA to manage and temporarily store the hazardous materials that would be 
pulled from the debris piles and segregated for proper management or that would be collected 
from residents or hazardous material clean up actions.  In some areas, the EPA was able to 
offer curbside collection of HHW.  Over the course of the debris clean up, sites would also be 
established for white goods recycling, staging damaged boats and automobiles, crushing 
concrete, and staging debris removed from state waters, and other activities.  

MDEQ also worked with local governments and other state and federal agencies to set up 
vegetative debris management sites, focusing on the waste stream that included downed trees, 
stumps, large limbs and other similar wastes. These sites involved mulching and burning the 
vegetative wastes to reduce the volume of materials. Conditions were developed for locating 
burn sites that included various set back distances and location stipulations to avoid problems 
and nuisances for local citizens. MDEQ developed an ash use policy that would allow burn sites 
to (upon appropriate sampling) propose beneficial use of the debris ash as a soil conditioner.  In 
addition, MDEQ worked with the USACE to promote use of the millions of cubic yards of 
mulch created. Mulch was reused as boiler fuel, at blueberry farms, and landscaping around 
municipal and county properties, golf courses, schools and other sites.  Mulch was even used in 
some of the live oak recovery efforts along the gulf coast, helping the trees recover from the 
surge and wind damage of Hurricane Katrina. Despite finding these varied uses for the mulch, 
the volume of materials was so great that MDEQ had to create additional disposal sites in some 
communities strictly for mulch materials for which no market or end use could be found.  
These problems become more urgent when several of these large mulch piles in southern part 
of the state began to spontaneously combust.  MDEQ worked with the USACE at that time to 
evaluate and approve emergency disposal sites to move the mulch to for final disposal.   

Overall, some 340 temporary sites were approved for handling the wastes generated by 
Katrina. In addition, numerous permanent solid waste landfills, transfer stations, and other solid 
waste facilities were used for the management of hurricane debris.  Of the 340 sites, more than 
250 were chip or burn sites for vegetative wastes only, approximately 30 sites were approved 
for staging wastes, and approximately 80 sites were approved as burial sites.  On the coast, the 
13 temporary emergency landfill sites and the six permitted disposal sites received the bulk of 
the 17 million cubic yards of building and structural debris (along with six permitted disposal 
sites). The other disposal sites were used primarily for the disposal of vegetative debris which 
could not be recycled. 

MDEQ Emergency Debris Site Evaluation and Operating Procedures 

MDEQ recognized, in developing the temporary emergency landfill sites, that protection of the 
state’s groundwater and surface water resources was paramount, especially in the midst of the 
nation’s worst disaster. Consequently, MDEQ implemented a number of policies and actions in 
the management of the hurricane debris to ensure that the disposal of this tremendous amount 
of debris would not create long term environmental problems for the area.  As stated, MDEQ 
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worked with local governments in the three coastal counties to approve 13 temporary 
emergency disposal sites in addition to six permitted landfill sites that existed prior to the 
hurricane. These existing landfill sites all had gone through an extensive environmental review 
in the process to obtain a permit to ensure that the locations where these landfills were 
constructed were geologically suitable with underlying low permeable clays to protect 
groundwater resources in the area of disposal.  In addition, MDEQ also evaluated each of the 
13 sites used for the temporary emergency landfills to determine if the underlying geology and 
groundwater conditions at the sites were suitable for debris disposal.  Sites that did not have 
suitable underlying clay soils or where groundwater was unacceptably close to the surface were 
not approved for disposal of the hurricane debris.  MDEQ also evaluated these sites for other 
environmental concerns including wetlands protection, protection of nearby surface waters 
(such as rivers, streams, or bayous), proximity to residences and other types of structures, and 
proximity to the debris to attempt to minimize the distances that wastes would need to be 
transported. 

In addition to the environmental siting review conducted on each site, MDEQ also required 
that the sites be operated in a manner that was protective of the environment and that 
prevented public nuisances and other problems. Debris sites were required to receive proper 
compaction, a periodic earthen cover and a final earthen cover upon closure.  MDEQ 
maintained a daily presence at these emergency landfill sites during the clean up activities 
following the hurricane to ensure that the sites were being operated in a proper manner that 
was protective of our state’s natural resources.  Another primary operational concern for 
these sites was that materials that contain chemicals or toxics should be removed from the 
debris prior to ultimate disposal.  Consequently, there were often several points in the debris 
management at which these potentially hazardous wastes in the debris were segregated and 
disposed of in a different manner. HHW and similar items from commercial businesses were 
segregated from the debris at the point of initial collection, in some instances at a specific 
staging or segregation site, and then finally again at the actual disposal sites.  Smaller items such 
as household chemicals and cleaners, solvents, paints, petroleum products, and various other 
materials were removed from the wastes to the extent possible and segregated for 
management by the EPA under ESF #10.   

Larger household items (such as large appliances, lawn mowers, computers, and televisions) 
were also segregated and removed because these items contain chemicals, refrigerant, heavy 
metals, and petroleum products.  In addition, these bulky items would make proper compaction 
at the landfills difficult to achieve.  Proper compaction was important at landfills because it helps 
to prevent the infiltration of rainwater into the landfill, thereby reducing leachate generation 
and the combustion potential within the landfill.  These segregated large household items were 
recycled where possible.  Items which could not be recycled was sent to municipal solid waste 
landfills with constructed liner systems for disposal.  

Perhaps the greatest recycling success was with white goods and other similar metals.  In the 
three coast counties, information given to MDEQ indicates that more than 24,000 tons of metal 
was collected, baled, and recycled at white goods collection sites.  Assuming an average of 
weight of approximately 100 pounds per white good unit, it is estimated that over 450,000 
refrigerators, freezers, washers, dryers and hot water heater units were recycled.  Efforts were 
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made to extract the refrigerant from each refrigerator and freezer units prior to baling.  
Approximately 1,500 pounds of refrigerant was salvaged and recycled.  A smaller amount of 
aluminum and iron was recycled as well.  Mississippi had less success in recycling electronics 
products due to the damage and salt water inundation to many of the units that were collected.  
However, there were some sponsored events on the coast to recover damaged electronic 
materials. EPA and the Best Buy Retail Chain teamed up with MDEQ and Jackson County to 
sponsor a collection event in that county for damaged electronics.   

Ensuring Proper Site Closure 

In addition to the considerations in approving and operating these emergency sites, MDEQ has 
also worked with FEMA to ensure proper closure of disposal sites, mulch sites, burn sites and 
staging sites. As of August 31, 2007, most of the 340 emergency debris management sites had 
been closed, including 250 or more mulch and burn sites as well as the 30 staging sites.  With 
FEMA’s assistance, MDEQ installed groundwater monitoring systems at each of the 13 
emergency disposal sites and at the six permitted existing disposal sites that took the Katrina 
debris. These monitoring systems consisting of wells constructed around the perimeter of each 
landfill. They will help MDEQ detect potential groundwater contamination.  MDEQ has 
conducted monitoring events at these sites and is planning to conduct additional groundwater 
monitoring events. 

Approximately ten percent of the sites had various issues that had prevented the sites from 
being considered as properly closed.  These conditions vary but they include sites where debris 
has not been properly removed or processed, sites where ash and other residuals have been 
left in an apparently unacceptable condition, and other sites where authorized debris 
management activities were not initiated or properly completed for various reasons.  MDEQ is 
in the process of working with MEMA to assure proper closure of the remaining debris sites 
and to resolve the remaining environmental issues at the sites so that the State of Mississippi 
can move forward with completion of Katrina-related debris management issues.  The scope of 
the work entails reviewing and assessing the conditions at each site, determining the proper 
course of action to remedy site conditions, identifying the persons responsible for conducting 
remedial actions, and then moving forward with these actions to complete the closure process. 

MDEQ is also working on an evaluation and revision of the Emergency Debris Management 
policies implemented after Katrina. The revised policies will be compiled into a Debris 
Management Plan that will assist MDEQ, other State and Federal Agencies, local governments, 
emergency management responders, and emergency management debris contractors in being 
prepared for the next disaster event that could occur in Mississippi.  In summary, MDEQ 
believes that the debris management activities in Mississippi have been conducted in a manner 
that will ensure protection of the environment for generations to come. 

For more information on Hurricane Katrina debris management in Mississippi, see 
http://www.deq.state.ms.us/MDEQ.nsf/page/Main_HurricaneKatrinaDisasterRecovery?OpenDoc 
ument and http://www.epa.gov/katrina. 
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PALM BEACH COUNTY, FLORIDA: HURRICANES FRANCES AND JEANNE 

On September 3, 2004, Palm Beach County, Florida was hit by Hurricane Frances.  The 
county’s Solid Waste Authority (SWA) immediately established nine temporary debris 
management sites throughout the county.  Three weeks later, the county was hit by Hurricane 
Jeanne. With winds exceeding 115 miles per hour, these two powerful storms caused a large 
amount of damage to the county. 

Preparedness 

Palm Beach County had a debris management plan in place prior to the 2004 storm season.  
Marc Bruner, director of environmental programs for the Palm Beach County Solid Waste 
Authority (SWA), stated, “Hurricane Irene was the last storm that we were unprepared for.”  
When Hurricane Irene hit Palm Beach County in 1999 with up to 95 miles per hour winds and 
15 inches of rain, the county did not have pre-event contracts or a debris management plan in 
place at that time. “That year was a real wake up call with Hurricane Irene hitting us and 
Hurricane Floyd narrowly missing. We’ve now taken the necessary steps to put a solid plan in 
place.” 

SWA drafted a plan to restore public infrastructure following a disaster, locate and secure 
temporary debris storage sites, put policies in place to assist local municipalities in clearing 
roads for emergency personnel, and facilitate federal reimbursement.  The plan included pre­
existing contracts that provide trained and qualified debris management contractor services in 
the event of a disaster. Five contractors and numerous subcontractors and vendors were 
employed in the debris collection and management processes, all of which were approved by 
FEMA. 

Collection and Recycling 

Local haulers and contractors, coordinating with SWA, cleared roadways and neighborhoods of 
more than two million cubic yards of debris during four weeks after the hurricane.  Temporary 
debris collection sites were established at nine locations two days after Hurricane Frances 
passed. The temporary debris sites stayed open for three months and approximately four 
million cubic yards of debris were collected and processed.  Approximately 80% of the debris 
was vegetative debris and 20% was mixed debris. 

More than three million cubic yards of vegetative debris was ground up and consolidated into 
chipped mulch. SWA innovatively diverted most of the mulch from the landfill and conserved 
more than 25 acres of landfill space. SWA reused approximately 872,000 cubic yards of mulch 
through land application to large tracts of agricultural land located in the western parts of Palm 
Beach County. 

Communication with the Public 

In the hours before Hurricane Frances made landfall, SWA began communicating with the 
public through the Palm Beach County Emergency Operations Center.  The initial message was 
that the county would resume normal perishable garbage collection as quickly as possible and 
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instructed residents to keep garbage separated from storm debris.  SWA also announced that 
its customer service information hotline would be open within hours immediately following the 
storm. The customer service information staff received and processed more than 100,000 
phone calls between the day that Hurricane Frances hit and the beginning of November (two 
months). “Everyone wanted their streets cleared as soon as possible,” Bruner said, “but our 
message was consistent—be patient; our crews will be there.”  Bruner also believed that a 
public information campaign conducted just before hurricane season educated the public to 
place vegetative debris and mixed debris in different piles.  The campaign proved to be very 
effective in shaping the public response during the recovery efforts.  

Palm Beach County’s 2007 Debris Management Plan can be found at 
http://www.swa.org/pdf/debrismgmtplan.pdf. 

SAN DIEGO COUNTY, CALIFORNIA: 2003 CEDAR AND PINES FIRES 

In October 2003 there were two wildfires that burned more than 400,000 acres of land and 
destroyed nearly 6,000 structures and 4,000 vehicles throughout unincorporated San Diego 
County. At its height, the fire advanced at a rate of two acres per second and lasted for 14 
days. The San Diego County Office of Public Works responded immediately, focusing all 
available resources on the recovery effort.  A plan was in place within a week and the debris 
removal effort commenced approximately six weeks after the fires began.  Overall, more than 
128,000 tons of debris was collected in the wake of the fires.  Approximately 74,000 tons of 
concrete, metal, and vegetative debris was recycled resulting in a recycling rate of nearly 60% 
and preserving more than 185,000 cubic yards of landfill space.  

Planning 

While San Diego County did have an emergency response plan in place before the fires, it did 
not include a debris management plan.  During the first few weeks after the fires, county 
officials focused on securing contractors to collect, transport, manage, and monitor debris 
through a competitive bid process and established a fire debris assistance hotline.  Subsequent 
to this experience, the county identified that not having a plan as a major program challenge.  
The county felt that time could have been saved and FEMA reimbursement may have been 
easier if a plan was in place. 

Communication 

County officials quickly established a fully staffed, eight-hour-a-day fire debris hotline that 
provided the public with information detailing all aspects of the county’s fire debris removal 
efforts. The hotline served as a starting point for cleanup efforts and also gave residents 
information on erosion control and volunteer coordination.  Hotline activity dramatically 
increased after the county announced its free debris removal services; more than 2,500 calls 
were received related to the county’s bin program.  Additional public assistance was included a 
on the county’s website that was dedicated to the firestorm, including an ash and debris cleanup 
guidance document developed in collaboration with the Regional Water Quality Control Board.  
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Collection and Recycling 

The County had two incentives to recycle the disaster debris.  At the time of the fires, 
California required a 50% diversion rate.  The County could have deducted the wildfire debris 
tonnages from the annual disposal tonnages if it was demonstrated that a majority of the 
recyclables were diverted.  In addition, the County projected that their existing landfill had four 
years left of capacity. 

The County provided empty roll-off bins (typically 30 or 40 cubic yards each) to be used by 
citizens to remove debris from their property.  This service was provided at no cost to the fire 
victims. The bins were requested by both individual property owners and by communities 
cleaning multiple properties. These bins were intended for use by the surrounding community – 
owners of the property on which the bins were placed were required to sign right-to-enter 
forms. Thus, anyone could use them, not just the person who requested the bin.  The 
residents were given written instructions to separate metals and wood first into provided 
recycling bins.  After that, a bin was delivered for all remaining mixed debris material.  County 
officials concluded that the bin program was very successful in assisting in the timely clean-up of 
fire debris from structures.  More than 1,500 bins provided the infrastructure necessary for the 
management of more than 10,000 tons of debris. 

Most HHW had burned in the fires due to the intensity of the heat.  Some remained and 
needed to be collected to ensure health of volunteers, workers, and the general public.  San 
Diego County held three temporary HHW collection events following the wildfires.  They 
collected more than 82,000 pounds of material at the events, 13,000 pounds of which was from 
fire victims.  The County also established a burned vehicle program that collected and recycled 
more than 4,000 vehicles. 

Additional lessons learned from the wildfires and subsequent debris management can be found 
at: http://www.ciwmb.ca.gov/disaster/Fires2003. The final report, “County of San Diego Debris 
Removal and Recycling Programs for the 2003 Cedar & Paradise Fires Final Report,” published 
in 2005, can be found at this website. San Diego County’s Department of Public Works can be 
found at: http://www.sdcounty.ca.gov/dpw/recycling/index.html. 

ESCAMBIA COUNTY, FLORIDA: HURRICANE IVAN 

On September 15, 2004, Escambia County, Florida, Hurricane Ivan made landfall with winds 
exceeding 130 miles per hour.  The 661 square mile county, including the Pensacola 
metropolitan area, was impacted by the storm’s eastern eyewall that produced the strongest 
wind gusts and heaviest rain bands.  The storm generated more than ten million cubic yards of 
debris in a 12-hour period.  Escambia County successfully diverted more than half of the debris 
from disposal in landfills and recovered more than 90% of the displaced beach sand.   

Preparedness 

Escambia County Solid Waste Management Department officials had a hurricane debris 
management plan in place prior to Hurricane Ivan.  The plan, drafted in 2003, was the 
culmination of months of work. Mark Triplett, the acting director of solid waste management 
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for Escambia County at the time of the storm, stated that the time spent planning was time well 
spent. In developing the plan, private contractors submitted information to be placed on a list 
of potential debris management service providers.  County officials planned to select 
contractors from this list in the event of a disaster.  

The existing management plan also identified temporary debris storage and processing sites. 
Many of the county-owned parks were used to stage debris for processing and disposal.  These 
sites easily could be returned to recreational facilities after the debris was removed.  One large 
debris site that was not in the original plan was Blue Angel Recreation Area, formerly the 
Bronson Field Naval Air Station.  Triplett said, “Being granted permission to use Old Bronson 
Field to process debris was a godsend.”  Approximately two million cubic yards of debris was 
processed at the Navy-owned recreation area.  The County would have realized a major short­
coming in its storage capacity without the site.  The temporary sites that had been included in 
the County’s plan could not have accommodated such a large volume of debris. 

Collection and Recycling 

Hurricane Ivan generated more than ten million cubic yards of debris in Escambia County.  
Escambia County and Florida Department of Transportation road crews quickly began the task 
of clearing major roadways of debris immediately as soon as it was safe.  County officials also 
began contracting debris management service providers and consultants to manage the removal 
and management activities.  Triplett stated that clearing the roadways by cutting and staging 
downed trees was the first priority of the state and county road crews while County officials 
initiated the contractor selection process.  This first stage of debris removal by County road 
crews allowed time to secure contractors.  Triplett stated that clearing the roads usually takes 
between five and seven days, depending on the size of the storm.  

Once contracts were in place, it was ultimately the debris contractors’ responsibility to identify 
the means of debris management.  The contractors knew that the vegetative waste held value 
and was marketable. The vegetative waste was ground into mulch and then managed in various 
ways, including incineration, land application, and as a raw material in paper mills.  Nearly all of 
the two million cubic yards of debris processed at the Blue Angel Recreation Area was 
exported to Italy after the contractors brokered a deal for its use as biomass in power plants.  
The mulch was transported to Port Canaveral, Florida, and then shipped from there to Italy.  
The County managed more than 6.5 million cubic yards of vegetative debris in various ways: 
60% exported to Italy and sold as biomass for energy generation; 15% sold to paper mills; 15% 
used as landfill cover; and 10% incinerated on site in air curtain incinerators. 

Sand was another type of debris displaced along the barrier islands of Escambia County.  The 
storm eroded the existing beaches and dune system and deposited the sand onto roadways and 
beachfront properties and into Escambia Bay.  More than 1.35 million cubic yards of sand 
needed to be moved.  The sand was filtered through a screen to sort out contaminants and to 
comply with restrictions regarding the composition of the area’s beach sand.  Approximately 
95% of the sand was recovered through the screening process and reused to establish a five-
year protective berm. 
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Communication with the Public 

As soon as the area was placed under a hurricane warning, Escambia County officials began 
communicating with the public through radio and TV public service announcements.  Residents 
were urged to segregate debris generated by the hurricane from other household or municipal 
wastes. These messages continued throughout the event and were the primary means of 
communication with the public until newspapers resumed operations.  A debris hotline was also 
established after Hurricane Ivan and was still in operation a year later, making valuable 
contributions to the clean up efforts of both Hurricanes Dennis and Katrina in 2005.  

Lessons Learned 

County officials included a list of contractors in the county’s debris management plan.  The 
contractors were not pre-qualified, which slowed the initial evaluation process after the storm 
hit. It took 12 days to select three contractors and finalize rates and contracts.  If the 
contractors had been pre-qualified prior to Hurricane Ivan’s landfall, they could have begun 
processing debris as road crews staged it. County officials have since revised their current 
debris management plan. It now contains pre-qualified debris contractors in the case of 
another storm or other disaster event. These contractors can be mobilized and engaged prior 
to the landfall of a hurricane. 

Escambia County officials also learned that communication with the public should be ongoing 
through a public awareness campaign. Triplett stated that the lack of such a campaign was a 
significant flaw in their preparations.  One of the biggest problems that the county faced was 
public outcry for debris to be picked up sooner rather than later.  Making the public aware of 
the county’s debris management procedures and policies would help the public plan and react 
in a better and more efficient way. 

The Escambia County Debris Management Plan can be found at: 
http://www.co.escambia.fl.us/departments/purchasing/documents/DebrisMasterPlan.pdf. 

LOS ANGELES, CALIFORNIA: THE NORTHRIDGE EARTHQUAKE 

The City of Los Angeles relied heavily on recycling to manage debris from the January 1994 
earthquake. In response to the earthquake, City staff negotiated with FEMA to designate 
recycling as the preferred method of debris management.  The City developed contracts with 
existing businesses to recycle clean, source-separated materials and worked with more than 
nine businesses to develop processing capacity for mixed debris.  By midsummer, the City was 
able to recycle approximately 56% of the earthquake debris collected, totaling over 1.5 million 
tons. 

Collection and Recycling 

The City of Los Angeles did not have a plan for debris management prior to the earthquake but 
quickly developed debris management procedures after the disaster.  The day after the 
earthquake struck, the City instituted a curbside debris collection program.  Prior to the 
earthquake, C&D materials typically composed 10% to 15% of Los Angeles’ debris stream but 
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increased from 150 tons per day to 10,000 tons per day following the earthquake.  City officials 
updated an existing list of licensed, insured debris removal contractors, asked them to attend 
an orientation meeting, and signed contracts for debris removal. 

At first, contracts for debris removal were only two pages long and expired after one week of 
work. These early contracts allowed the City to begin removing debris quickly, yet did not 
include recycling, subcontracting parameters, or other requirements.  Contracts ultimately 
grew to 22 pages. The City assigned each contractor a grid of streets to clear.  City inspectors 
monitored contractors and kept records to determine whether debris in each area was 
collected within seven days of being set out. When contractors expended their total contract 
amounts, City officials placed them at the bottom of the list of approved contractors and called 
them again when their turns came. 

After two months of negotiation, FEMA allowed the City to include recycling as a debris 
management method. This decision was based primarily on the City's local policy supporting 
recycling and a recycling pilot that documented a potential 82% recycling rate.  Contractors 
separated wood, metal, soil, concrete and asphalt, and red clay brick. Most of the materials 
collected were recyclable.  Recyclers crushed concrete and asphalt (mixed with up to 15% soil) 
and sold it for use as sub-base in roads.  They reused soil as landfill cover and soil amendment.  
They ground and screened wood, selling fine pieces by the cubic yard for landscaping and 
coarse pieces for compost or biomass-to-energy.  Recycling facilities either ground up brick for 
use on baseball infields or chipped it for use in landscaping.  Scrap metal dealers recycled metal 
waste. 

The City required its contractors to send all mixed debris to four facilities that were capable of 
recycling it.  Two of them used an automated process that screened out fine debris and sent 
the remainder along a conveyor belt where workers removed and separated wood, brick, 
metal, and trash by hand. A vibrating screen removed any soil left in the remaining stream.  At 
the end of the process, only clean concrete and asphalt were left.  The facilities were able to 
recycle approximately 80% of the mixed debris. 

City officials also ensured that debris was recycled by providing incentives to haulers.  For 
example, City officials required haulers to develop a recycling plan that included scouting for 
recyclables and dedicating trucks to a given type of debris, so that debris separated at the curb 
did not become mixed in the truck.  The City also created contract incentives that placed 
source-separated recycling at a higher priority than mixed recycling.  With these efforts, the 
City expanded its C&D recycling capacity by approximately 10,000 tons per day.  Immediately 
after the earthquake, all debris began to be disposed of in only three landfills.  Just over a year 
later, the City had added 18 recycling facilities and one landfill.  This expansion also helped meet 
a long-term goal to increase recycling of routine C&D materials. 

Communication to the Public 

Soon after the earthquake, officials announced to the public through various media outlets that 
they could leave debris for pickup on the street in a pile as wide as a parked car.  At first, the 
City allowed residents to leave mixed debris at the curb, but as the effort progressed, residents 
were asked to separate concrete and asphalt, soil, red clay brick, wood, and all other material.  
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Planning for Natural Disaster Debris 

Residents had become accustomed to the relaxed requirements that allowed them to set out 
mixed debris, so City workers distributed door-hangers requesting that residents separate 
debris. Where residents still did not separate debris into its recyclable components, work 
crews preceded the debris haulers to separate the debris.  When residents placed yard 
trimmings or other non-earthquake-related debris on the curb, workers left door-hangers 
explaining why these materials were not picked up and provided directions on how to reuse, 
recycle, or dispose of it.  

The City relied on both residents and City staff to determine which locations needed debris 
removal. A telephone hotline staffed by multilingual operators accepted residents’ requests for 
debris removal. Staff entered the address of each caller into a GIS-database and regularly 
produced maps showing areas needing pickups. At the same time, City inspectors supervising 
the debris management work reported streets where debris was ready for pickup. 

Lessons Learned 

The Los Angeles program successfully recycled and diverted a high percentage of the debris 
generated from the Northridge earthquake. Although the efforts were successful, the efforts 
were reactive because the City did not have a comprehensive disaster debris management plan 
in place prior to the earthquake.  While this approach worked in this instance, other 
communities may not experience this level of success without a considerable amount of pre-
disaster planning. Most communities would find it beneficial to develop a disaster debris 
management plan if they hope to recycle a reasonably high percentage of the debris generated.  
Los Angeles attributed its success to quick action and to a high level of participation and 
cooperation by its residents. 

Outside Assistance 

In the aftermath of the Northridge quake, the California Office of Emergency Services provided 
a liaison to FEMA and issued emergency regulations expanding permit hours for solid waste 
facilities.  FEMA funded the debris recycling program, including paying recycling facility tipping 
fees, as well as the costs associated with hiring data entry staff and contracting with a consultant 
to manage recycling efforts. In addition, recycling saved the City transportation costs since 
recycling facilities were closer to the devastated areas and many had shorter lines.  California's 
Integrated Waste Management Board helped Los Angeles obtain this funding by writing a letter 
to FEMA stating that recycling was state policy.  Los Angeles, like every community in 
California, has been required to submit a plan for source reduction, recycling, and composting 
under the state's Integrated Waste Management and Litter Reduction Act.  FEMA determined 
that since Los Angeles had a recycling policy prior to the earthquake, the City did not need to 
demonstrate that recycling would save money in order to obtain FEMA funding. 

ALSTEAD, NEW HAMPSHIRE: 2005 FLOODING 

During the first week of October 2005, the western part of the State of New Hampshire was 
subjected to intense flooding and damage. The area received approximately 12-inches of rainfall 
in a 30-hour period.  The inability of existing drainage networks to handle the intense rainfall 
caused a road embankment to fail resulting in a 30-40 foot high wall of water and debris being 
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Planning for Natural Disaster Debris 

discharged into the valley.  The resulting flood resulted in loss of life, damage to private 
property, destruction of homes and businesses, severe damage to infrastructure, extensive 
erosion, contamination of drinking water and loss of agricultural productivity. 

Collection and Recycling 

The local community field in the town became a temporary storage area for flood debris.  
Materials were sorted into separate piles of tires, wood, cars, metal, and trees.  Trees were 
shredded into wood chips and topsoil was recovered by screening some of the woody debris.     

Communication to the Public 

Soon after the flooding subsided, the Town of Alstead relied on local television, cell phones, 
and word of mouth (the small nature of the town made this possible) to inform residents of the 
magnitude of the flooding and what plans were being put in place to collect debris.  

Lessons Learned 

The Town found that statutory and rule authority needs to address debris management during 
and after a disaster.  Emergency Permits for temporary facilities were helpful in collecting, 
processing, and disposing /reuse (CPD) of disaster debris.  Proximity of CPD’s to the main 
debris fields and damaged structures was a major factor in siting CPDs. Approval of local land 
owners may prove to be difficult on a short time schedule during the emergency.  Pre-
identifying emergency CPDs is extremely helpful so that their site capacity and handling rates 
can be estimated. It is also necessary to account for any archeological, historic or 
environmental issues associate with these CPD sites.  Modification of existing facility permits, 
on a temporary basis, was important to handle incoming disaster debris.  Among the 
modifications were the allowance of vegetative material/tree parts to be disposed in landfills 
with debris and the annual/monthly disposal rates to be exceeded to account for the additional 
disaster debris.   

Pre-planning in the following areas also can save time and money and/or increase the 
effectiveness of the operations:  1) estimate volumes and types of debris to be encountered, 2) 
establish debris segregation protocol (including homeowner curbside and separate containers 
for homeowners and state clean-up debris) prior to the event and communicate with others, 
e.g. FEMA, ACE, EPA, USCG and Other States, so that there is a minimum of duplication of 
efforts, 3) pre-identify processing/disposal facilities and capacities (e.g., wood burning power 
plants for tree/brush/clean wood), and 4) open burning is almost inevitable for some debris; 
especially trees and brush (pre-identify State Air Agency/EPA requirements for the burns, 
including air monitoring).  

Implementation of clean-up efforts was another area where valuable lessons were learned. 
These included: 1) trying to have 2-3 weeks of supplies for response staff to be self-sufficient 
on-site, 2) reviewing debris clean-up projects for any Supplemental Environmental Projects 
(SEPs) being considered by the enforcement agencies to see if they can be included and/or 
modified for disaster debris clean-up, 3) reviewing debris types and characteristics and deciding 
if any special processing tools are relevant (e.g. shaking screens to remove dirt/sediment from 
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building debris prior to landfill disposal, need for tugs to remove sunk vessels, etc), and 4) 
making sure that homeowner debris is separate from state/local agency clean-up efforts to 
simplify FEMA reimbursement. 
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Appendix B 


Hazardous Waste Bulking Center Overview 

and 


Public Information Flyers  

Used for Debris Management 


During Hurricane Katrina Clean-up  

in Louisiana 


B-1 




 
   

 
 
 

 
 

 

 

 

 

 

 

 

 
 

 

 
 

Orleans Household Hazardous Waste and Hazardous Waste Bulking Center 

Overview
 

Updated May 13, 2006 by EPA Region 6 

Orleans Household Hazardous Waste and Hazardous Waste Bulking Center (10200 Old 
Gentilly Rd, New Orleans, LA 70127) 

The Bulking Center receives household hazardous wastes (HHW) and hazardous waste (HW) 
from EPA and US Army Corps of Engineers (USACE) crews.  All HHW are shipped off site as 
non-hazardous after being categorized according to hazard class.  The other waste streams 
handled include commercial and industrial waste streams or products.  These are characterized 
and bulked if possible prior to shipment as hazardous waste.  Water/fuel mixtures recovered 
from automobile gas tanks are bulked.  

Introduction to the Pad 

The Orleans HHW/HW Bulking Center (the Pad) is laid out to direct vehicles through a counter 
clockwise route. This allows EPA crews to drop off commercial/industrial waste prior to 
entering the HHW area. Also for EPA crews collecting ammunition they must drop this material 
off before moving on to other locations on the Bulking Center.  Although the USACE 
contractors follow the same route, they proceed to the HHW counting station and then are off-
loaded in a sorting area, divided according to waste classification categories.   

This summary presents a brief description of the stages of unloading and characterization and 
what to look for at each station. 

Site Safety and Evacuation 

Three short blasts on the air horn indicate the need to evacuate the area.  Immediately stop what 
you are doing, observe the wind socks and proceed upwind or crosswind to either the front 
(adjacent to the office trailers) or back (open field off the southeast corner of the) muster 
location. If you are driving in the beyond the pad entry area and the evacuation alarm sounds, 
stop and put the vehicle in park, turn it off, and leave the key in the ignition – proceed on foot to 
the muster location.  One long blast on the air horn means “all clear.” 

During severe weather alerts the crews will be instructed to move to the concrete building at the 
rear of the pad near the propane tank storage area.  There are doors on the north and south sides 
of the building. 

Air Monitoring 

The Superfund Technical Assessment & Response Team (START) contractors maintain and 
monitor the air monitors which are generally located in the following locations: 
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1.	 Oxidizer Section 
2.	 HHW Hazcat Section 
3.	 Flammable/Bulking area 
4.	 Chemical Offloading Pad (2 monitors) 
5.	 Gas Tank Bulking Area/Haz Cat (2 


monitors) 

6.	 Special Refrigerator Storage Area 
7.	 HW storage Pad 
8.	 Cylinder Storage Pad 

When the Pad is operating with a limited crew, 
such as on Sunday when no bulking or Hazcat 
operations are performed, or when a location 
has no stored wastes, fewer monitors are needed.  

The air monitors measure LEL (Lower Explosive Limit), O2, CO, H2S, and VOCs. The monitor 
at the Special Refrigerator Storage Area monitors SO2 in place of CO. The monitors in the 
Oxidizer Section and the Hazcat Section also monitor for CL2 in place of H2S. The monitors in 
the Oxidizer Section, Hazcat Section, Gas Tank Bulking Area/HW Hazcat Area and Special 
Refrigerator Storage Area also have Gas Alert single gas monitors for Ammonia.   

All of these monitors are checked every hour, and the current and maximum readings for each 
parameter are recorded in a logbook.  The units are also data loggers and are downloaded at the 
end of each day. 

START contractors will enter the site in the morning and set up the air monitoring stations prior 
to entry by the crews. START is responsible for completing air monitoring activities.  The 
ERRS crews at a station are aware of the monitors and have been instructed to move away from 
the area if the alarm on a monitoring location continues to sound.  They will notify START of 
the alarm.  Once conditions have improved the crew can continue working in the area.    

1.	 Site Entry 

The administrative trailers 
are at the site entrance.  
There is a Command Post 
(EPA/START) trailer and a 
contractor (Emergency 
Rapid Responders or 
ERRS) trailer. All visitors 
are requested to sign in and 
out inside the Command 
Post. This includes the 
USACE QA staff and 
contractors working for the 
ER Group who are not 
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assigned to the Bulking Center who come on site to drop off firearms and ammunition.  This 
does not include collection crews only dropping off their HHW/HW loads.   

Also in this area are “conex” shipping containers with water, Tyvek, gloves, and other supplies 
near the ERRS trailer.  The break area tent for the pad workers is also located in this area.  
Portable toilets are located just south of the break tent.  The large abandoned building on the site 
is not to be used by the crews. 

There is a stop sign at the truck entrance.  Beyond this point hard hat, safety glasses and high 
visibility vest are required.  Cell phones and radios should be turned off. Bobcats, large trucks, 
and other heavy equipment traverse the pad in various directions past this point, so caution is 
needed. 

There two USACE contractors who monitor their trucks coming and going at this point.  These 
contractors are not under our control so we ask that they sign in and out every day to ensure their 
safety on the site. The USACE contractors check the HHW trucks come in, looking for hazard 
items which should not have been collected (e.g., biomedical wastes, ammunition) and for mixed 
incompatible chemicals; feedback is given to the crews to improve the process. The EPA 
representative should spot-check this QA process and assist in speeding this check during 
periodic truck backups. Field Observers might also watch here for unstable or unsafe loads 
coming in to the PAD.  This includes leaking containers that are not bagged and liquids spilled 
inside the bins. 

The HHW/HW pad receives items from multiple contractors working for the USACE and EPA.  
Currently, we are receiving items from Orleans Parish on a daily basis.  Items are also received 
from Jefferson Parish, although this does not appear to be a regular drop-off.  EPA crews are also 
traveling to Plaquemines Parish a few days a week to pickup HHW from the USACE contractors 
in that Parish at a central location. The USACE contractors delivering items to the HHW 
collection site include: EE&G, ECC and CERIS (Jefferson Parish).  ECC delivers HHW in two 
trucks; one is a large stake bed truck and the other is a pickup and trailer marked with ES&H.   

Field Observer might watch for PPE being donned prior to entry.  Safety glasses, hard hats and 
highly visible vest are required.  Gloves should be worn when any waste materials are being 
handled. There are hand washing/emergency eye washing stations just adjacent to the corrosives 
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station, at the Hazcat station, at the drum storage facility, at the battery pad, and within the gas 
tank bulking facility.  Additional PPE is required for workers in the HHW Bulking, Fire 
Extinguisher Station and Gas Tank Bulking Area. 

The drivers of the USACE trucks are not allowed to exit their vehicles while in the pad area, 
except in an emergency.   

2. Counting station. 

Only HHW loads are counted at this location.  For EPA commercial/industrial waste operations, 
START contractors are responsible for counting the items, which usually involves drums, 
cylinders and automobile gas tanks.  On the way, the trucks pass the following features that will 
be discussed further along: scrap metal salvage pad, conex boxes for ammunition and weapons, 
hazardous waste bulking and storage areas, non-freon refrigerant area, and the pad for standard 
propane cylinders and commercial-size gas cylinders. 

The counting station is staffed by one to 
two START contractors, according to 
the day and time.  The task of the 
counters is to count and mark each item 
(HHW) in the incoming truck.  Items 
are counted in three categories; propane 
tanks, cylinders, and “smalls”.  The 
“smalls” are essentially anything that 
doesn’t fall into one of the other 
categories.  Each item is marked with 
orange spray paint during the count. 
We do not count empty containers.  Our count is for the tracking of the total quantity of material 
kept out of the municipal landfill.  This allows the Pad to keep a tally of items delivered by EPA 
and USACE contractors.  There are two exceptions to counting the loads: one of the larger ECC 
trucks is counted when it is unloaded due to the size of the load and the way the bins are stacked; 
and the box trucks, carrying large items, 
will be unloaded prior to counting.  The 
counters should never count items inside 
of box trucks because of the potential for 
fumes to collect inside the trucks. 

The START contractors try to get a true 
item count although some items such as 
medicines and other small items that 
would normally be packaged together 
are estimated or counted as one item.  In 
addition to not counting empty 
containers, the counters should not count 
non-HHW items, such as caulking tubes, hair care products, laundry detergents, incandescent 
light bulbs and numerous other items, that the crews have been clearly instructed not to collect. 
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3. Chemical Offloading Pad 

Trucks go directly from the counting station to the Chemical Offloading Pad.  From this area, all 
chemicals are taken to the various stations around the pad.  Typically the workers from each 
station gather the materials appropriate to their station in order to have the trucks unloaded more 
quickly. The stations are described later in this document.  From the unloading station the trucks 
leave the Pad for further collections.   

Field Observers should look for items placed in the wrong area, such as waste oils placed on 
paint pallets, cylinders placed in the wrong holding area (oxygen with flammables) and 
miscellaneous leaking containers placed in with the leaking paint boxes.   

For all areas at the end of the shift the workers should cover with plastic sheeting any items that 
were not processed and close the lids on any drums or boxes. 

4. Household Hazardous Waste and Commercial/Industrial Waste Stations 

This is a summary of HHW/HW stations on the Pad, and the procedures at each station.  Stations 
are discussed in counterclockwise order following the route of the truck. 

a) Shipping Pad 

Bulked waste drums, overpack drums, 
and waste in Gaylord boxes are stored 
on a center-draining concrete pad 
which has a sealed drain.  These 
containers are taken to Phillips 
Services in Houston, TX. Field 
Observes should check the condition 
of the containers and verify that 
commercial/industrial waste is being handled properly. 

b) Fire Extinguisher Station 

Here fire extinguishers are emptied, 
some of them are crushed others are 
placed directly into a scrap metal roll 
off bin. 

Caution: Some halon extinguishers a re 
designed for high release rates, 
presenting a high danger; crew 
members at this station should be 
reminded to never attempt to discharge 
them.  These units do not have hand­
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held triggers. All halon units are now stored in a Gaylord box for delivery to a facility where 
they can be safely exhausted. 

Fire extinguishers are unloaded at the Chemical Offloading Pad and placed in pallets with 
plywood sides. They are then taken by forklift to the Fire Extinguisher Pad for processing.  The 
powder is placed in a Gaylord box (cardboard 1-cubic-yard box).  The powder is taken to 
Phillips Services in Houston, TX. 

c) Scrap Salvage Station 

The scrap salvage “crushing” station is located on the 
west side of the scrap metal roll-off bin.  Empty metal 
containers such as gasoline tanks, fire extinguishers, 
insulation cylinders, and drums are crushed and 
placed in the scrap bin. The scrap metal is taken to 
Southern Scrap. Plastic tanks and drums are also 
crushed here before placement in the trash roll off 
bin. 

Field observers should watch that the area is roped off during the time the crew is crushing 
empty containers and that containers are empty. 

d) Ammunition and Weapons Storage 

Ammunition and weapons are stored but not 
processed here. Field Observers should make sure t he 
boxes are locked and have “Flammable” placards.   
The area should be kept picked up, no open 
containers and no trash in the area. The boxes are 
moved in and out as needed for disposal. These items 
are brought in by the Emergency Response Branch 
teams.  The ammunition is taken by Clean Harbors. 

e) Battery Storage Area 

Batteries are placed on pallets in the HHW 
unloading pad and full pallets are 
transferred to the storage pad which is 
located on the west edge of the site.  The 
batteries are periodically picked up by 
Interstate Battery Company. 
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f)	 Gas Tank Bulking and Commercial/Industrial Waste Storage/Hazcat 
Operations 

Automotive gasoline/diesel tanks are unloaded into the building or on the concrete pad located 
on the north end of the building. Empty tanks are 
unloaded directly in the scrap salvage area. The 
fuel is bulked into drums which are transferred to 
the drum shipping pad.  The empty tanks are then 
crushed and placed in the scrap metal roll-off.   
Oil can also be bulked in this area.  The observer 
should make sure that tanks with fuel have all but 
one of their lines duct-taped in order to prevent 
spillage or vapor buildup. Hazardous waste (HW) 
Hazcat testing is also performed in the building.   

The HW storage area is located across the road (west) from the gasoline bulking area.  Drums are 
stored here until they are categorized.  After Hazcat testing, they are transferred to the drum 
storage/shipping pad for shipping. The observer should watch for leaking drums and tears in the 
liners. Drums placed here should have a tracking (“T”) number marked on them; START also 
marks these drums with a “D” number for tracking purposes. 

g) Special Refrigerator Storage Area 

Special refrigerators use non-freon 
refrigerants. Two common refrigerants 
are sulfur dioxide and ammonia. Like 
ammunition and firearms, special 
refrigerators are not processed here.  They 
are only stored until a full load is 
accumulated; then they will be shipped off 
site for disposal.  Special units include: 
Sulfur dioxide, ammonia, methyl formate, 
R-113, and R-23. Based upon information 
in the NIOSH guide, SO2 units should be segregated from the ammonia units.  Units should be 
stored in an orderly manner.  Units are only accepted from one of our crews.  Dumas (an ERRS 
subcontractor) periodically picks up these 
units. 

h) Tank/Cylinder Pad 

Pressure tanks and cylinders (e.g., propane, 
Freon, oxygen, acetylene) are accumulated 
here. 
Propane tanks are off-loaded at the Chemical 
Offloading Pad and then taken by wagon to 
the Tank/Cylinder Pad where they are 
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accumulated prior to being placed on pallets, secured with plastic wrap, and made ready for 
shipment.  These cylinders pallets are stored just east of the pad and are picked up by Blue 
Rhino. 

Containers of Freon gas are handled by the same contractor, Dumas, who does the extractions at 
the White Goods area.  The empty containers are then returned to the site and crushed.  The 
Freon contractor cannot take cylinders without a label.  These should be separated for alternative 
disposal. 

Miscellaneous small tanks (insulation, pesticides, and adhesives) are also stored at this location 
prior to disposal. 

Commercial-size cylinders are stored into segregated areas, grouped as flammables, non-
flammables, oxidizers and unknowns.  Commercial cylinders should have T-numbers marked on 
them by the collection crews prior to being dropped off at the pad.  START will add a C-number 
at the pad. These numbers are used to track the items into and out from the Pad Site.  If the 
cylinders have owner labels, owners are contacted and asked to retrieve their property.  Orphan 
oxygen and carbon dioxide cylinders will be vented on site; orphan propane cylinders are burned 
off in the northwest area of the site using large gas cooking burners with pots of water. 

Field observers should observe whether the tanks/cylinders are being handled and segregated in a 
safe manner.  Aisle space should be left between the propane pallets to allow access to the 
containers. 

i) Bulking Pad 

Oil, antifreeze, poisons, and flammable liquids are bulked here. Most poisons to be bulked 
arrive in unmarked sprayers (the manual pump insecticide sprayers).  The containers first go 
through the Hazcat station to make sure their contents are compatible.  Flammable liquids to be 
bulked include various oils and gasoline that arrives in gas cans.  The flammable liquid drums 
are grounded to prevent sparking. 

Potential issues for a Field Observer to 
keep in mind here is the potential for some 
incompatible material to be mixed in with 
the gasoline and other flammable 
materials.  Gasoline tanks are assumed to 
contain gasoline, but other uses are 
possible. Proper grounding of bulking 
tanks is important to avoid buildup of 
static electricity.  In addition to the 
protective clothing worn by all pad workers, this area requires respirators and splash aprons.  In 
addition, workers should attempt to bulk and secure all material received at this pad prior to 
leaving for the night. 
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j)	 Hazardous Waste Categorization 

(Hazcat) 


This section is where unknown materials are 

separated into broad categories according to their 

hazard class (as opposed to specific chemical make­
up). The Hazcat station workers may wear Level C 

PPE during some categorization. 


The purpose of the hazard categorization (Hazcat) 

and segregation is to pack and bulk items for shipping and prevent incompatible chemicals from
 
being packed and shipped together. Incompatible chemicals might react with each other during 

shipment and cause fire, toxic vapors, explosions, or other dangerous reactions.  


Actual identification of each and every chemical is not required in order to pack products for 

shipping, and, given the large number of items passing through this facility, such identification is 

not practical. 


With minor modifications specific to this site, personnel at the Hazcat station at this pad follows 

procedures outlined in the Environmental Quality Management, Inc., Standard Operating 

Procedure. 


Because this analysis is conducted outdoors, fume hoods are not required. 


1. Sample Documentation:  Record color, clarity, and other physical description of the sample. 

2. Air Monitoring: Screen the sample with a PID (Photo Ionization Detector) or FID (Flame 
Ionization Detector) to help identify volatile compounds in the sample. 

3. Solubility Testing: Water will be used for solubility testing at this site. 

4. Density Test:  Used for insoluble compounds.  Recorded as lighter or denser than water. 

5. Sample Reactivity:  Air reactivity is observed upon opening the sample prior to hazcat testing.  
Air reactivity is normally a result of a reaction with moisture in the air. 

6. Water Reactivity is noted during water solubility testing. 

7. pH Test: pH is tested during water solubility testing.  The pH strip is first immersed in water 
to wet it. The strip is then placed in the sample.  The strip color is compared against a chart. 

8. Peroxide Test: Flammable solvents should be tested for the presence of peroxides.  Peroxide 
strips are used for this test. The strips should be quality control checked daily by immersing 
them in hydrogen peroxide. 
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9. Oxidizer Test: This test also uses a test strip.  The strip is wetted and one drop of 5% HCl is 
added to the strip.  If oxidizers are present, the strip will turn a blue-black color.  These strips 
should be quality control checked daily.   

10. Cyanide Test: The cyanide test is available here, but is not normally run because cyanide is 
not a common household chemical. 

11. Sulfide Test: Add sample to the test kit tube, add a few drops of HCl. After agitation the lead 
acetate paper will turn blue-black if sulfides are present. 

12. The Bielstien Test: This test is used to determine if solvents are chlorinated solvents.  The 
test will not be run at this site. 

13. Flash Point: A small portion of the sample is added to a watch glass.  A lighted match is then 
held near the sample.  If it lights, it is definitely flammable. If the match has to touch the sample 
to light it, flash point is approximately 140° F.  If it takes longer than a second to light the 
sample the flashpoint is over 140° F. 

k) Oxidizer Area 

This area is at the south end of the bulking/sorting tables located behind the unloading area.  This 
area receives oxidizers including bleach, certain pool chemicals, and peroxides.  These chemicals 
give off oxygen and can cause or enhance the combustion of other materials.  Chemical names 
ending in “ate” or “ite” such as chromate or nitrite, or beginning with “per” or “peroxy” indicate 
oxidizers. 

Note that older pool treatment chemicals might be 
hypochlorite, an oxidizer, while newer pool 
chemicals may be organic chlorinators such as 
isocyanurates (cyanuric acids), which are 
incompatible with hypochlorites, strong bases, and 
strong acids!!  This is an example of products that 
might be purchased for the same purpose, but are 
not compatible. 

l) “Household” Section 

This is not a DOT category, but this section sorts chemicals from a wide variety of household 
products into the appropriate containers. Acids and alkalines are packed separately.  Many 
products fall into a broad category called “paint-related materials” or PRM.  These are boxed as 
non-hazardous (for example, latex paint or caulking) if they don’t contain hazardous chemicals, 
or drummed as flammable if oil-based or containing flammable liquids like alcohols.    
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Sometimes seemingly-related materials 
need to be put in separate categories. 
For example, automobile windshield 
fluid is a flammable PRM because it 
contains methanol, while Windex is an 
alkaline because it contains ammonia. 
Another example is toilet bowl cleaner, 
which may be either a strong acid or a 
strong base. All HHW is shipped to 
Phillips Services in Houston, TX. 

m) Poisons 

The term “poison,” according to the DOT 
classification, simply means that it has been 
classified as toxic even in small doses.  
Products may contain the word “poison” in t he 
warning label as a warning against ingestion, 
but not necessarily fall under the DOT 
classification. Common vaporous produc ts 
found in this section are insecticide gasses, 
solvents, isocyanates, refrigerants, and 
chlorinated materials under pressure.  These 
items should either be capped, or have their 
spray nozzle heads removed prior to packing. 

Poisons in solid form may include medicines (frequently in prescription pharmacy containers), 
pesticides & herbicides (like powders or granules in bags).  Reactive chemicals such as 
corrosives and oxidizers should be kept separate from these materials. 

Various drums and lined Gaylord boxes are located behind these tables for the various categories 
of waste. 
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n) Flammable Section and Paints 

This section separates flammable solids, liquids, 
and aerosol cans into appropriate containers.  
Flammable liquids should be packed in drums if 
leaking. 

Paints are palletized according to latex or oil, 
and transported to the front of double-lined roll-
off containers (one for oil, one for latex). Oil 
paint cans are transported to a facility to be 
crushed, and the paint used to make a fuel.  
Latex is dried and disposed. Cans are recycled. 

o) Batteries 

Automotive Batteries are palletized.  They are 
wrapped in yellow chemical resistant absorbents if 
open or leaking. Full pallets are stored on the west 
edge of the facility for pickup. 

Small Batteries are separated and drummed 
depending on the type. 

p) First Aid and Emergency Showers 

The first aid station is located on the left side as you enter the HHW/HW operations, just outside 
the exclusion zone. One emergency shower and eye wash station is located next to the first aid 
station. The other one is located in the drum storage building.  Other emergency eye wash 
stations are located near the Corrosives (battery), Hazcat, Oxidizers, and Gas Tank Bulking 
stations. One first aid responder is on site at all times of operation. 
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HURRICANE RESPONSE 


St. Tammany Parish 
HOUSEHOLD HAZARDOUS WASTE DROP-OFF 
Final Dates for Drop-off at EPA Sites - Now through DECEMBER 20 

• CLEANERS (such as bleach and ammonia) 
• ROACH & OTHER PEST KILLERS 
• PAINT & WORKSHOP SUPPLIES 
• AUTOMOTIVE PRODUCTS 
• FLAMMABLE PRODUCTS (such as oil, gas and propane) 
• LAWN & GARDEN PRODUCTS 
• OTHER HOUSEHOLD CHEMICALS 
• FLUORESCENT LIGHTS 
• THERMOMETERS 
• BATTERIES 
• Televisions, computers and other electronics will also be collected. 

DROP-OFF LOCATIONS AND SCHEDULE: 

Western St. Tammany Parish
 
Open 8 am to 4 pm Monday through Friday (last day for drop-off December 20) 

Mandeville High School – To access the site, take the West Causeway Approach to Mandeville High Boulevard.  
Take Mandeville High Boulevard to the circle at the end of the road – look for yellow signs. 

Northern St. Tammany Parish
 
Open 8 am to 4 pm Saturday, Sunday and Wednesday (last day for drop-off December 18) 

Near Parish Jail in Covington – To access the site, take Columbia St. to Champagne St. and follow signage. 

Eastern St. Tammany Parish
 
Open 8 am to 4 pm seven days a week (last day for drop off December 20) 

Near Slidell, eastern gate of Camp Villere – To access the site, take US Hwy 11 to Browns Village Road just 
north of I-12. Drive about two miles west following signs until you reach the end of paved road at the East Gate 
of Camp Villere. Drop-off site is just inside the gate on the left. 

At household hazardous waste collection centers, we CANNOT accept: commercial or industrial 
waste, medical waste, building materials, vegetation, debris, and large appliances. 

For more information on household hazardous waste disposal, call EPA at 1-800-401-1327 (prior to 
December 20) or the St. Tammany Parish Environmental Service at 985-898-5243 (after December 20). 
For questions on ammunition, guns or explosives, call 817-233-2757. 

* Large appliances (white goods) should be placed curbside. Do not take them to drop off locations. 

Flyer prepared on December 13, 2005 – F50 
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HURRICANE RESPONSE 


St. Tammany Parish 

LARGE APPLIANCES (WHITE GOODS) 

FREE CURBSIDE PICK-UP 


Items Must be Curbside by JANUARY 2, 2006
 

• AIR CONDITIONERS 
• REFRIGERATORS and FREEZERS 
• STOVES AND OVENS 
• MICROWAVE OVENS 
• DISHWASHERS 
• WASHERS AND DRYERS 
• WATER HEATERS 
• Televisions, computers and other electronics will also be collected. 

¾ TO ENSURE A CURBSIDE PICK UP, OR FOR FURTHER 
INFORMATION ON COLLECTION, CALL THE EPA HOTLINE AT    
1-800-401-1327. 

¾ You MUST place all items at the side of the road (Collectors CANNOT 
pick up white goods on private property). Do not place items in a ditch 
or on the road. 

¾ Items must be curbside by January 2, 2006. Crews will begin to pick 
up white goods and electronics on January 3, 2006. 

¾ This will be the final pick up of white goods in St. Tammany Parish by 
EPA and the Army Corps of Engineers. 

Flyer prepared on December 13, 2005 – F49 
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Foreword 

The Federal Emergency Management Agency (FEMA) encourages State and local governments, 
tribal authorities, and private non-profit organizations to take a proactive approach to 
coordinating and managing debris removal operations as part of their overall emergency 
management plan.  Communities with a debris management plan are better prepared to restore 
public services and ensure the public health and safety in the aftermath of a disaster, and they 
are better positioned to receive the full level of assistance available to them from FEMA and 
other participating entities.  

The core components of a comprehensive debris management plan incorporate best practices in 
debris removal, reflect FEMA eligibility criteria, and are tailored to the specific needs and 
unique circumstances of each applicant.  FEMA developed this guide to provide applicants with 
a programmatic and operational framework for structuring their own debris management plan 
or ensuring that their existing plan is consistent with FEMA’s eligibility criteria.  This 
framework: 

1.	 Identifies and explains the debris removal eligibility criteria that applicants must meet in 
order to receive assistance under the FEMA Public Assistance (PA) Program 

2.	 Provides a blueprint for assembling an effective and responsive plan for the entire 
debris management cycle 

3.	 Outlines the FEMA Public Assistance debris removal organizational structure and 
strategy 

We encourage local officials to review their community’s vulnerability to a disaster and to 
consider how to manage large-scale debris clearance, removal, and disposal operations should 
the need arise.  Your State emergency management agency and the FEMA regional office may 
provide additional technical assistance in your area. 

An electronic version of this guide is available on FEMA’s website at fema.gov.  Because this 
document is not exhaustive and the provisions are subject to modification, consultation with 
the State and FEMA may be necessary. 
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Part I – Public Assistance Eligibility 

Introduction 

The Robert T. Stafford Disaster Relief and Emergency Assistance Act, Public Law 93-288, as 
amended, 42 U.S.C. § 5121, et seq. (hereinafter referred to as the Stafford Act), authorizes the 
FEMA Public Assistance Program to award Federal funding to State and local governments, 
Federally recognized tribes, and eligible private non-profit organizations in order to assist them 
in their disaster response and recovery activities.  Specifically, the Program provides assistance 
for debris removal, implementation of emergency protective measures, and permanent 
restoration of eligible facilities and infrastructure.   

A fundamental goal of the Public Assistance Program is to ensure that everyone shares a 
common understanding of the Public Assistance Program policies and procedures.  To support 
this goal, FEMA has undertaken an effort to provide its State, tribal, and local partners with 
more and better information about the Public Assistance Program.  Part I describes the Public 
Assistance Program’s basic debris eligibility criteria and is intended to be a reference for 
planning and recovery purposes. 

This document provides a summary of the eligibility criteria specifically for debris removal 
operations. For a more comprehensive understanding of the Public Assistance Program, 
additional information regarding FEMA Public Assistance policies, Fact Sheets, and guidance 
materials, including FEMA 321 – Public Assistance Policy Digest, FEMA 322 – Public Assistance 
Guide, and FEMA 323 – Public Assistance Applicant Handbook, can be obtained online at fema.gov. 
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Chapter 1 – Public Assistance Debris Removal Eligibility 


Chapter Highlights 
Public Assistance Grant Program 
General Eligibility Criteria 
− Definition of Eligibility 
− Grantee/Subgrantee 
− Facility 
− Work 
− Public Interest 
− Reasonable Cost 
Environmental and Historic Preservation Special Considerations 
− National Environmental Policy Act 
− Executive Orders 
Duplication of Benefits 
− Other Federal Agencies 
− Insurance Settlements 
− Salvage Value 

Public Assistance Grant Program 

The Federal government may provide grants through the Public Assistance Program to 
reimburse the response and recovery efforts of an applicant (State and local governments, and 
certain private non-profit organizations) for Presidentially declared disasters.  To receive 
supplemental disaster assistance under the Public Assistance Program, applicants must meet 
FEMA eligibility criteria.  

An applicant may conduct debris operations in any manner it deems appropriate.  However, 
only costs associated with applicants, facilities, and work deemed eligible according to FEMA 
eligibility criteria and complying with special consideration requirements are reimbursed under 
the Public Assistance Program.  Therefore, these eligibility criteria and special consideration 
requirements should be taken into consideration by the applicant when developing its debris 
management plan.   

General Eligibility Criteria 

Definition of Eligibility 

Eligible means qualifying for and meeting the stipulated requirements of the Public Assistance 
grant. The term eligible can be applied to applicants, facilities, work, and costs.   
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Chapter 1 – Public Assistance Debris Removal Eligibility 

Eligibility is based on a hierarchy of statute, regulations, policies, fact sheets, guidance 
documents, and disaster-specific documents: 

•	 Statute is the Robert T. Stafford Disaster Relief and Emergency Assistance Act, 42 U.S.C. 
§ 5121 et seq. (Stafford Act), the authority governing the Public Assistance Program. 

•	 Regulations, which are published in 44 Code of Federal Regulations (CFR), Parts 13 and 
206, implement and interpret the statute. 

•	 Policies are written to apply the statute and regulations to specific subjects and 

situations. 


•	 Fact Sheets, guidance documents, and disaster-specific documents provide 

clarification and detailed explanations of issues and concerns. 


The terms ineligible or not eligible are used to indicate the applicant, facility, work, or cost 
does not qualify for a Public Assistance grant. 

Grantee/Subgrantee 

Grantee means the government, usually the State, to which a grant is awarded by the Federal 
government and is accountable for the use of the funds provided. 

Subgrantee (applicant) is the entity to which a subgrant is awarded and is accountable to the 
grantee for the use of the funds provided. Four types of subgrantees are eligible for Public 
Assistance grants: 

1.	 State government agencies, such as: 

•	 State department of transportation 
•	 State environmental resources agency 
•	 State parks agency 

2.	 Local governments, such as: 

•	 Towns, cities, counties, boroughs 
•	 Municipalities, townships 
•	 Local public authorities 

3.	 Private Non-Profit (PNP) organizations or institutions that own or operate facilities that 
provide certain services otherwise performed by a government agency.  Eligible facilities 
are limited to: 

•	 Educational 
•	 Emergency 
•	 Medical 
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Chapter 1 – Public Assistance Debris Removal Eligibility 

•	 Utility 
•	 Custodial care 
•	 Irrigation 
•	 Other essential governmental services, which are open to the general public and do 

not fall into one of the categories described above include community centers, 
rehabilitation facilities, homeless shelters, libraries, museums, senior citizen centers, 
shelter workshops, zoos, performing arts facilities, community arts centers, and 
health and safety services of a governmental nature. 

4.	 Federally recognized Indian Tribes or authorized tribal organizations and Alaskan 
Native village organizations.  This does not include Alaska Native Corporations, which 
are owned by private individuals.  Indian Tribal Governments may serve as a grantee 
instead of a subgrantee. 

Since this document speaks specifically to debris issues, it is assumed the city, county, 
township, or other governing body will take responsibility for planning and implementing the 
debris operations.  The terms “jurisdiction” and “governing body” are used to indicate the 
eligible applicant planning or implementing the debris management operation.   

Facility 

A facility is any publicly or privately owned building, works, system, or equipment, built or 
manufactured, or an improved and maintained natural feature.  Land used for agricultural 
purposes is not an eligible facility.  The eligible facility must be located in the designated 
disaster area and must be the legal responsibility of an eligible applicant.   

Work 

FEMA characterizes work eligible for Public Assistance grants as either emergency or 
permanent work.  These are classified into seven different categories identified by letters A 
through G. This document discusses only emergency work, Category A – Debris Removal and 
Category B – Emergency Protective Measures.  To be eligible, an item of work must meet all of 
the following: 

•	 Be required as a result of the disaster event; 

•	 Be located within a designated disaster area, except that sheltering and evacuation 
activities may be located outside of the designated disaster area; and 

•	 Be the legal responsibility of an eligible applicant. 
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Chapter 1 – Public Assistance Debris Removal Eligibility 

Public Interest 

Eligible debris work must be in the public interest, which is defined as work necessary to meet 
the following: 

•	 Eliminate immediate threats to life, public health and safety;  

•	 Eliminate immediate threats of significant damage to improved public or private 

property; 


•	 Ensure economic recovery of the affected community to the benefit of the community-at-
large; or 

•	 Mitigate the risk to life and property by removing substantially damaged structures and 
associated appurtenances as needed to convert property acquired through a FEMA 
hazard mitigation program to uses compatible with open space, recreation, or wetlands 
management practices. 

Reasonable Cost 

A reasonable cost is defined by the Office of Management and Budget (OMB) Circular A-87, 
Cost Principles for State, Local, and Indian Tribal Governments and Circular A-122, Cost Principles for 
Non-Profit Organizations, as a cost which in its nature and amount does not exceed that which 
would be incurred by a prudent person under the circumstance prevailing at the time the 
decision was made to incur the cost.  Considerations include evaluating historical costs for 
similar work, analyzing costs for similar work in the region, reviewing published unit cost data 
for the work, or comparing costs with the FEMA Schedule of Equipment Rates and Cost Codes. 
The source of costs may include: the applicant’s force account labor, equipment, and materials; 
contracted services; and mutual aid agreements.  Costs are discussed further in Chapter 2, Costs. 

Environmental and Historic Preservation Special Considerations 

State and local regulations, laws, and ordinances need to be addressed and followed for all 
environmental and historic preservation issues. 

FEMA uses the term “special considerations” to describe issues other than basic program 
eligibility that affect the scope of work and funding for a project.  Applicants have a critical role 
in identifying and resolving special considerations issues.  The applicant should assist FEMA by 
identifying the issues as early as possible and providing the information necessary for review.  
A brief description of environmental and historic preservation special considerations that relate 
to debris operations are set forth below.   
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Chapter 1 – Public Assistance Debris Removal Eligibility 

National Environmental Policy Act 

The National Environmental Policy Act (NEPA) requires every Federal agency to follow a 
specific planning process to ensure that agency decision-makers and applicants have considered 
and the general public is fully informed about, with the opportunity to comment on, the 
environmental consequences of a Federally funded action.  This review and consultation 
process is used to evaluate the impact a project and its alternatives may have on the 
environment. The review process required by NEPA is usually the vehicle through which 
FEMA addresses other environmental laws and regulations; however, FEMA is provided with 
statutory exclusions under Section 316 of the Stafford Act.  These exclusions exempt certain 
actions from the NEPA review process and generally include debris removal, clearance of 
roads, and demolition of unsafe structures. If an action is not statutorily excluded, the 
appropriate level of NEPA review must be determined.  FEMA makes the statutory exclusion 
determinations. 

It should be noted that compliance with other individual laws such as the Endangered Species 
Act, the National Historic Preservation Act, the Clean Air Act, and the Clean Water Act is still 
required, even when a project is statutorily excluded from NEPA review.  Environmental laws 
and regulations that may impact debris operations are briefly described in the following 
sections. 

Clean Water Act 

The Clean Water Act (CWA) establishes the basic structure for regulating discharges of 
pollutants into the waters of the United States.  It makes it unlawful for any person to discharge 
any pollutant from a specific source into navigable waters, unless a permit was obtained under 
its provisions.  Through Section 404 of CWA, permits are required to discharge dredged and fill 
materials into waters of the United States, including wetlands. 

Section 402 of CWA implements the National Pollutant Discharge Elimination System, which 
establishes a permit program controlling water pollution by regulating point sources that 
discharge pollutants into the waters of the United States. 

Debris removal projects such as dredging, demolition, and construction and operation of sites 
used for debris management must comply with the requirements of CWA as administered by 
the Federal, State, or local regulatory agency. 

Clean Air Act 

The Clean Air Act was established to protect the nation’s air through the reduction of smog and 
atmospheric pollution. Several State and local governments have enacted similar legislation, 
either implementing Federal programs or implementing more stringent air quality 
requirements within their jurisdictions. 
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Chapter 1 – Public Assistance Debris Removal Eligibility 

Projects that are funded under the Public Assistance Program such as debris clearance, removal, 
disposal, recycling, reduction, and demolition, must comply with the air quality standards 
required by the Federal, State, or local regulatory agencies. 

Coastal Barrier Resources Act 

The Coastal Barrier Resources Act (CBRA) restricts Federal expenditures and financial 
assistance that encourage development of coastal barriers so that damage to property, fish, 
wildlife, and other natural resources associated with the coastal barrier is minimized.  Coastal 
barriers are located along the Atlantic and Gulf Coasts and along the Great Lakes.  They are 
identified on FEMA’s Flood Insurance Rate Maps as Coastal Barrier Resources System (CBRS) 
units. 

Costs for debris removal and emergency protective measures in designated CBRS units may be 
eligible for reimbursement under the Public Assistance Program provided the actions eliminate 
an immediate threat to lives, public health and safety, or protect improved property.   

Resource Conservation and Recovery Act 

The Resource Conservation and Recovery Act (RCRA) requires safe disposal of waste materials, 
promotes the recycling of waste materials, and encourages cooperation with local agencies.  It 
applies to disposal of disaster-generated debris and is of particular concern when hazardous 
materials may be present. 

Endangered Species Act 

The Endangered Species Act (ESA) prohibits Federal actions that cause unnecessary harm to 
species listed as threatened or endangered, or the destruction or adverse modification of the 
habitat for these species.  Endangered species include mammals, fish, birds, reptiles, and 
amphibians, as well as plants and insects.  If a project involves the known habitat of a 
threatened or endangered species, FEMA must consult with the United States Fish and Wildlife 
Service and the National Marine Fisheries Service before approving funding for that project. 

National Historic Preservation Act 

The National Historic Preservation Act (NHPA) requires Federal agencies to take into account 
the effects of their undertakings on historic properties.  Federal agencies must consult with 
parties who have an interest in the effects of the undertaking in order to identify the affected 
historic properties, assess the effect of the undertaking on historic properties, and seek ways to 
avoid, minimize, or treat any adverse effects on historic properties.  FEMA complies with 
NHPA and its implementing regulations in 36 CFR Part 800, either by executing Statewide 
programmatic agreements or by following standard regulatory procedures, commonly referred 
to as the Section 106 Process. 
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Chapter 1 – Public Assistance Debris Removal Eligibility 

Historic properties include districts, buildings, structures, objects, landscapes, archaeological 
sites, and traditional cultural properties that are included in, or eligible for inclusion in, the 
National Register of Historic Places. These properties are not just old buildings or well-known 
historic sites, but places important in local, State, or national history.  Facilities as diverse as 
bridges and water treatment plants may be considered historic.  The National Register of 
Historic Places is a list of recognized historic properties.  However, this list is not complete, and 
States may have additional properties with historic significance.  Through the use of 
programmatic agreements, FEMA has delegated the identification and evaluation tasks to State 
Historic Preservation Officers (SHPO) in many States. 

Coastal Zone Management Act 

The Coastal Zone Management Act (CZMA) encourages the management of coastal zone areas 
and provides grants to be used in maintaining coastal zone areas.  It requires that Federal 
agencies be consistent in enforcing the policies of State coastal zone management programs 
when conducting or supporting activities that affect a coastal zone.  It is intended to ensure that 
Federal activities are consistent with State programs for the protection and, where possible, 
enhancement of the nation's coastal zones. 

Fish and Wildlife Coordination Act 

The Fish and Wildlife Coordination Act authorizes the United States Fish and Wildlife Service 
to administer programs for the planning, development, maintenance, and coordination of State 
wildlife resource conservation and rehabilitation.  If a proposed project would destroy wildlife 
habitat or modify a natural stream or body of water, it requires an evaluation of that action’s 
impact on fish and wildlife. 

Wild and Scenic Rivers Act 

The Wild and Scenic Rivers Act (WSRA) was established by Congress to preserve selected rivers 
in its free-flowing condition in order to protect the water quality and fulfill other national 
conservation purposes. These rivers are considered protected, much like a national wildlife 
refuge. Federal agencies may not fund projects that would have a direct and adverse effect on 
the values for which a river was designated. If a proposed project is located on a river 
designated as wild and scenic, FEMA must review it for compliance with WSRA. 

Executive Orders 

In addition to the laws described above, several Executive Orders (EOs) issued by the President 
also affect Public Assistance Program projects.  The EOs that most frequently affect the Public 
Assistance Program are the following: 

EO 11988 requires Federal agencies to undertake certain responsibilities for floodplain 
management.  FEMA’s procedures for complying with this EO are outlined in 44 CFR Part 9. 
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Chapter 1 – Public Assistance Debris Removal Eligibility 

EO 11990 outlines the protection of wetlands and requires a planning process that considers 
alternatives and evaluates impacts to wetlands.  The process for complying with this EO is 
similar to that for complying with EO 11988 and is outlined in 44 CFR Part 9. 

EO 12898 requires Federal agencies to evaluate actions for disproportionately high and 
adverse effects on minority or low-income populations and to find ways to avoid or 
minimize these impacts where possible.  Field personnel should identify any neighborhoods 
or communities with minority or low-income populations. 

Duplication of Benefits 

In accordance with Section 312 of the Stafford Act, no applicant will receive assistance for any 
loss for which financial assistance has been received under any other program or from 
insurance or from any other source.  Therefore, the use of Federal or State funds, insurance 
settlements, and other grants or cash donations granted for the same purpose constitutes a 
duplication of benefits. 

Other Federal Agencies 

If another Federal agency has the authority to provide an applicant with assistance for debris 
removal operations, FEMA cannot provide funds for that project.  Applicants should pursue 
funding assistance offered through those agencies.   

The Federal Highway Administration (FHWA), United States Army Corps of Engineers 
(USACE), National Resources Conservation Service (NRCS), Environmental Protection Agency 
(EPA), Department of Housing and Urban Development (HUD), and United States Coast Guard 
(USCG) may provide assistance to applicants for certain debris removal activities.  Applicants 
must become aware of the agencies’ roles, responsibilities, and jurisdictions to ensure a 
duplication of benefits does not occur between other Federal agencies and FEMA.  Descriptions 
of other Federal agencies and their programs are found in Appendix G, FEMA RP9580.202, Fact 
Sheet: Debris Removal - Authorities of Federal Agencies. 

Insurance Settlements 

Insurance policies that include coverage for debris removal activities are potentially a 
duplication of benefits. The applicant should contact its insurance provider for a statement of 
loss to determine the amount of insurance settlement related to debris removal.  The insurance 
settlement is reflected in the Public Assistance grant as a line-item credit against the eligible cost 
for the project. 

Similarly, applicants should be aware that some residents within a declared disaster area may 
obtain funds for removing debris from their property through their homeowner insurance or 
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Chapter 1 – Public Assistance Debris Removal Eligibility 

under the FEMA Individual Assistance (IA) Program.  Should residents receive funds under the 
IA Program or insurance proceeds for the removal and disposal of debris from their properties, 
but also place debris at the curbside rights-of-way, the applicant should make a concerted effort 
to collect the proportionate cost of the curbside removal from those residents in an effort to 
comply with Section 312 of the Stafford Act. 

While FEMA understands that this could become an arduous task, applicants can put in place 
protocols to inform residents that receiving a benefit for the same purpose from the Federal 
government or any other source is in violation of Federal law.  

When applicants receive reimbursements from residents for the cost of curbside collection, 
applicants are required to report the total amount of proceeds collected from those residents to 
FEMA. The Federal share of the Public Assistance grant is calculated after the reimbursement 
proceeds are reduced from the total cost of the curbside collection.   

Salvage Value 

Applicants may choose to recover materials from disaster debris for beneficial uses.  Applicants 
may sell materials such as metals, woody debris, concrete, masonry, or other types of debris to 
recyclers, to the construction or agricultural industry, or to energy generators.  The salvage 
value for various recyclable or reusable debris materials depends on the regional recycling 
markets. 

Applicants that sell disaster debris for a salvage value must offset the cost of the eligible debris 
removal work by the revenues received from the sale of the debris.  Applicants must document 
and report to FEMA the revenues obtained through the sale of debris materials.  Public 
Assistance grant funding is limited to the Federal share of the difference between the amount of 
revenue received and the cost of the debris removal. 

Applicants that contract for debris removal may allow the contractor to take possession of the 
recoverable debris materials.  This type of agreement must take into account the salvage value, 
and the applicant should negotiate a credit to reflect this value within the terms of the contract.  
The sale of the recoverable disaster debris materials should offset the cost of the contracted 
services. 
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Applicant Resources 

Eligible work accomplished with an applicant’s own labor, equipment, and materials may be 
funded under the Public Assistance Program.  An applicant’s employees’ labor and an 
applicant’s equipment are called force account labor and force account equipment, respectively.  
It is important for the applicant’s staff to document hours worked and equipment used to 
complete the eligible work.  

Labor 

For debris removal work, overtime labor costs (including benefits) are eligible for permanent 
employees, reassigned employees, and seasonal employees used during the season of 
anticipated employment. The cost of straight-time labor costs (including benefits) of an 
applicant's permanently employed personnel are not eligible in calculating the cost of eligible 
emergency work, which includes debris removal.  Straight-time and overtime is determined in 
accordance with an applicant’s pre-disaster policies, which should be applied consistently in 
both disaster and non-disaster situations.   

Both straight-time and overtime labor costs are eligible for non-budgeted employees assigned 
specifically to perform emergency work.   

Please refer to Appendix G, FEMA RP9525.7, Labor Costs - Emergency Work for specific eligibility 
guidance regarding labor costs for permanent, temporary, essential, reassigned, and seasonal 
employees. 
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Chapter 2 – Costs 

Equipment 

Reimbursement for the use of force account equipment is limited to the time the equipment is 
actually in use. Standby and idle time are not eligible for Public Assistance grant funding. 

Force account equipment may be reimbursed at an hourly rate.  This hourly rate typically 
includes the operation, depreciation, maintenance, and fuel for that particular piece of 
equipment, but does not include operator labor cost.  FEMA publishes a FEMA Schedule of 
Equipment Rates, which is available online at fema.gov. 

FEMA may recognize State equipment rates.  Applicants that use rates established under State 
guidelines in their normal day-to-day operations may use State rates up to $75 per hour upon 
Public Assistance Program approval of the cost development methodology.  Rates over $75 per 
hour may be approved by FEMA on a case-by-case basis.  

FEMA may also recognize an applicant’s use of rates developed by a local government in their 
normal day-to-day operations. Reimbursement is based either on the local rates or the FEMA 
Schedule of Equipment Rates, whichever is less. If the local rate is lower and the applicant 
certifies that the local rate does not reflect the actual cost, the FEMA Schedule of Equipment 
Rates may be used.  

Documentation 

Appendix C, FEMA Forms are frequently used to document work completed with force account 
labor and equipment. The FEMA summary record forms provide the minimum information 
required for Public Assistance grant reimbursement consideration.  These summary record 
forms are not required forms; the applicant may use its own forms or accounting summary, or 
alter the FEMA forms to fit its needs, as long as the minimum information required is provided. 

Applicants are required to maintain source documentation such as timesheets, work logs, and 
equipment use sheets, that show the work was disaster-related and support the hours claimed 
on the force account summary forms submitted for the project.  

Mutual Aid Agreements 

Applicants may have agreements with other jurisdictions and agencies for the provision of 
debris management services in the event of an emergency.  The employees of the entity 
providing supplemental assistance are considered as extra hires or contract labor; therefore, 
both straight-time and overtime are eligible.  FEMA will reimburse mutual aid costs provided 
that: 

• The assistance is requested by the receiving applicant; 
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Chapter 2 – Costs 

•	 The work performed is directly related to the disaster and is otherwise eligible for 
FEMA assistance; 

•	 The entity that received the aid incurred a cost for that aid, i.e. the providing jurisdiction 
or agency bills the receiving applicant for the service;   

•	 Provision of services under the agreement are not contingent upon declaration of a 
major disaster or emergency by FEMA; and 

•	 The requesting and providing entities can provide documentation of rates and payment 
for services. 

FEMA RP9523.6, Mutual Aid Agreements for Public Assistance and Fire Management Assistance 
contains additional information on mutual aid agreements and is available online at fema.gov. 

Contract Services 

An applicant may hire a contractor to perform such work as debris clearance, removal, disposal, 
reduction, recycling, and/or monitoring. Public Assistance grant funding is limited to the scope 
of work necessary to remove debris that is an immediate threat to life, public health and safety, 
or poses an immediate threat of significant damage to improved public or private property.  
Moreover, the costs must be reasonable for the respective scope of work in order to be eligible 
for Public Assistance grant reimbursement.  The procurement of the contract is subject to all 
provisions of 44 CFR Part 13.  The full text of 44 CFR Part 13 is available online through the 
United States Government Printing Office at gpoaccess.gov. 

Appendix G, FEMA RP9580.4, Fact Sheet: Debris Operations - Clarification: Emergency Contracting 
vs. Emergency Work should be reviewed by the applicant and taken into consideration when 
soliciting contractors. 

Contracts must be of reasonable cost, generally must be competitively bid, and comply with 
Federal, State, and local procurement standards.  FEMA will reimburse only fair and reasonable 
costs of any contract an applicant enters into.  An applicant must consider costs, conflicts of 
interest, and all Federal, State, and local laws and regulations when hiring a contractor. 

Compliance with local procurement practices and the procurement competition requirements 
specified in 44 CFR Part 13.36 are essential to successfully receiving Public Assistance grant 
funding. The Federal procurement regulations ensure that applicants procure contracts in a 
manner that provides full and open competition, and provide financial and record-keeping 
requirements. In addition, applicants should maintain a written code of standards for conduct 
governing the performance of employees, officers, or agents who select and award contracts.  

It is important that applicants secure contracts with reputable and qualified licensed 
contractors. Applicants should conduct reference checks on a contractor’s history of 
performance with the State’s contractor licensing board and with the contractor’s previous 
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Chapter 2 – Costs 

clients before awarding contracts.  Appendix G, FEMA RP9580.201, Fact Sheet: Debris Removal - 
Applicant’s Contracting Checklist is provided as guidance to assist Public Assistance applicants in 
the procurement process. 

Competition 

Pursuant to 44 CFR Part 13.36(c)(1), applicants may not restrict the bidding in order to 
disqualify a population of bidders.  Some of the situations considered to be restrictive of 
competition include, but are not limited to: 

•	 Placing unreasonable requirements on firms in order for them to qualify to do business 

•	 Requiring unnecessary experience and excessive bonding 

•	 Noncompetitive pricing practices between firms or between affiliated companies 

•	 Noncompetitive awards to consultants that are on retainer contracts 

•	 Organizational conflicts of interest 

•	 Specifying only a ‘‘brand name’’ product instead of allowing ‘‘an equal’’ product to be 
offered and describing the performance of other relevant requirements of the 
procurement 

•	 Any arbitrary action in the procurement process 

Applicants who have prequalified lists of persons, firms, or products must keep such lists 
current in order to ensure open and free competition during the bidding process, in accordance 
with 44 CFR Part 13.36(c)(4), which states: 

“Grantees and subgrantees will ensure that all prequalified lists of persons, firms, or products 
which are used in acquiring goods and services are current and include enough qualified sources 
to ensure maximum open and free competition.  Also, grantees and subgrantees will not preclude 
potential bidders from qualifying during the solicitation period.” 

Methods of Procurement 

An applicant may request that FEMA review its procurement process to determine whether the 
process meets the standards set forth in 44 CFR Part 13.36.   

FEMA finds the following four methods of procurement acceptable: 

Small purchase procedures procurement, an informal method for securing services or 
supplies that do not cost more than $100,000 by obtaining several price quotes from 
different sources. 
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Chapter 2 – Costs 

Sealed bids procurement, a formal method where bids are publicly advertised and 
solicited, and the contract is awarded to the responsible bidder whose proposal is the 
lowest in price. This method is the preferred method for procuring construction 
contracts. 

Competitive proposals procurement, a method similar to sealed bid procurement in 
which contracts are awarded on the basis of contractor qualifications instead of on price.  
This method is often used for procuring architectural or engineering professional 
services. In addition, this method normally involves more than one source submitting 
an offer and is used when conditions are not appropriate for sealed bids. 

Noncompetitive proposals procurement, a method whereby a proposal is received from 
only one source.  Noncompetitive proposals should only be used when the award of a 
contract is not feasible under small purchase procedures, sealed bids, or competitive 
proposals, and one of the following circumstances applies: 

• 	 The item is available only from a single source 

• 	 There is an emergency requirement that does not permit a delay 

• 	 Solicitation from a number of sources has been attempted, and competition is 
determined to be inadequate 

FEMA strongly discourages applicants from using a noncompetitive contract for debris 
removal operations.  A contract may be regarded as noncompetitive if the applicant has 
only one responsive bidder. In this case the applicant is required to comply with 44 CFR 
Part 13.36(f), which states in part: 

“…A cost analysis will be necessary when adequate price competition is lacking, and for 
sole source procurements, including contract modifications or change orders, unless price 
reasonableness can be established on the basis of a catalog or market price of a commercial 
product sold in substantial quantities to the general public or based on prices set by law 
or regulation.  A price analysis will be used in all other instances to determine the 
reasonableness of the proposed contract price.” 

Applicants are required by 44 CFR Part 13.36(f)(2) to negotiate profit as a separate element 
of the price for each contract in which there is no price competition and in all cases where 
cost analysis is performed.  Consideration shall be given to the complexity of the work 
performed, risk borne to the contractor, contractor’s investment, amount of subcontracting, 
quality of the contractor’s record of past performance, and industry profit rates in the 
surrounding geographical area for similar work. 
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Chapter 2 – Costs 

Types of Contracts 

FEMA provides reimbursement for four types of contracts: 

Lump sum contracts, for work within a prescribed boundary with a clearly defined scope 
and a total price 

Unit price contracts, for work done on an item-by-item basis with cost determined per unit 

Cost-plus-fixed-fee contracts, either lump sum or unit price contracts with a fixed 
contractor fee added into the price 

Time-and-materials contracts, where the contractor bills the applicant for labor, 
equipment, materials, and overhead.  These contracts should be avoided, but may be 
allowed for work that is necessary immediately after the disaster has occurred when a clear 
scope of work cannot be developed. Time-and-materials contracts are allowed in 
circumstances when they are more cost-effective and appropriate for the amount and type 
of eligible work to be performed.  The costs must be reasonable for the type of work 
required.  Applicants must engage in comprehensive active monitoring activities to ensure 
contractor efficiency. Typically, FEMA will reimburse for only 70 hours of a time-and-
materials contract. If a time-and-materials contract is awarded, the applicants must: 

• Monitor and document contractor expenses; 
• Have a cost ceiling or “not to exceed” provision in the contract; and 
• Contact the State to ensure proper guidelines are followed. 

After 70 hours of work, the applicant should have sufficient information on the scope of 
work necessary to complete debris collection and disposal, and on a basis for estimating a 
reasonable cost for the contract work, to effectively solicit a lump sum or a unit price 
contract. For some types of debris work where time-and-materials contracts may be the 
most cost-effective and the most well-suited to the type of work, applicants should work 
closely with the State and FEMA when awarding the time-and-materials contracts to 
ensure eligibility requirements are met.    

Other Considerations 

Contract Scope of Work Recommendations 

The contract scope of work should reference “eligible work,” “work eligible under FEMA Public 
Assistance regulations, policies, and guidance,” “work performed on public property and/or 
public rights-of-way,” or other similar elements. 
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Chapter 2 – Costs 

Piggyback Contracts 

FEMA does not favor “piggyback contracts.” Applicants have used piggyback contracts on 
occasion to have disaster-related work performed by another jurisdiction’s contractor.  The 
variables associated with the scope of work and costs generally make this an option to be 
avoided. The competitive procurement requirements of 44 CFR Part 13 are also a prime 
concern. If FEMA encounters a request for reimbursement of costs derived from such a 
contract, the reimbursable costs for eligible work will be based on reasonableness.   

Prohibited Contracts 

In accordance with 44 CFR Part 13.36(f)(4), cost plus percentage of cost contracts shall not be 
used. Use of such contracts may result in FEMA limiting the Public Assistance grant to an 
amount determined to be reasonable based on the eligible work performed.   

Contracts that are awarded by an applicant to debarred contractors are prohibited pursuant to 
44 CFR Part 13.35; thus, no Federal funding can be awarded for eligible work completed. 

Additional Contract Requirements 

Contract payment provisions should address the obligations between parties to the contract 
only and not include any language that makes payment to the contractor contingent upon the 
applicant’s receipt of funding from FEMA. 

All contracts in excess of $10,000 must contain a provision for termination for cause and for 
convenience by the applicant, including the manner by which it will be effected and the basis 
for settlement, according to 44 CFR Part 13.36(i)(2). 

For contracts over $100,000 the applicant must have the following minimum bonding 
requirements, in accordance with 44 CFR Part 13.36(h): 

• 	 A bid guarantee from each bidder equivalent to five percent of the bid price; 

• 	 A performance bond on the part of the contractor for 100 percent of the contract price; 
and 

• 	 A payment bond on the part of the contractor for 100 percent of the contract price. 

In accordance with 44 CFR Part 13.36(b)(8):  

“Grantees and subgrantees will make awards only to responsible contractors possessing the ability 
to perform successfully under the terms and conditions of a proposed procurement.  Consideration 
will be given to such matters as contractor integrity, compliance with public policy, record of past 
performance, and financial and technical resources.”   
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Chapter 2 – Costs 

Documentation requirements are specified in 44 CFR Part 13.36(b)(9) and include, but are not 
limited to, rationale for the procurement method, contract type, contractor selection or rejection, 
and the basis for contract price. 

For additional contracting information, refer to Appendix G, FEMA RP9580.201, Fact Sheet: 
Debris Removal ‐ Applicant’s Contracting Checklist. 
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Chapter 3 – Debris Removal from Public Property   


Chapter Highlights 
Eligible Debris Removal 
Ineligible Debris Removal 
Debris Clearance and Removal Operations 
Field Eligibility Determinations 
−	 Vegetative Debris Eligibility 
−	 Construction and Demolition Debris 
−	 Hazardous Waste 
−	 White Goods 
−	 Soil, Mud, and Sand 
−	 Vehicles and Vessels 
−	 Putrescent Debris 
−	 Infectious Waste 
−	 Chemical, Biological, Radiological, and Nuclear-Contaminated 

Debris 
−	 Garbage 
Monitoring Debris Removal Operations 
Disposal 

This chapter discusses debris operations on public property and public rights-of-way.  
Applicants should document locations, conditions, and special circumstances of the debris prior 
to removal. This chapter includes preferred documentation information and requirements. 
Proper documentation enables an applicant to fully account for costs incurred in the event that 
Federal disaster assistance is made available.   

Eligible Debris Removal 

Eligible debris removal work under the Public Assistance Program must meet the following 
criteria: 

• 	 The debris was generated by the major disaster event; 

• 	 The debris is located within a designated disaster area on an eligible applicant’s 

improved property or rights-of-way; and  


• 	 The debris removal is the legal responsibility of the applicant. 
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Chapter 3 – Debris Removal from Public Property 

Ineligible Debris Removal 

The following are not eligible for FEMA assistance under the Public Assistance Program: 

•	 Any debris removal from an eligible applicant’s unimproved property or undeveloped 
land; 

•	 Any debris removal from a facility that is not eligible for funding under the Public 
Assistance Program, such as a PNP cemetery or PNP golf course; or  

•	 Any debris removal from Federal lands or facilities that are the authority of another 
Federal agency or department, such as Federal-aid roads, USACE navigable waterways, 
and NRCS canals. See Chapter 16, Other Federal Assistance, for a description of these 
authorities. 

Debris Clearance and Removal Operations 

Debris removal operations generally occur in two phases:  (1) initial debris clearance activities 
necessary to eliminate life and safety threats; and (2) debris removal activities as a means to 
recovery. Whether the work was performed using an applicant’s own resources or by 
contractors, documentation is necessary for Public Assistance grant consideration.   

An applicant’s initial response phase of the debris operation may begin during the disaster 
event. Crews may be activated to clear debris on emergency access roads; usually this is 
vegetative debris that is cut and tossed to the rights-of-way. The purpose is to eliminate an 
immediate threat to lives, and public health and safety.  The transition period from initial 
clearance activities to debris removal depends on the magnitude of disaster impact.  Typically, 
the debris removal recovery phase begins after the emergency access routes are cleared and 
police, firefighters, and other first responders have the necessary access. 

Often residents begin clearing disaster debris from their properties and placing it on the public 
rights-of-way. If the property owners move the disaster-related debris to a public right-of-way, 
an applicant may be reimbursed for debris pickup, haul and disposal from the right-of-way for 
a limited period of time. If an applicant does not have the legal responsibility to maintain a 
right-of-way, then debris removal from that right-of-way is not eligible for reimbursement.  

Field Eligibility Determinations 

To assist in implementation of the Public Assistance Program and the applicants’ understanding 
of it, FEMA has established specific eligibility guidance for debris.  This section addresses the 
most common eligibility issues for various types of debris and recommends documentation for 
Public Assistance grant consideration.  Consultation with the State and FEMA is advised for 
scenarios not addressed within this section. 
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Chapter 3 – Debris Removal from Public Property 

Only FEMA has the authority to make eligibility determinations for Public Assistance grant 
funding; contractors cannot make eligibility determinations.  Information on eligibility can be 
found in FEMA 321 – Public Assistance Policy Digest, FEMA 322 – Public Assistance Guide, 
FEMA 323 – Public Assistance Applicant Handbook, and this document. 

Vegetative Debris Eligibility 

Vegetative debris consists of whole trees, tree stumps, tree branches, tree trunks, and other leafy 
material. Depending on the size of the debris, the collection of vegetative debris may require 
the use of flat bed trucks, dump trucks, and grapple loaders.   

Figure 3.1 - Typical Vegetative Debris on a Public  

Right-of-Way 


Most vegetative debris consists of large 
piles of tree limbs and branches that are 
piled on the public rights-of-way by the 
residents. The collection of this type of 
debris is eligible for reimbursement if it 
is within public rights-of-way and 
collected by an eligible applicant.  
Applicants normally limit the number 
of times the debris is collected; for 
instance, the applicant may choose to 
make two passes throughout the 
jurisdiction before resuming its normal 
collection activities. The applicant 
should discuss with FEMA the number 
of passes that may be eligible.   

Vegetative debris is bulky and consumes a significant volume of landfill space if buried.  To 
minimize the use of landfill space, it is prudent to reduce the volume of vegetative debris before 
burying.  Vegetative debris may be reduced by as much as 75 percent of its volume by mulching 
or grinding and as much as 90 percent of its volume through burning technologies.  Costs to 
reduce vegetative debris are eligible for Public Assistance grant funding if found to be 
reasonable. 

A hazardous tree or stump may be collected individually, while downed or fallen debris is 
collected from rights-of-way or at a designated collection center.  Tree and stump collection 
prices are typically based on the size of the tree or stump and charged by unit.  Other fallen or 
downed material is usually billed by weight (tons) or volume (cubic yards). 

Determining eligibility for hazardous trees and stumps is challenging.  FEMA has established 
criteria to assist in making these eligibility determinations, using objective information that can 
be collected in the field.  
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Chapter 3 – Debris Removal from Public Property 

Hazardous Trees 

Removing a hazardous tree may be eligible for Public Assistance grant funding.  A tree is 
considered hazardous if its condition was caused by the disaster; it is an immediate threat to 
lives, public health and safety, or improved property; it has a diameter breast height of six 
inches or greater; and one or more of the following criteria are met: 

• 	 It has more than 50 percent of the crown damaged or destroyed; 
• 	 It has a split trunk or broken branches that expose the heartwood; 
• 	 It has fallen or been uprooted within a public-use area; and/or 
• 	 It is leaning at an angle greater than 30 degrees. 

Trees determined to be hazardous and that have less than 50 percent of the root-ball exposed 
should be cut flush at the ground level.  Grinding of the resulting stump after the tree has been 
cut flush at the ground level is not eligible work.  The cut portion of the tree is included with 
regular vegetative debris.  The applicant should make an effort to cut the tree trunk as close to 
the ground as possible. 

The eligible scope of work for a hazardous tree may include removing the leaning portion and 
cutting the stump at ground level.  An example of an ineligible costing method for such work 
would be removing the tree and stump for two separate unit costs.   

The Public Assistance Program may reimburse straightening and bracing if they are less costly 
than removal and disposal.  Straightening and bracing are emergency protective measures if 
they eliminate an immediate threat to lives, public health and safety, or improved property.  If 
an applicant chooses to straighten and brace a tree in lieu of removal, the tree would not be 
eligible for removal if it dies.   

Hazardous Limb Removal (Hangers) 

Removing hanging limbs may be eligible for Public Assistance grant assistance.  Limbs must be: 

•	 Located on improved public property; 

•	 Greater than two inches in diameter at the point of breakage; and 

•	 Still hanging in a tree and threatening a public-use area, e.g. trails, sidewalks, golf cart 
paths. 

Only the minimum amount of work necessary to remove the hazard is eligible.  Pruning, 
maintenance trimming, and landscaping are not eligible.  Work should be executed in an 
efficient manner. For example, all hazardous limbs in a tree should be cut at the same time, not 
in passes for particular sizes.  Work to remove hanging limbs from a tree that has been 
determined to be a hazard and is scheduled for removal is not eligible.  If this work is 
contracted out, it is typically done on a per tree basis. 
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Chapter 3 – Debris Removal from Public Property 

An eligible scope of work may be to cut the branch at the closest main branch junction.  
Removing the entire branch back to the trunk may not be eligible. 

If the canopy of a tree located on private property extends over a public right-of-way such as a 
sidewalk, removal of hazardous limbs on the tree that extend over the public right-of-way and 
meet the above criteria may be eligible.  Limbs on the tree that do not extend over the public 
right-of-way are not eligible. 

Documentation required for Public Assistance grant consideration:  

•	 Describe the immediate threat, e.g. photos of hanging limbs or leaning trees; 

•	 Clearly define the scope of work to remove the immediate threat; 

•	 Specify the improved public property location by recording the nearest building address 
and/or GPS location; and 

•	 Denote date, labor (force account or contract), and equipment used to perform the work. 

Hazardous Tree Stumps 

A stump may be determined to be hazardous and eligible for Public Assistance grant funding as 
a per-unit cost for stump removal if it meets all of the following criteria: 

•	 It has 50 percent or more of the root-ball exposed (less than 50 percent of the root-ball 
exposed should be flush cut); 

•	 It is greater than 24 inches in diameter, as measured 24 inches above the ground; 

•	 It is on improved public property or a public right-of-way; and  

•	 It poses an immediate threat to life, and public health and safety.  

If an uprooted stump must be removed prior to FEMA’s approval, the applicant must submit 
the following information for Public Assistance grant consideration: 

•	 Photographs and GPS coordinates that establish the location on public property; 

•	 Specifics of the threat; 

•	 Diameter of the stump 24 inches from the ground; and 

•	 Quantity of material needed to fill the resultant hole. 

FEMA may reimburse a reasonable cost to remove, transport, dispose of, and fill the hole from a 
stump of more than 24 inches in diameter if: 

•	 The applicant and State agree the tree or stump is hazardous according to the above 
definition; 

•	 Generally, FEMA approved the removal in advance; and  
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Chapter 3 – Debris Removal from Public Property 

•	 A Hazardous Stump Worksheet is completed and submitted for FEMA approval.  A 
copy of the Hazardous Stump Worksheet may be found in Appendix G, FEMA 
DAP9523.11, Hazardous Stump Extraction and Removal Eligibility. 

In some instances, grinding of an uprooted stump and filling the resulting cavity may cost less 
than a complete extraction.  In these cases, the applicant should present the cost comparison 
documentation to FEMA for consideration; however, the stump must have already been 
determined eligible for removal according to the above criteria. 

Stumps measuring 24 inches in diameter or less do not require special equipment for removal; 
therefore, reimbursement will be based on the reasonable unit cost per cubic yard, using the 
Stump Conversion Table found in Appendix G, FEMA DAP9523.11, Hazardous Stump Extraction 
and Removal Eligibility. The unit price for stump removal includes the extraction, transport, and 
disposal of the stump as well as filling the cavity that remains. 

FEMA will reimburse the applicant at the unit cost rate (usually cubic yards) for normal debris 
removal for all stumps, regardless of size, placed on the public rights-of-way by others, i.e., 
contractors did not extract them from public property or property of eligible PNP organizations.  
In such instances, applicants do not incur additional costs to remove these stumps; the same 
equipment used to pick up vegetative debris can be used to pick up these stumps. 

See Appendix G, FEMA DAP9523.11, Hazardous Stump Extraction and Removal Eligibility for more 
information on hazardous stumps. 

Construction and Demolition Debris 

The definition of construction and demolition debris may vary between States.  Construction 
and demolition debris can be defined as damaged components of buildings and structures such 
as lumber and wood, gypsum wallboard, glass, metal, roofing material, tile, carpeting and floor 
coverings, window coverings, pipe, concrete, fully cured asphalt, equipment, furnishings, and 
fixtures. To be eligible, construction and demolition debris must be a result of a Federally 
declared disaster. 

Certain types of construction and demolition debris are reusable or recyclable.  To conserve 
landfill space, it is prudent to separate materials for reuse or recycling. 
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Chapter 3 – Debris Removal from Public Property 

Figure 3.2 - Construction and Demolition Debris 

Some construction and demolition debris 
may be hazardous, such as asbestos roofing 
and floor tile, and lead pipes.  Public 
Assistance grant eligibility is subject to all 
other Federal laws and regulations, 
including environmental and hazardous 
waste ordinances.  Documentation of the 
debris origin, any processing (reduction or 
recycling), and the final disposition is 
required for Public Assistance grant 
consideration. 

Typically, removal of construction by-products generated by repairs or rebuilding is covered by 
insurance policies or included in the overall cost for reconstruction projects; therefore, it is not 
eligible for Public Assistance grant funding as emergency work under debris removal.  It may, 
however, be reimbursed as part of the permanent work for the reconstruction of an eligible 
project. 

Hazardous Waste 

Hazardous waste is waste with properties that make it potentially harmful to human health or 
the environment. Hazardous waste is regulated under RCRA.  In regulatory terms, a RCRA 
hazardous waste is a waste that appears on one of the four hazardous waste lists or exhibits at 
least one of the following four characteristics: ignitability, corrosivity, reactivity, or toxicity. 

Public Assistance grant funding may be available for measures that address widespread 
hazardous materials contamination.  The measures may include retrieval and proper 
disposal of orphan drums, pumping water contaminated with hazardous materials, control 
or stabilization of oil or other hazardous material releases, and cleanup and disposal of 
hazardous materials.  Certified hazardous waste technicians should handle, capture, recycle, 
reuse, and dispose of hazardous waste.  The applicant must comply with Federal, State, and 
local environmental requirements for handling hazardous waste. 

Public Assistance  grant funding is not available to test for mold or contaminants in water, 
air, or soil for the purposes of long-term cleanup actions.  FEMA and EPA determine the 
specific activities that may be funded under the Public Assistance Program and those 
activities that are under the authority of EPA. 
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Chapter 3 – Debris Removal from Public Property 

Figure 3.3 - Hazardous Waste 

Household Hazardous Waste (HHW) refers to 
hazardous products and materials that are 
used and disposed of by residential, rather 
than commercial or industrial consumers.  
HHW includes some paints, stains, varnishes, 
solvents, pesticides, and other products or 
materials containing volatile chemicals that 
catch fire, react, or explode under certain 
circumstances, or that are corrosive or toxic. 

Electronic waste, or e-waste, refers to electronics that contain hazardous materials such as 
cathode ray tubes.  Examples include computer monitors and televisions. 

White Goods 

White goods are defined as discarded household appliances such as refrigerators, freezers, air 
conditioners, heat pumps, ovens, ranges, washing machines, clothes dryers, and water heaters.   

Many white goods contain ozone-depleting 
refrigerants, mercury, or compressor oils. 
The Clean Air Act prohibits the release of 
refrigerants into the atmosphere, and 
requires that certified technicians extract 
refrigerants from white goods before they 
are disposed of or recycled. Some States 
also require certified technicians to extract 
compressor oils before disposing of or 
recycling white goods.  Applicants should 
follow all Federal, State, and local 
requirements concerning ozone-depleting 
refrigerants, mercury, or oils.  
Documentation of proper disposal may be 
required for Public Assistance grant 
consideration. 

Soil, Mud, and Sand 

Floods, landslides, and storm surges often deposit soil, mud, and sand on improved public 
property and public rights-of-way. Facilities commonly impacted by this type of debris may 
include streets, sidewalks, storm and sanitary sewers, water treatment facilities, drainage canals 
and basins, parks, and swimming pools.   

Figure 3.4 - White Goods Stockpiled for 

Processing 
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Chapter 3 – Debris Removal from Public Property 

The removal of this type of debris from improved public property and public rights-of-way 
may be eligible for Public Assistance grant funding.  For instance, removing soil, mud, and sand 
from a roadway or sidewalk, or clearing out mud and sand from sewer lines, may be eligible for 
Public Assistance grant funding if it is the legal responsibility of an eligible applicant.  Natural 
streams and unimproved property are not considered eligible facilities. 

The amount of Public Assistance grant funding for removal of soil, mud, and sand is based on 
the quantity that was deposited due to the disaster.  In order to determine the disaster-related 
debris quantities, the applicant should provide regularly scheduled maintenance reports that 
indicate the pre-disaster soil, mud, and sand levels.  Maintenance reports are commonly 
requested for soil, mud, and sand removal from sewers, water treatment facilities, and drainage 
channels. 

The applicant is responsible for identifying the damage incurred due to the disaster.  Public 
Assistance grants do not provide funds for random surveys to look for damage, such as TV 
inspection of sewer lines. However, if disaster-related damage is evident, a Public Assistance 
grant may cover inspections to determine the extent of the damage and method of repair. 

Drainage channels and canals may be an element of a flood control work or water control 
facility. These types of facilities are often under the jurisdiction of the United States Army 
Corps of Engineers (USACE) or the Natural Resources Conservation Service (NRCS). If a flood 
control work or water control facility falls under another Federal jurisdiction, it is generally not 
eligible for Public Assistance grant funding.  For additional information regarding USACE and 
NRCS facility eligibility, refer to Appendix G, FEMA RP9524.3, Policy for Rehabilitation Assistance 
for Levees and Other Flood Control Works - Decision Tree. 

Vehicles and Vessels 

For the removal of vehicles and vessels to be eligible, the applicant must demonstrate that: 

•	 The vehicle or vessel presents a hazard or immediate threat that blocks ingress/egress in 
a public-use area; 

•	 The vehicle or vessel is abandoned, e.g. the vehicle or vessel is not on the owner’s 
property and ownership is undetermined; 

•	 The applicant followed local ordinances and State law by securing ownership; and  

•	 The applicant verified chain of custody, transport, and disposal of the vehicle or vessel. 

All supporting documentation relating to removal of abandoned vehicles and vessels must be 
submitted to FEMA for Public Assistance grant consideration.  For navigational vessels, 
applicants must follow their hazard abatement laws, coordinate with the requirements of the 
marine and harbor patrol agencies, and comply with local laws governing navigational vessels.   
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Chapter 3 – Debris Removal from Public Property 

It is important for the applicant to follow its normal written procedures regardless of the 
circumstances. Any duplication of benefits issues should be addressed. 

Putrescent Debris 

Putrescent debris is any debris that will decompose or rot, such as animal carcasses and other 
fleshy organic matter. The cost of putrescent debris collection and disposal may be eligible.  
Disposal of putrescent debris must be in compliance with applicable Federal, State, and local 
requirements to be eligible for Public Assistance grant funding.  NRCS has developed specific 
disposal guidelines for animal carcasses. 

Infectious Waste 

Infectious waste is waste capable of causing infections in humans, including contaminated 
animal waste, human blood and blood products, isolation waste, pathological waste, and 
discarded sharps (needles, scalpels, or broken medical instruments). 

Clearance, removal, and disposal of infectious waste may be the authority of another Federal 
agency. Upon review of applicable Federal statutes, regulations, and policies governing 
infectious waste, FEMA will determine eligibility on a case-by-case basis and may develop 
disaster-specific guidance when appropriate. 

Chemical, Biological, Radiological, and Nuclear-Contaminated Debris 

Chemical, Biological, Radiological, and Nuclear (CBRN)-contaminated debris is debris 
contaminated by chemical, biological, radiological, or nuclear materials as a result of a natural 
or man-made disaster, such as a Weapon of Mass Destruction (WMD) event.  Eligibility 
determinations on the clearance, removal, and disposal of CBRN-contaminated debris will be 
made by FEMA based on applicable Federal statutes, regulations, policies, and other guidance 
documents.  Depending on the nature of the disaster and the debris it generates, FEMA may 
develop additional or disaster-specific eligibility guidance. 

Garbage 

Garbage is waste that is regularly picked up by an applicant.  Common examples of garbage are 
food, packaging, plastics, and papers.  In general, household food wastes can be collected 
through normal municipal waste collection methods and are not eligible. 

Monitoring Debris Removal Operations 

Eligible applicants are required to monitor debris removal operations in order to document 
eligible quantities and reasonable expenses to ensure that the work is eligible for Public 
Assistance grant funding.  Failure to do so properly may jeopardize funding. 
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Chapter 3 – Debris Removal from Public Property 

In Federally declared disasters, FEMA personnel periodically validate the applicant’s 
monitoring efforts to ensure eligible debris is being removed and processed efficiently.  Debris 
monitoring is primarily the responsibility of the applicant.  Applicants may use force account 
resources, temporary hires, and/or contractors to accomplish the monitoring. 

Reasonable costs for applicant debris monitors with appropriate qualifications may be eligible.  
It is not necessary to have professional engineers and other certified professionals perform 
debris monitoring duties.  In addition to the costs for the monitors, the applicant may claim as 
part of its monitoring activities reasonable costs for the provision of training, oversight, and 
data compilation to verify debris removal costs as required by the monitoring operation.   

Overhead costs for architectural and engineering service are not eligible.  Costs associated with 
attending meetings with FEMA or the State and costs associated with the administration of 
project worksheets are funded through the administrative allowance as stated in 44 CFR Part 
206.228 and cannot be a direct charge to a Public Assistance grant. 

Additional guidance on monitoring debris removal operations is located in Appendix G, FEMA 
DAP9580.203, Fact Sheet: Debris Monitoring. 

Disposal 

Landfill tipping fees usually include fixed and variable costs along with some special taxes or 
fees assessed by the jurisdiction. Examples of variable costs include costs for labor, supplies, 
maintenance, utilities, and gas or recovery systems.  Fixed costs generally include equipment, 
construction, permits, landfill closure, post closure, and amortized costs for ancillary landfill 
building structures. 

Eligible landfill costs are limited to the variable and fixed costs that are directly related to 
landfill operations.  Jurisdictions may incorporate special taxes or fees into the landfill tipping 
fee to fund government services or public infrastructure.  When tipping fees include such costs, 
those costs are not eligible for Public Assistance grant funding.  
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Chapter 4 – Private Property Debris Removal and Demolition 
of Private Structures 

Chapter Highlights 
Private Property Debris Removal  
− Approval for FEMA Assistance  
− Documentation for PPDR 
− Types of Eligible PPDR Work 
Demolition of Private Structures  
− Eligible Demolition Costs 
− Documentation for Demolition  
Commercial Property 
Duplication of Benefits for PPDR and Demolition 

The FEMA policies on debris removal from private property and demolition of private structures can be 
found in Appendix G. 

Private Property Debris Removal 

Private property debris removal (PPDR) is generally not eligible for reimbursement under the 
Public Assistance Program because debris on private property does not typically present an 
immediate health and safety threat to the general public.  Also, debris removal from private 
property is generally the responsibility of individual private property owners, and other 
sources of funding, such as insurance, are commonly available to property owners to cover the 
cost of work. However, if private property owners move disaster-generated debris to the public 
right-of-way, the costs associated with removing this debris from the right-of-way may be 
eligible under the Public Assistance Program. 

When large-scale disaster events cause mass destruction and generate large quantities of debris 
over vast areas, debris on private property may sometimes pose health and safety threats to the 
public-at-large. If private property owners are not available because they have evacuated, the 
State or local government may need to enter private property to remove debris considered to be 
an immediate threat to the lives, health, and safety of its residents.  In such situations, the 
Federal Coordinating Officer (FCO) is authorized to approve the provision of Public Assistance 
for the removal of debris from private property when it is considered to be in the public 
interest. The section below describes the process through which applicants may obtain 
approval for Public Assistance funding for the costs of performing PPDR. 
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Chapter 4 – Private Property Debris Removal and Demolition of Private Structures 

Approval for FEMA Assistance 

FEMA will work with States affected by large-scale disasters to designate those areas where the 
debris is so widespread that removal of debris from private property is in the public interest on 
a case-by-case basis. Any applicant that intends to seek reimbursement to remove debris from 
private property within those designated areas will, prior to commencement of work, submit a 
written request to the FCO seeking approval for reimbursement.  The applicant must provide 
documentation confirming that an immediate threat to the public exists as well as evidence of 
its legal responsibility to enter private property to eliminate the threat posed by the debris.  
Specifically, this includes: 

Immediate Threat Determination  

The applicant must provide documentation from the applicant’s public health authority or 
other public entity with legal authority stating that disaster-generated debris on private 
property in the designated area constitutes an immediate threat to life, public health, and safety. 

The applicant may also provide documentation stating that the debris poses an immediate 
threat to improved property and that its removal is cost effective.  The cost to remove the debris 
should be less than the cost of the potential damage to the improved property in order for the 
debris removal to be eligible.   

Documentation of Legal Responsibility 

The applicant must demonstrate its authority and legal responsibility to enter private property 
to remove debris. The legal basis for this responsibility must be established by law, ordinance, 
or code at the time of the disaster and must be relevant to the post-disaster condition 
representing an immediate threat to life, public health, and safety, and not merely define the 
applicant’s uniform level of services. Typically, solid waste disposal ordinances are considered 
part of an applicant’s uniform level of services. 

Applicants ordinarily rely on condemnation and/or nuisance abatement authorities to obtain 
legal responsibility prior to the commencement of debris removal work.  There may be 
circumstances where the applicant determines that ordinary condemnation and/or nuisance 
abatement procedures are too time consuming to address an immediate public health and safety 
threat. Applicants do not have to precisely follow their nuisance abatement procedures, or 
other ordinances, that would prevent the applicant from taking emergency protective measures 
to protect public health and safety.  

In addition to providing documentation detailing an applicant’s immediate threat 
determination and legal responsibility to remove debris from private property, the applicant 
must confirm that a legally authorized official has ordered the exercise of public authority to 
enter private property to perform PPDR. The applicant must also submit in its request 
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Chapter 4 – Private Property Debris Removal and Demolition of Private Structures 

indemnification to the Federal government and its employees, agents, and contractors from any 
claims arising from the removal of debris from private property.  

The FCO will approve or disapprove in writing each applicant’s request for Public Assistance to 
perform PPDR. If approval is granted, applicants should immediately begin identifying 
properties for PPDR work and establishing specific scopes of work on each of these properties. 

Additional information on the applicant approval process for PPDR may be found in Appendix 
G, FEMA DAP9523.13, Debris Removal from Private Property. 

Documentation for PPDR 

If PPDR is authorized and considered for Public Assistance grant funding, applicants are 
required to properly document all legal processes used to gain access to private property, as 
well as document applicable scopes of work, and compliance with Federal, State, and local 
environmental and historic preservation review requirements.  Applicants should work with 
the Public Assistance staff prior to the commencement of any PPDR work to ensure that all 
legal, environmental, historic, and scope of work considerations are addressed. 

The following documents are necessary for Public Assistance funding for PPDR work:   

1.	 Right-of-Entry.  A right-of-entry signed by the property owner should include a hold 
harmless agreement and indemnification applicable to the project’s scope-of-work.  
FEMA’s Office of Chief Counsel (OCC) should review the right-of-entry form and the 
language of the hold harmless agreement and indemnification.  The right-of-entry form 
may also include space for the private property owner’s insurance information (policy 
number) for verification purposes, if applicable.    

2.	 Photos are strongly encouraged to show the condition of the property prior to the 
beginning of the work. Generally, pictures are used to confirm the address and 
identified scope-of-work on the property. 

3.	 A PPDR Assessment is a property-specific assessment which establishes the scope of 
eligible work.  This may be a map which serves as a guide indicating the location of the 
eligible items of work that present an immediate threat relative to improved property or 
ingress and egress routes.  These maps may incorporate symbols and a legend to 
identify structures, property lines, and eligible items of work.  This assessment may also 
be a work order or may be covered in the right-of-entry form, as long as the scope of 
work can be clearly identified. 
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Chapter 4 – Private Property Debris Removal and Demolition of Private Structures 

4.	 Documentation of Environmental and Historic Review. Debris removal work from 
private property must satisfy compliance review requirements as established by 44 CFR 
Parts 9 and 10 and all other applicable Federal environmental and historic preservation 
requirements. 

Additional documentation may be required by Public Assistance staff on a case-by-case basis to 
demonstrate eligible work performed and compliance with applicable Federal, State, and local 
laws and regulations. 

Types of Eligible PPDR Work 

Eligible debris removal work from private property includes removal of: 

•	 Large piles of disaster-generated debris in the living, recreational, and working 

areas of properties in urban, suburban, and rural areas, including large lots.   


•	 Disaster-generated debris obstructing primary ingress and egress routes to 

improved property. 


•	 Disaster-damaged limbs and leaning trees in danger of falling on improved 

property, primary ingress or egress routes, or public rights-of-way. 


o	 Hazardous tree removal is eligible only if the tree is greater than six inches in 
diameter (measured at diameter breast height) and: 

� has more than 50% of the crown damaged or destroyed, or;  

� has split trunk or broken branches that expose heartwood, or; the 
tree itself is leaning at an angle greater than 30 degrees and shows 
evidence of ground disturbance. 

o	 Hazardous limb removal is eligible only if the limb is greater than two inches 
in diameter measured at the point of break. 

•	 Debris created by the removal of damaged interior and exterior materials from 

improved property. 


•	 Household hazardous wastes (such as household cleaning supplies, insecticides, 

herbicides, etc.) 


•	 Disaster-generated debris on private roads and streets of a gated community, 

provided that the removal of the debris has become the legal responsibility of an 

eligible applicant. 
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Ineligible debris removal work on private property includes the removal of: 

•	 Debris from vacant lots, forests, heavily wooded areas, unimproved property, 

and unused areas.   


•	 Debris on agricultural lands used for crops or livestock. 

•	 Concrete slabs or foundations-on-grade. 

•	 Reconstruction debris consisting of materials used in the reconstruction of 

disaster-damaged improved property. 


Demolition of Private Structures 

State and local governments may need to enter private property to demolish private structures 
made unsafe by disasters to eliminate immediate threats to life, public health, and safety.  In 
some cases, the costs of performing demolition of private structures may be eligible for Public 
Assistance grant funding.  Typically, the demolition of private structures to eliminate 
immediate threats is authorized under Section 403(a)(3)(E) of the Stafford Act.   

FEMA will consider alternative measures to eliminate threats to life, public health, and safety 
posed by disaster-damaged unsafe structures, including fencing off unsafe structures and 
restricting access, when evaluating requests for Public Assistance grant funding for demolition 
work. The Public Assistance staff must also concur that the demolition of unsafe structures and 
removal of demolition debris are in the public interest.  

The demolition of unsafe privately owned structures and subsequent removal of demolition 
debris may be eligible when the following conditions are met: 

•	 The structures were damaged and made unsafe by the declared disaster, and are located 
in the area of the disaster declaration;  

•	 The applicant certifies that the structures are determined to be unsafe and pose an 
immediate threat to the public.  An unsafe structure is a non-commercial or non-
industrial structure that threatens the life, health or safety of the public because the 
structure is so damaged or structurally unsafe that partial or complete collapse is 
imminent. This certification may be made by the State or local government’s building 
inspector and may be based on a structural assessment in accordance with local 
ordinances and building codes;   

•	 The applicant has demonstrated that it has legal responsibility to perform the 
demolition. Similar to private property debris removal, the applicant must demonstrate 
its authority and legal responsibility to enter private property to perform demolition of 
unsafe structures. The legal basis for this responsibility must be established by law, 
ordinance, or code at the time of the disaster and must be relevant to the post-disaster 
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Chapter 4 – Private Property Debris Removal and Demolition of Private Structures 

condition representing an immediate threat to life, public health, and safety, and not 
merely define the applicant’s uniform level of services;   

•	 A legally authorized official has ordered the demolition of unsafe structures and 

removal of demolition debris; 


•	 The applicant has indemnified the Federal government and its employees, agents, and 
contractors from any claims arising from the demolition work; and 

•	 The demolition work is completed within the completion deadlines outlined in 44 CFR 
§206.204 for emergency work. 

Additional information on the general eligibility of demolition of private structures may be 
found in Appendix G, FEMA DAP9523.4, Demolition of Private Structures. 

Eligible Demolition Costs 

Eligible costs associated with the demolition of private structures may include, but are not 
limited to: 

•	 capping wells; 

•	 pumping and capping septic tanks; 

•	 filling in basements and swimming pools;   

•	 testing and removing hazardous materials from unsafe structures including asbestos 
and household hazardous wastes; 

•	 securing utilities (electric, phone, water, sewer, etc.);  

•	 securing permits, licenses, and title searches.  Fees for permits, licenses, and titles issued 
directly by the applicant are not eligible unless it can be demonstrated that the fees are 
above and beyond administrative costs; and/or  

•	 demolition of disaster-damaged outbuildings such as garages, sheds, and workshops 
determined to be unsafe. 

Ineligible costs associated with the demolition of private structures include: 

•	 removal of slabs or foundations, except in very unusual circumstances, such as when 
disaster-related erosion under slabs on a hillside causes an immediate public health and 
safety threat; and/or 

•	 removal of pads and driveways.  

Structures condemned as safety hazards before the disaster are not eligible for demolition and 
subsequent demolition debris removal under Public Assistance grant authority.  
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Individuals and private organizations (except for eligible PNPs) will not be reimbursed for 
demolition activities on their own properties under the Public Assistance Program. 

Documentation for Demolition 

In order to receive reimbursement of eligible demolition costs, applicants should provide 
documentation of applicable legal processes and scopes of work performed, similar to the 
private property debris removal process described above.  Specifically, this includes: 

•	 Rights-of-entries; 

•	 Photos of the structures; 

•	 Structural assessments, or other certifications that the structures are determined to be 
unsafe or pose an immediate threat to the public, based on local ordinances or building 
codes; 

•	 Notices of demolition; and 

•	 Documentation of environmental and historic review.  

All documentation should be consistent with the requirements of applicable Federal, State, and 
local laws and regulations governing demolition of private structures.  Similar to PPDR work, 
additional documentation may be required by Public Assistance staff on a case-by-case basis to 
demonstrate eligible work performed and compliance with applicable Federal, State, and local 
laws and regulations. 

Commercial Property 

The removal of debris from commercial property and the demolition of commercial structures 
are generally not eligible for Public Assistance grant funding.  It is assumed and expected that 
these commercial enterprises retain insurance that can and will cover the cost of debris removal 
and/or demolition. However, in some cases as determined by the FCO, the removal of debris 
from private commercial property and/or the demolition of private commercial structures by a 
State or local government may be eligible for FEMA reimbursement only when such removal is 
in the public interest. 

Industrial parks, private golf courses, commercial cemeteries, apartments, condominiums, and 
mobile homes in commercial trailer parks are generally considered commercial property. 

Duplication of Benefits for PPDR and Demolition 

FEMA is prohibited from approving funds for work that is covered by any other source of 
funding. Therefore, State and local governments must take reasonable steps to prevent such an 
occurrence, and verify that insurance coverage or any other source of funding does not exist for 
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PPDR work and the demolition of private structures.  Typically, the rights-of-entries used for 
PPDR and demolition of private structure have a clause that states that a private property 
owner will re-pay an applicant the amount of insurance proceeds received for any PPDR or 
demolition work performed.  The right-of-entry form being used by the applicant may also 
include space for the private property owner to list insurance information (policy number) for 
verification purposes. 

When PPDR and demolition of private structures is covered by an insurance policy, the 
insurance proceeds must be used as the first source of funding.  Public Assistance grant funding 
may be eligible for the remainder of the cost of the eligible work after insurance proceeds are 
recouped from the property owner.  If it is discovered that a duplication of benefits has 
occurred, FEMA will de-obligate funds from the Grantee in the amount that such assistance 
duplicates funding the property owners received from other sources. 
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Part II – Debris Management Planning Concepts 

Introduction 

Applicants are encouraged to review their community’s vulnerability to a disaster and to 
consider their response and recovery activities, specifically in handling debris issues.   

Debris removal operations can be time-consuming and costly.  Over the last five years, debris 
removal operations accounted for approximately 27 percent of the disaster recovery costs.  
FEMA urges applicants to develop a debris management plan that considers large-scale debris 
removal and disposal operations. By developing a debris management plan, communities will 
be better prepared to address disaster-related debris in a time-efficient manner, expediting the 
recovery process. Additionally, a sound and properly executed debris management plan may 
better position an applicant for Public Assistance grant assistance.   

Part II, Debris Management Planning Concepts, provides applicants with guidance in planning, 
organizing, mobilizing, and controlling a debris removal and disposal operation.  Chapter 5, 
Applicant Roles and Responsibilities, outlines the staff who will develop a debris management 
plan. The remaining chapters of Part II describe the major elements of a debris management 
plan, the considerations applicants need to address, and information that may be required for 
Public Assistance grant assistance consideration.   

Helpful tools within these chapters include the “Questions to Consider” and “To Do Checklist” 
at the end of the chapters.  The “Questions to Consider” are intended to assist the planning 
team in applying the information within each chapter to the specific needs of their jurisdiction.  
The “To Do Checklist” is provided as a reminder of important issues and considerations to 
include within the debris management plan. 

It is important to note that all or portions of Part II may be used depending on the size of the 
debris removal operation.  The “Questions to Consider” at the end of each chapter may be used 
to help determine if a specific debris planning element is applicable for the specific jurisdiction. 
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Chapter Highlights 
Debris Management Staff Organization and Structure 
Debris Management Staff Responsibilities 
− Debris Project Manager 
− Debris Management Planning Sections 
Questions to Consider 
To Do Checklist 

The success of a debris management plan is dependent upon the commitment of an applicant to 
researching, planning, implementing, and evaluating the plan effectively and efficiently.  
Proper planning by management and employee training provides an applicant with a 
foundation for a quick and successful recovery. 

The following text discusses the personnel that are necessary to plan and develop the debris 
management plan.  A sample outline for a debris management plan is supplied for use and 
reference in Appendix A, Debris Management Plan Outline. During a disaster event, the same 
staff members would be expected to implement the plan.  The organization of departments and 
management staff may vary between applicants, but roles and tasks do not change. 

Debris Management Staff Organization and Structure 

The size and composition of a staff organized to manage debris clearance, removal, and 
disposal issues depends on the magnitude of the disaster and the size of the jurisdiction.  A pre-
disaster debris planning staff may be quite small; however, following a major disaster, 
additional staff members may be required.   

Successful debris operations require collaborative efforts between departments within the 
applicant and with specific external agencies that have regulatory authority over debris 
operations. It is essential that prospective staff members have as much training as possible and 
interface with other agencies responsible for debris clearance, removal, and disposal activities, 
such as the National Guard, the State department of transportation, the State police, and the 
State emergency management office, prior to any event.   

To implement debris operations quickly, it is important for emergency response and recovery 
personnel to have a clear understanding of how their normal job responsibilities and functions 
apply to debris operations. The applicant’s debris planning staff should be comprised of full-
time personnel supplemented with personnel from other staffs and agencies.  The planning 
process should include a review of individual departmental functions and responsibilities for 
implementing debris operations. 
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Chapter 5 – Applicant Roles and Responsibilities 

Immediately following a disaster event, the planning process should establish a disaster debris 
management team, which convenes as a working group to facilitate successful coordination 
following a disaster event.  Team members should consist of personnel from departments 
within the applicant and representatives from external agencies, such as regional waste 
management, joint power authorities, sanitation districts, State and Federal environmental 
offices, and other agencies which have shared responsibilities for solid waste issues.  Each 
member of the team is responsible for implementing debris operations in accordance with the 
planned goals and objectives, and in compliance with Federal, State, and local laws. 

Debris Management Staff Responsibilities 

No two jurisdictions have the same department or section designations; therefore, this 
document refers to each department or section according to its function rather than a specific 
department designation.  The following discussion gives the function of each department and a 
brief description of the tasks each performs in developing the debris management plan  

Each department is responsible for specific elements of the debris management plan.  Those 
general duties are explained in the remainder of this chapter.  Department responsibilities often 
overlap, making coordination and communication critical to the success of the debris 
management plan.  In many instances, a particular department is involved in numerous 
elements of the debris management plan.   

These overlapping responsibilities illustrate the need for one primary coordinator or Debris 
Project Manager. The Debris Project Manager’s role and responsibilities are paramount in 
coordinating efforts and ensuring communication between planning and implementation 
sections. 

Debris Project Manager 

The primary decision maker is the Debris Project Manager.  The Debris Project Manager should 
be knowledgeable of the applicant’s processes, procedures, personnel, resources, and 
limitations. It is important for the Debris Project Manager to keep communication and 
coordination efforts between departments a priority.   

The Debris Project Manager has overall responsibility for the operations, planning, logistics, 
and cost of the debris management operations. The Debris Project Manager assigns tasks to 
team members and tracks the completion of tasks to ensure quick implementation of the debris 
removal operations. 
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Debris Management Planning Sections 

Administration 

The Administration department typically includes the finance, personnel, and public 
information sections within a governing body. It is important for this department to establish a 
records management system in order to collect and keep all the documentation that may be 
required for the Public Assistance grants.  Documentation may include, but is not limited to: 

•	 Personnel policies. 

•	 Labor and equipment timesheets and summaries. 

•	 Safety procedures. 

•	 Contract procurement procedures. 

•	 Contracts. 

•	 Billing and invoices, including debris hauler load tickets. 

•	 Environmental permits. 

•	 Right of entry and hold harmless agreements for private property debris removal and 
demolition, when applicable. 

•	 Public information announcements. 

•	 Debris salvage value information. 

The finance section is usually responsible for developing an emergency response and recovery 
budget, tracking expenses, and ensuring funds are available for personnel, equipment, supplies, 
and contract service costs.   

The Administration department should include a public information officer to distribute 
information and educate citizens about the debris operations.  Planning components of the 
public information strategy should include the use of various types of information vehicles 
(print, radio, internet, etc.) and the pre-scripted information that will be distributed concerning 
topics such as: 

•	 Debris pick-up schedules. 

•	 Disposal methods and ongoing actions to comply with Federal, State, and local 

environmental regulations. 


•	 Disposal procedures for self-help and independent contractors. 

•	 Restrictions and penalties for creating illegal dumps. 
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•	 Curbside debris segregation instructions. 

•	 Public drop-off locations for all debris types. 

•	 Process for answering the public’s questions concerning debris removal. 

Chapter 14, Public Information Strategy further discusses the types of information and how it 
may be distributed. 

Contracting and Procurement  

The primary role of the Contracting and Procurement department is to have debris contracts in 
draft form ready for advertisement or have pre-qualified contractors in place prior to the event. 
This portion of the plan needs to be updated as the jurisdiction’s procurement procedures and 
contracts may expire and change over time.  Contracting and Procurement planning includes 
the following tasks: 

•	 Develop contract requirements. 

•	 Establish contractor qualifications. 

•	 Distribute instructions to bidders. 

•	 Advertise bids. 

•	 Establish a pre-disaster list of pre-qualified contractors. 

•	 Manage the contract scope of work. 

•	 Establish a post-disaster contracting procedure if necessary. 

Legal 

The applicant’s Legal staff leads the review process for all legal matters in the debris 
management planning process.  In addition to advising the debris management planning staff, 
the following tasks should also be performed by the legal department: 

•	 Review all contracts. 

•	 Review and/or establish a land acquisition process for temporary debris management 
sites. 

•	 Review all insurance policies. 

•	 Ensure environmental and historic preservation compliance before, during, and after 
operations. 

•	 Ensure that site restoration and closure requirements are fulfilled. 

•	 Review and/or establish a building condemnation processes. 
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Chapter 5 – Applicant Roles and Responsibilities 

•	 Review and/or establish a legal process for private property demolition and debris 
removal. 

•	 Review right-of-entry and hold harmless agreements. 

Operations 

The Operations staff is responsible for the supervision of government and contract resources 
and overall project implementation.  The Operations department is responsible for 
implementing the entire debris removal operation.  Planning tasks include: 

•	 Position equipment and resources for the response and recovery debris removal 

operations. 


•	 Develop staff schedules and strategies. 

•	 Provide communication, facilities, services, equipment, and materials to support the 
response and recovery activities. 

•	 Monitor and direct force account and contract labor. 

•	 Distribute response and recovery resources. 

•	 Operate and manage the collection, debris management site, and disposal strategies. 

•	 Create a demolition strategy for structures, if necessary. 
•	 Report progress for distribution to the debris management planning staff. 

Engineering/Planning 

The Engineering staff supports all other debris management sections in a technical role.  The 
Engineering department provides debris quantity assumptions, economic analysis, and feasible 
solutions for the debris operations.  The following are tasks that may be completed by the 
Engineering staff: 

•	 Forecast debris volume based on assumed disaster type. 

•	 Develop an estimating strategy for post-disaster debris quantities. 

•	 Strategize and map debris haul routes. 

•	 Select debris management sites and design the site layout. 

•	 Determine reduction and recycling means and methods. 

•	 Identify and coordinate environmental issues. 

•	 Assess available landfill space and determine if additional space is needed. 

•	 Develop the debris collection strategy. 

•	 Write contract scopes of work, conditions, and specifications. 
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•	 Coordinate with other local and State jurisdictions for road clearance and operations. 

•	 Establish a process for building damage assessment and condemnation (including public 
and private properties). 

•	 Issue permits. 

  Questions to Consider 

1.	 What departments within your agency are responsible for: 

•	 Debris removal? 
•	 Solid waste removal? 
•	 Demolition? 
•	 Public information? 
•	 Contract services? 

2.	 What departments within your agency should participate in the development of 
a debris management plan? 

3. 	 Who will be the Debris Project Manager for your jurisdiction? 

4.	 What staff positions within your agency or department should be designated to 
coordinate State and Federal assistance for debris management activities? 

5.	 What local ordinances that have been adopted in your community apply to 
debris management activities? 

6.	 What Federal and State environmental regulations apply to debris removal 
activities? 

7.	 Which staff member will be responsible for coordinating efforts with FEMA and 
the State during a Presidentially declared disaster? 
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To Do Checklist 

1  Assign management personnel to a debris management team for planning and 
implementation of the debris management plan.  Assignments include 
management and planners for: 

•	 Administration 
•	 Contracting/Procurement 
•	 Legal 
•	 Operations 
•	 Engineering/Planning 

2.	 Establish an organization chart with names and contact numbers for 
distribution to the planning staff. 

3.	 Assign a primary coordinator, and additional staff if necessary, to coordinate 
State and Federal assistance for debris management activities. 

4.	 Assemble any local ordinances that have been adopted in the jurisdiction that 
apply to debris management activities. 
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Design Disaster Event 
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− Volume – Weight Conversion Factors 
− Other Forecasting Methods 
Questions to Consider 
To Do Checklist 

Please see Chapter 1, Public Assistance Debris Removal Eligibility, and Chapter 3, Debris Removal 
from Public Property, for eligibility issues to consider in developing the debris management plan. 

Quantifying the amount of debris after the disaster is known as “estimating.”  Predicting the 
amount and type of debris prior to a disaster event is known as “forecasting.”   

Collection Debris Management Sites 

Reduction and Recycling Final Disposal 

Debris Forecasts 

Figure 6.1 – Debris Management Forecasting Component 

Forecasting the type and quantity of debris begins the debris planning process.  By forecasting 
the type and quantity of debris, the planning staff can better define the scope of work of the 
debris management operations.  Debris forecasts can be used to determine the required 
response and recovery resources, the number and size of storage and reduction sites, and the 
final disposition of the disaster-related debris.   

Staff can reasonably forecast debris by becoming familiar with the impacts that result from 
various types of disasters.  Realistic debris forecasts depend on the type and size of disaster an 
applicant anticipates their community will encounter.   
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Chapter 6 – Debris Forecasting for a Design Event 

Design Disaster Event 

The type of disaster and the debris that is generated may be similar for an entire region of the 
country, but the size and extent of the affected areas is specific to an applicant’s jurisdiction.  
The more information gathered during the planning process, the more realistic the projected 
debris quantities will be for future disasters.  For planning purposes, an applicant should 
consider a “design event” to calculate and forecast the amount of debris that will be generated.  
Planning staff needs to determine the size and extent of a potential disaster.   

Historical data is most often used to determine the design event for hurricanes, tornadoes, ice 
storms, wildfires, and floods. The design disaster event must be within reason and take into 
account historic events and any additional altered criteria that may affect the disaster scenario.  
For example, a flood event may not impact as many single-family homes as a previous event, 
due to a change in a river channel or revised zoning laws that prohibit building in a flood-prone 
area. 

Earthquake design events should be analyzed for reasonableness and practicality.  For instance, 
an applicant may only need to plan with the assumption that a portion of its structures will be 
damaged or destroyed during a disaster event, rather than all of its structures, if more stringent 
seismic building codes and better construction practices have been adopted since a previous 
event of the same nature.   

Terrorist events have limited historical data; information from natural disasters and/or 
analyzing vulnerabilities of a particular applicant’s jurisdiction may provide useful insight into 
the challenges an applicant could anticipate.   

Disaster Characteristics 

The following are general descriptions of natural and manmade disasters and the associated 
debris that each generates. 

Hurricanes and Typhoons  

The terms “hurricane” and “typhoon” are two regional names for the same phenomenon.  The 
damaging forces of hurricanes and tropical storms include high velocity winds (up to 150 miles 
per hour or higher in gusts), storm surge, and wave action.  The most severe damage frequently 
occurs in the shore lands adjacent to the ocean. The resultant debris consists primarily of 
vegetative matter, construction materials from damaged or destroyed structures, personal 
property, marine vessels, and sediment. The greatest concentration of debris is located along 
the shoreline.  Flooding and tornadoes spawned by hurricanes can cause damage and leave 
extensive amounts of natural and manmade debris far inland.   
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Chapter 6 – Debris Forecasting for a Design Event 

It is important to consider the mix of debris that may be generated, though there is no standard 
composition data that can be applied for all hurricanes.  For example, the composition of debris 
from Hurricane Andrew (1992) in Florida was generally 30 percent clean, woody debris and 70 
percent construction and demolition debris. After Hurricane Fran (1996) in North Carolina, the 
mix was exactly the opposite. Considering the land-use types and existing infrastructure (types 
of structures) will assist in making forecasts for planning purposes. 

Tsunamis 

A tsunami is a wave train, or series of waves, generated in a body of water by an impulsive 
disturbance that vertically displaces the water.  Earthquakes, landslides, volcanic eruptions, 
explosions, and even the impact of cosmic bodies, such as meteorites, can generate tsunamis.  
Tsunamis can savagely attack coastlines, causing devastating property damage and loss of life.  
They are capable of inundating and flooding areas hundreds of yards inland past the typical 
high water level.  The fast-moving water associated with the inundating tsunami can crush 
homes and other coastal structures.  Debris from tsunamis may consist of construction and 
demolition debris, vegetative debris, dead mammals, fish, and other marine forms.  Tsunamis 
can be very deadly, and a community could expect to have a high loss of life. 

Tornadoes 

Damage from tornadoes is caused by high-velocity rotating winds.  The severity of the damage 
depends on the velocity of the tornado funnel and the length of time the funnel is on the 
ground. Damage is generally confined to a narrow path, which can be up to one-half mile wide 
and from 100 yards to several miles long.  Tornado debris consists primarily of vegetative 
debris, construction materials from damaged or destroyed structures, and personal property.   

Floods 

Severe rainstorms, hurricanes, tsunamis, or reservoir failure can cause flooding.  Damage to 
structures from flooding is caused either by inundation or high-velocity water flow.  Structural 
damage is usually limited to the floodway and the floodplain area immediately adjacent to the 
waterway. Heavy structural damage may result from high-velocity waters in mountainous 
areas or failure of a flood control project, such as a dam or levee.  Flood debris may consist of 
sediment, wreckage, personal property, and sometimes hazardous materials deposited on 
public and private property.  Additionally, heavy rains and floods may produce landslides; in 
such cases, debris consists primarily of soil, gravel, rock, and some construction materials. 
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Earthquakes 

Seismic forces along fault lines generate shock waves that cause ground shaking, surface 
ruptures, liquefaction, landslides, mudflows, and earth cracking.  Damage may be localized at 
the epicenter or widespread across adjoining areas.  Secondary effects of earthquakes such as 
aftershocks, fires, explosions, and landslides cause further damage.  Debris from an earthquake 
generally consists of damaged personal property, structural building materials, charred 
material, concrete, and asphalt. 

Fires 

Wildfires or urban fires can destroy or partially damage building structures, vehicles, public 
infrastructure, and vegetation. The loss of vegetative growth on hillsides may result in 
mudslides and subsequently cause further structural damage.  Debris from fires consists of 
burnt personal property, burnt metals, charred wood, ash, asbestos, and other hazardous 
wastes. 

Ice Storms or Snowstorms  

Debris from ice storms or snowstorms consists of significant amounts of vegetative debris and 
overhead utility service components.   

Acts of Terrorism 

Terrorism includes the unlawful use of force and violence against persons or property to 
intimidate or coerce a government, the civilian population, or any segment thereof, in 
furtherance of political or social objectives.  Since terrorism is regarded as a criminal act, it 
involves coordination with law enforcement authorities, the coroner’s office, and health officials 
before debris is handled or disposed.   

Debris generated as a result of an act of terrorism is highly variable in both quantity and type, 
depending upon the specific means utilized by the terrorists.  An act of terrorism could generate 
little to no debris at all, or could result in large quantities of multiple types of debris, potentially 
requiring highly specialized personnel, procedures, and equipment for its removal and 
disposal. 
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Disaster Debris Streams 

Typically, disasters generate a mix of different types of debris.  Figure 6.2 summarizes the 
typical types of debris for each type of disaster. 

Typical Debris Streams 
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Hurricanes / Typhoons X X X X X X X X X 
Tsunamis X X X X X X X X X 
Tornadoes X X X X X X X X 

Floods X X X X X X X X X 
Earthquakes X X X X X 

Wildfires X X X X X 
Ice Storms X X 

Figure 6.2 – Typical Debris Streams for Different Types of Disasters 

Different handling and disposal methods are required for particular debris types and impact the 
scope of work of the debris management plan. Managing debris containing hazardous, 
household hazardous, medical, and infectious materials requires various specialized handling 
and disposal methods.  Planning Staff should consider the proper handling and disposal 
methods for each type of debris that could be generated during each design disaster event when 
preparing debris management plans.  Refer to Chapter 3, Debris Removal from Public Property, for 
discussion on typical debris streams. 

Land Use and Geography 

The planning staff should take into consideration land use, terrain, and accessibility of areas 
located within the applicant’s geographic boundaries to determine the types of debris that will 
be generated and to establish effective debris collection programs. 

Understanding the local land use provides information as to the types of debris that will be 
generated and offers insight as to the type of handling that would be necessary to safely 
manage the debris.  For example, rural areas may have more vegetative debris; whereas, urban 
residential areas may have more construction and demolition debris.  Industrial parks may have 
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special environmental concerns compared to park areas.  Planning staff may find it useful to 
divide the jurisdiction into sectors in order to keep the forecasting manageable. 

Evaluating accessibility and terrain of various locations within a jurisdiction is critical to 
determining the types of debris collection programs that should be undertaken.  Remote areas 
may require the planners to safely store the debris until accessibility is established.  Usually, 
finding debris contractors, recyclers, or disposal facilities in remote areas is a challenge.  To 
promote expedient recovery efforts, planners should identify and maintain lists of available 
debris contractors, recyclers, and disposal facilities. 

Forecasting Methods 

After the disaster parameters and geographic extent is established, specific debris volumes can 
be quantified by using historical information or forecasting models. 

Historical records provide a basis for forecasting disaster-generated debris and can be used for 
planning purposes. Previous contracts for debris removal, recycling activities, volume-
reduction processing, and landfill disposal records should be reviewed thoroughly to determine 
the quantity of disaster debris that was generated for a particular disaster event. 

If previous disaster data is not available, assumptions may be made from neighboring 
jurisdictions’ experience, or from USACE modeling.  USACE emergency management staff has 
developed a modeling methodology designed to forecast potential amounts of hurricane-
generated debris.  Based on data from Hurricanes Frederic (1979), Hugo (1989) and Andrew 
(1992), the methodology has a predicted accuracy of plus/minus 30 percent.  USACE 
mathematical modeling forecasts the quantity of debris specifically generated by hurricanes and 
is available in Appendix B, USACE Hurricane Debris Estimating Model. 

Buildings 

Several basic techniques have been established to forecast destroyed building debris quantities.  
These techniques can be used to forecast debris quantities prior to an event or estimate 
quantities after a disaster.   

Residential buildings 

A formula for estimating the debris quantities from a demolished single-family home and 
associated debris is: 

L’ x W’ x S x 0.20 x VCM =___ cubic yards of debris (cy) 
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Where: 
L = length of building in feet 
W = width of building in feet 
S = height of building expressed in stories 
VCM = Vegetative Cover Multiplier 

The vegetative cover multiplier is a measure of the amount of debris within a subdivision or 
neighborhood. The descriptions and multipliers are described as: 

•	 Light (1.1 multiplier) includes new home developments where more ground is visible 
than trees.  These areas will have sparse canopy cover. 

•	 Medium (1.3 multiplier) generally has a uniform pattern of open space and tree canopy 
cover. This is the most common description for vegetative cover. 

•	 Heavy (1.5 multiplier) is found in mature neighborhoods and woodlots where the 
ground or houses cannot be seen due to the tree canopy cover. 

The table below can be used to forecast debris quantities for totally destroyed single-family, 
single-story homes in the applicable vegetative cover category. 

Typical House 
(square feet) 

Vegetative Cover Multiplier  
None Light 

(1.1) 
Medium 

(1.3) 
Heavy 
(1.5) 

1000 sf 200 cy 220 cy 260 cy 300 cy 
1200 sf 240 cy 264 cy 312 cy 360 cy 
1400 sf 280 cy 308 cy 364 cy 420 cy 
1600 sf 320 cy 352 cy 416 cy 480 cy 
1800 sf 360 cy 396 cy 468 cy 540 cy 
2000 sf 400 cy 440 cy 520 cy 600 cy 
2200 sf 440 cy 484 cy 572 cy 660 cy 
2400 sf 480 cy 528 cy 624 cy 720 cy 
2600 sf 520 cy 572 cy 676 cy 780 cy 
Figure 6.3 – Debris Forecasting Table for Totally Destroyed Homes 

The amount of personal property within an average flooded single-family home has been found 
to be: 

•	 25-30 cy for homes without a basement 
•	 45-50 cy for homes with a basement 

Mobile homes have less wasted space due to their construction and use. The walls are 
narrower, and the units contain more storage space.  Therefore, the typical mobile home 
generates more debris by volume than a single-family home.  Historically, the volume of debris 
from mobile homes has been found to be: 
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• 290 cy of debris for a single-wide mobile home 
• 415 cy of debris for a double-wide mobile home 

Outbuildings 

All other building volumes may be calculated by using the following formula: 

L’ x W’ x H’ x 0.33  = ___ cubic yards of debris 
27 

Where: 
L = length of building in feet 
W = width of building in feet 
H = height of building expressed in feet 
0.33 is a constant to account for the “air space” in the building 

27 is the conversion factor from cubic feet to cubic yards 


Vegetation 

Vegetation is the most difficult to estimate due to the random sizes and shapes of trees and 
shrubbery. Based on historical events, USACE has established a few rules of thumb in 
forecasting and estimating vegetative debris.   

• Treat debris piles as a cube, not a cone, when estimating 
• 15 trees, 8 inches in diameter = 40 cy (average) 
• One acre of debris, 3.33 yards high = 16,117 cy 

Volume – Weight Conversion Factors 

These factors to convert woody debris from cubic yards to tons are considered reasonable and 
were developed by USACE. 

Softwoods 6 cubic yards = 1 ton 

Hardwoods 4 cubic yards = 1 ton 

Mixed debris  4 cubic yards = 1 ton 

C&D 2 cubic yards = 1 ton 


To verify these conversion factors in the field, several truckloads may be tested.  Trucks should 
be well loaded, contain woody debris typical of that being removed, and truck capacities should 
be verified. It is recommended that testing be performed with all affected parties present.   
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Other Forecasting Methods 

Remote Sensing 

The use of remote sensing information (aerial photographs, satellite data, etc.), either alone or in 
combination with field surveys, may be of significant use in forecasting the amount, mix, and 
extent of debris. Geographic Information System (GIS) maps should be considered early in the 
planning process. Depending upon the area, it is usually possible to quickly obtain GIS maps of 
landfills, Superfund sites, transportation routes, etc. As data on debris is obtained, plotting it on 
GIS maps should be considered.   

Forecasting Models in Development 

The private sector is currently developing other debris estimating models for tornadoes and 
hurricanes. These models are based on GIS or phone book data and on the USACE model.  The 
Federal government and private industry are also working on a model to determine earthquake 
debris. The model takes into consideration various characteristics of an earthquake to anticipate 
the quantity of debris that could be generated by an earthquake. 

Other debris forecasting methodologies and computer models may be available through other 
private vendors or other public sources. 

Note that FEMA does not specifically endorse a particular product; however, such products 
may assist in forecasting disaster-generated debris and may be utilized for planning purposes.   

  Questions to Consider 

1.	 Describe the types of disasters and debris streams that place your jurisdiction 
at risk. 

2.	 Historically, what type of disaster generated: 

•	 The most amount of debris (quantity)? 
•	 The most varied types of debris? 

3. 	 Who will be responsible for: 

•	 Forecasting the debris quantities prior to the disaster? 
•	 Estimating the post-disaster debris quantities? 
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To Do Checklist 

1.	 Establish a design disaster event.  This may be based on historical events.   

2.	 Forecast the type and quantity of debris for the design event.  This can be 
based on historical data, recent neighboring community damage, or 
modeling methods. 

3.	 Consider jurisdictional geography when forecasting and divide the 
jurisdiction into sectors if necessary. 
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Chapter 7 – Debris Collection Strategy  


Chapter Highlights 
Developing a Collection Strategy 
− Response Operations 
− Recovery Operations 
Types of Collection Methods 
− Curbside Collection 
− Collection Centers 
Collecting Hazardous Waste and White Goods 
− Household Hazardous Waste 
− White Goods 
Questions to Consider 
To Do Checklist 

Please see Chapter 1, Public Assistance Debris Removal Eligibility and Chapter 4, Private Property 
Debris Removal and Demolition of Private Structures, for eligibility issues to consider in developing 
the debris management plan.  

The next step after determining the design event and debris forecasting is to develop a debris 
collection strategy. 

Collection Debris Management Sites 

Reduction and Recycling Final Disposal 

Debris Forecasts 

Figure 7.1 – Debris Collection Component 

Collection operations are normally broken into two phases:  response and recovery.  An 
efficient debris management plan includes collection activities for response and recovery debris 
strategies. Response occurs sometimes during and always immediately after an event in order 
to clear emergency access routes. The recovery operation usually begins after the emergency 
access routes are cleared and the residents return to their homes and begin to bring debris to the 
public rights-of-way. 
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Chapter 7 – Debris Collection Strategy 

Developing a Collection Strategy 

To develop a strategy, the planning staff must consider several variables, which include: 

• Amount and type of forecasted debris 
• Employee labor resources 
• Available equipment 
• Urgency of the debris operations 
• Damage to priority infrastructure 
• Limitations of forces and skills for specialized debris issues 

Response Operations 

Debris removal activities during the response phase include immediate actions for the removal 
of debris to facilitate search and rescue efforts, to allow access to critical facilities, and to prevent 
flooding. Actions required during the response phase are usually completed within a matter of 
days following a disaster event. 

Applicants often use their own labor force and equipment to remove debris during this phase. 
In circumstances when the existing labor force is not sufficient, or when specialized services are 
required, applicants may supplement their work efforts by activating mutual aid agreements or 
by awarding short-term debris removal contracts for specific work. 

Response operations primarily focus on the emergency access routes and main arterials.  The 
planning staff should identify which roads and streets are essential to emergency operations so 
they can manage and direct local resources.  The planning staff should identify and target areas 
for possible State and mutual aid assistance to augment their efforts. 

Prior to and immediately following the event, extricating people and providing access to health 
care facilities are the top priorities; therefore, the major arterial routes are given priority for the 
emergency services staff such as police, fire, and ambulance service.  Emergency operations 
infrastructure, such as the emergency operations center and supply distribution centers, 
normally are the next priority.   

Other infrastructure, such as water, wastewater, and utilities, is typically given the third 
priority.  Priorities for all other routes are established by the applicant based on its particular 
situation. The following is an example priority list: 

1. Fire, police, and ambulance service routes 
2. Access routes to trauma centers, hospitals, critical care units, and jails 
3. Major arterial routes 
4. Roads and streets to the debris management center and emergency operations center 
5. Supply routes to emergency supply distribution centers 
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Chapter 7 – Debris Collection Strategy 

6. Roads and streets to government facilities 
7. Communication towers and systems access 
8. Utility access routes 
9. Routes to shelters 

Maps showing specific streets, roads, buildings, hospitals, and addresses, along with specific 
labor assignments are necessary for emergency staff to understand their roles.  All other roads 
and streets are normally cleared once the emergency and major access routes are opened and 
the jurisdiction transitions to the recovery operations.   

Recovery Operations 

The recovery phase focuses on collecting the remaining debris, reducing or recycling, and final 
disposal. Development and management of a debris management site is considered a recovery 
activity as well. Depending on the quantity and the complexity of the debris removal actions, 
debris removal activities could continue for several months.  Applicants can use a combination 
of force account and contractor services for debris removal activities during this phase. 

Types of Collection Methods 

The fundamental component of a disaster debris management strategy is the collection of 
debris. The public expects to have debris removed from neighborhoods immediately after a 
disaster event.  The implementation of disaster debris collection immediately after the disaster 
event assures the public that recovery efforts are in progress and that the community will return 
to normal quickly.  Developing an approach to collect debris during the planning process will 
assist applicants to begin collecting debris immediately following a disaster event. 

The debris type, amount, and urgency determines which collection method is used.  The two 
main methods of debris collection are curbside collection and collection centers.   

The planning staff may tailor the collection operation using curbside collection, collection 
centers, or a combination of both depending on the specific jurisdiction, quantities, and types of 
debris. 

Curbside Collection 

Curbside collection parallels an applicant’s normal garbage and trash collection operations.  
Debris is placed at the curb or public rights-of-way by the residents for the applicant’s 
collection. The only difference between the subcategories discussed below is the separation of 
the types of debris at the point of collection.   
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Chapter 7 – Debris Collection Strategy 

Mixed Debris Collection 

Collecting mixed debris by the applicant allows for residents to place all debris types in one 
specified area, usually along the public right-of-way in front of their residence.  While this is the 
most convenient for the public, it does not facilitate effective recycling and reduction efforts, as 
the debris will need to be handled multiple times.  Therefore, this method prolongs recycling 
and reduction efforts and increases operational costs.   

Source-Segregated Debris Collection 

Residents are directed to sort the debris by material type and place it at the curb in separate 
piles. Trucks designated for a particular debris type collect the assigned debris and deliver it to 
a temporary staging area, or debris management site, reduction, recycling, or disposal facility.  
The disadvantage of this method is that it requires more trucks to collect the different types of 
debris; however, this increased equipment cost may be offset by avoiding the labor cost and 
time to separate the debris by hand.  Source-segregated debris collection offers the potential of 
high salvage value and efficient recycling/reduction processing.  This method is important 
when collecting hazardous and environmentally sensitive debris, such as household hazardous 
waste and white goods.  Both types of debris are discussed at the end of the Collection Methods 
section. 

Collection Centers 

The second type of collection method is to have the residents transport their debris to a 
common location. Large roll-off bins may be placed on public rights-of-way or public property 
for the residents to bring their debris for collection.  This is well suited for rural, sparsely 
populated areas or logistically difficult conditions (i.e., hilly neighborhoods) where curbside 
collection is not practical. Separate bins can be designated for particular types of debris.  The 
associated costs are generally low since the public essentially accomplishes the material 
collection and separation themselves.   

The planning staff should assign employees to manage the development of the site and oversee 
the operations of the collection center.  The planning staff needs to design the circulation for 
proper ingress, egress, and collection bin exchanges.  Employees need to be stationed at the 
centers during the collection period in order to have empty bins brought in when the current 
ones are full, to ensure that debris materials are placed in the correct bins, and to ensure a 
collection center does not become a dumping ground for non-disaster-related debris. 

The planning staff’s legal counsel should investigate the liability issues that the site may 
present, especially if debris is being brought in and handled by the jurisdiction’s residents.   
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Chapter 7 – Debris Collection Strategy 

Collecting Hazardous Waste and White Goods 

The two most common types of debris that will need special handling are hazardous waste and 
white goods.  Regardless of which collection method is used, the planning staff needs to 
understand the effects this collection can have on the overall debris clearance, removal, and 
disposal mission. 

Household Hazardous Waste  

HHW mixed with other debris types will contaminate the entire load, which necessitates special 
disposal methods such as storage in a particular part of a landfill.  Typically, the landfill 
requires special liners and a more intense permit standard due to the hazardous waste.  The 
disposal cost of HHW is generally higher than the disposal of other waste; therefore, the overall 
cost of debris disposal can escalate quickly if the HHW collection and disposal is not planned 
and executed with care. 

Local governments, in coordination with the State and county, often host HHW collection 
center events, or “round-ups,” several times during the year.  The round-ups are planned 
scheduled events for residents to legally dispose of unused HHW.  The applicants should host a 
HHW round-up following a disaster event, in order to avoid the commingling of the hazardous 
waste with other disaster-related debris.  This limits the amount of contaminated waste, thereby 
reducing the overall disposal cost of the debris.  

Pre-disaster planning should include training for hazardous waste response teams to collect, 
sort, store, and dispose of excessive quantities of HHW.  The planning staff may consider 
having emergency hazardous waste removal/disposal contracts in place or pre-qualifying 
contractors to perform the work. The planning staff may prepare generic scopes of work that 
can be fine tuned with minimal effort, in order to begin recovery operations as soon as possible. 

White Goods 

The planning staff needs to take special care in finding certified recycling centers that are 
permitted to take white goods.  Refrigerants and other machine fluids are normally regulated 
by the State environmental agency and can only be reclaimed by certified technicians and 
disposed of at a permitted facility. To avoid releases of refrigerants or oils, the collection of 
white goods should be accomplished carefully by manually placing the appliance on trucks or 
by using lifting equipment that will not damage the elements that contain the refrigerants or 
oils. 

Having contracts or agreements in place prior to a disaster expedites the recovery efforts.   
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Chapter 7 – Debris Collection Strategy 

Recycling scrap metals and parts from white goods presents an opportunity for applicants to 
offset the collection and disposal costs.  This also reduces the amount of waste going to a 
landfill. 

The State environmental office and EPA provide first response functions in cases of commercial, 
agricultural, industrial, and toxic waste spills. The debris management plan should include the 
contact information for both parties in case of a large contamination issue.   

  Questions to Consider 

1.	 What facilities will be critical for establishing clearance or removal priorities 
in the debris management plan? 
•	 Emergency (police, fire, hospitals) 
•	 Utilities (electrical, water, sewer, communications) 
•	 Other 

2.	 Who will conduct response and recovery activities?  Force account labor? 
Contractors? 

3.	 How will debris be collected throughout the jurisdiction? 

4.	 How will the collection activities handle HHW and white goods? 

5.	 Have the necessary environmental controls for hazardous waste been 
designed for the collection centers, such as liners and berms? 

6.	 Have the appropriate State and local regulatory agencies been involved in the 
selection of collection center sites, to ensure they are not placed in 
environmentally sensitive areas? 
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Chapter 7 – Debris Collection Strategy 

To Do Checklist 

1. 	 Establish priorities for debris clearance and removal during response and 
recovery operations. 

2. 	 Identify which collection method best suits the jurisdiction. 

3.	 If collection centers are used: 

a.	 Identify appropriate locations for collection centers 
b. 	 Identify if hazardous waste or HHW will be collected 
c. 	 Identify how the collection centers will be monitored 
d. 	 Identify how long the collection centers will be in place 

4. 	 If using curbside collection, identify the work force that will collect the 
debris: 

a.	 If Force account, assignments for: 
•	 Labor 
•	 Equipment 
•	 Sector or section of the applicant’s jurisdiction 

b. 	 If Contractors, assignments for: 
•	 Labor 
•	 Equipment 
•	 Sector or section of the applicant’s jurisdiction 
•	 Monitor assignments for contractor activities 

5.	 Establish a process for handling HHW and white goods. 

6.	 Train staff and emphasize the need for documenting key debris eligibility 
requirements for Public Assistance grant consideration: 
a.	 Hours worked 
b. 	 Hours the equipment was operating 
c. 	 Location of work performed 
d. 	 Amount of debris removed 
e. 	 Type of debris 
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Chapter Highlights 
Advantages and Disadvantages 
Identifying Debris Management Sites 
− Ownership 
− Size 
− Location 
− Environmental and Historic Preservation Concerns 
Baseline Data Collection 
Environmental Monitoring Program 
Permits 
Establishment and Operations Planning 
− Site Design 
− Site Management 
− Site Closure 
Questions to Consider 
To Do Checklist 

Please see Chapter 1, Public Assistance Debris Removal Eligibility, for eligibility issues to consider 
in developing the debris management plan. 

Debris Management Sites (DMS) are established when applicants are unable to take debris 
directly from the collection point to the final disposition location.   

Collection Debris Management Sites 

Reduction and Recycling Final Disposal 

Debris Forecasts 

Figure 8.1 – Debris Management Site Component 

A DMS is a location for applicants to temporarily store, reduce, segregate, and/or process debris 
before it is hauled to its final disposition. It is frequently used to increase the operational 
flexibility when landfill space is limited or when the landfill is not in close proximity to the 
debris removal area. 

FEMA 325, Public Assistance Debris Management Guide Page 71 



 

 

 

 
 

 
 

 
  

 
  

 

  
 

 
 

 

 

 

 

 

 

 

  

Chapter 8 – Debris Management Sites 

By employing a DMS, the debris can be collected from the rights-of-way and public properties 
in order to expedite permanent recovery operations.  Locations for temporary debris storage 
and processing facilities should be identified during the planning process, and a listing of the 
locations should be included in the debris management plan.   

Advantages and Disadvantages 

The advantages and disadvantages of a DMS are: 

Advantages: 

•	 Flexibility of operations.  The DMS may also include a collection center for the public’s 
use. 

•	 Facilitation of recycling and reduction of debris.  Specific reduction, recycling, or 

segregation needs can be designed into the site. 


•	 Expedition of debris collection.  Having a site for temporary storage and reduction 
allows time for local landfill site preparation before final disposal.  The DMS may also be 
established at a location central to the disaster event, thereby reducing travel time from 
the disaster area to the disposal site. 

Disadvantages: 

•	 Additional cost to handle the debris twice.  Once to the DMS and the second time to 
final disposition. 

•	 If applicant-owned land is not available, leasing land is expensive. 

•	 Additional costs for proper planning, engineering, and permitting. 

•	 Considerable time and effort required to complete environmental and historic 

preservation compliance reviews prior to establishing the site. 


•	 Environmental review and potentially extensive site cleanup may be necessary to 

properly close the site. 


•	 DMS requires dedicated site management and staff for efficient operations, safety, and 
documentation considerations. 

Identifying Debris Management Sites 

Identifying potential sites before a major natural disaster expedites debris removal and 
subsequent volume reduction and disposal actions.  The designated Debris Project Manager  
and staff should work closely with other local, tribal, and State officials to develop and maintain 
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Chapter 8 – Debris Management Sites 

current listings of potential debris storage and reduction sites in areas prone to natural 
disasters. Site selection should be based on the following criteria: 

• Ownership 
• Size 
• Location 
• Environmental and historic concerns (baseline study findings) 

Ownership 

The planning staff should consider public lands first in order to avoid costly land leases.  
Existing disposal or recycling facilities that are in close proximity to the disaster area are ideal 
locations for DMS. Nearby landfill and recycling center capacities need to be evaluated for site 
feasibility. Applicant-owned sites that will not require extensive repair costs, such as parks, 
vacant lots, or sports fields, should be considered as well.  State-to-State or county-to-county 
agreements may present possible solutions for public land use.   

When this is not possible, the planning staff should develop criteria for identifying potential 
private property locations for the DMS.  Private land leases need to be reviewed by the legal 
staff in order to avoid extensive damage claims upon site closeout. 

Land Lease Agreements 

The duration of the land lease agreement should be inclusive of all the time the applicant will be 
present at the site, beginning with the baseline environmental study and ending once the 
property owner takes back legal ownership. 

The agreement should include a requirement to conduct a baseline environmental evaluation of 
the site before the site is occupied and an environmental evaluation before returning the 
property back to the owner.  Both documents may become an annex to the land lease 
agreement. 

The land lease agreement should be for a specific time frame with the ability to extend the lease 
if debris removal and processing activities are not completed.   

Size 

The size of the site is dependant on the quantity of debris that is stored and processed.  The site 
should be large enough to safely accommodate processing of various debris materials, storing 
heavy equipment, and maneuvering trucks and large processing equipment.  Historic disasters 
have shown that it takes 100 acres of land to process one million cubic yards of debris.  USACE 
has found that approximately 60 percent of the area will be used for roads, buffers, burn pits, 
HHW disposal areas, etc.  
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Location 

The DMS should be established in an area that does not impede the flow of traffic along major 
transportation corridors, disrupt local business operations, or cause dangerous conditions in 
residential neighborhoods or schools.  Whenever possible, avoid locating a DMS near 
residential areas, schools, churches, hospitals, and other such sensitive areas.   

The DMS requires good ingress/egress to accommodate heavy truck traffic.  The planning staff 
should consider adjusting traffic signals to accommodate projected truck traffic on critical haul 
routes. The DMS selection criteria should consider access to major routes to allow for trucks to 
transport material to final disposition locations. 

The planning staff needs to consider public acceptability when selecting a potential DMS.  It is 
largely dependent upon the activities planned for the site.  Smoke from burning, around-the-
clock light and noise from equipment operation, dust, and traffic are generally tolerated early in 
a disaster recovery operation, but may have to be curtailed later.  The planning staff is strongly 
encouraged to notify citizens early about planned site activities and possible ramifications. 

Environmental and Historic Preservation Concerns 

When selecting public or private sites, pre-existing conditions should be considered because the 
sites will have to be restored upon site closeout.  Proper management of the site allows the site 
to be closed with manageable efforts.  For site closure reasons, planning staff should refrain 
from aggravating an existing environmental issue during the debris management operations.   

Therefore, a DMS should not be established in an environmentally or historically sensitive area 
such as wetlands, critical animal and plant habitats, sole source aquifers, freshwater well fields, 
historic districts, or archeological sites.  This applies specifically to any Superfund site or area 
within a 100-year floodplain. DMS selection criteria should also take into consideration any 
disproportionately high or adverse impacts on minority or low-income populations, in 
accordance with EO 12898.  Adverse impacts should be avoided or minimized where possible.  
If an environmental or historic preservation concern is found during the baseline data collection 
process (described below), the potential site should be ranked lower than others.  However, if 
use of such areas is unavoidable, the State and local environmental and historic preservation 
requirements must be followed.  Compliance with environmental and historic preservation 
requirements is still required. 

By conducting a baseline data collection study, the planning staff is able to further establish the 
feasibility of potential sites, document the existing site, and vet potential environmental issues.  
Data collection needs to be completed prior to establishing the site and continued throughout 
the operations. The final evaluation should include the same documentation in order to avoid 
disagreements on the condition of the site prior to the operations and the condition to which it 
was returned. 
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Chapter 8 – Debris Management Sites 

Baseline Data Collection 

Baseline data collection is essential to documenting the condition of the land before it is used as 
a DMS. Private and public land used as a DMS needs to be returned to its original condition 
following the end of all debris operations.  As soon as a potential site is selected, the designated 
Debris Project Manager and staff should work closely with local, tribal, and State officials to 
develop baseline data criteria. The following actions are suggested to document the baseline 
data on all sites: 

1.	 Videotape and/or Photograph the Site. Thoroughly videotape and/or photograph 
(ground or aerial) each site before beginning any activities.  Periodically update video 
and photographic documentation to track site evolution. 

2.	 Document Physical Features. Note existing structures, fences, culverts, irrigation 
systems, and landscaping that can help evaluate possible damage claims made later. 

3.	 Investigation of Historic Significance. Research the past use and ownership of the 
property to document any issues regarding the existence of historic structures or 
archeological sites.  The SHPO may have information about the property.   

4.	 Sample Soil and Water.  Soil and groundwater samples should be collected prior to use 
of the site. Advance planning with community and State environmental agencies can 
establish requirements, chain of custody, acceptable sampling methods, certified 
laboratories, and testing parameters.  If in-house assets are not available, the planning 
staff may consider establishing a contract with an environmental consulting firm that 
can respond rapidly.  Planned HHW, ash, and fuel storage areas should be sampled 
prior to site setup. 

Environmental Monitoring Program 

As operations proceed additional data should be collected throughout the operations for 
closeout and quality assurance reasons.  The data can be compared to the previously 
established information in order to determine any remediation that may be necessary. 

1.	 Sketch Site Operation Layout.  DMS operations may grow, shrink, or shift on the site.  
It is important to track reduction, hazardous waste collection, fuel, and equipment 
storage in order to sample soil and water for contaminants.  Periodically map or sketch 
activity locations so that areas of concern can be pinpointed later for additional sampling 
and testing. 
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Chapter 8 – Debris Management Sites 

2.	 Document Quality Assurance Issues. Document operations that will have a bearing on 
site closeout, such as petroleum spills at fueling sites, hydraulic fluid spills at equipment 
breakdowns, installation of water wells for stock pile cooling or dust control, discovery 
of HHW, and commercial, agricultural, or industrial hazardous and toxic waste storage 
and disposal. 

3.	 Restoration of Site. Final restoration of the landscape must be acceptable to the 
landowner, but within reasonable expectations.  Therefore, plan the landscape 
restoration as early as possible, preferably incorporating provisions within the lease.  

Permits 

Environmental permits and land-use variances may be required to establish a temporary DMS.  
Several agencies may be involved in issuing permits and granting land-use approvals.  The 
planning process should identify the potential permits that will be required to establish a 
facility. A listing of the permits should be part of the debris management plan and may 
include: 

•	 Waste processing and recycling operations permit 
•	 Temporary land-use permits 
•	 Land-use variances 
•	 Traffic circulation strategies 
•	 Air quality permits 
•	 Water quality permits 
•	 Coastal commission land-use permits 
•	 HHW permits 
•	 Fire department permits 

Establishment and Operations Planning 

Site Design 

The information gathered during the baseline data collection becomes important to the design 
of the site. Additional concerns, such as site operations and closure criteria, need to be taken 
into consideration when the site is designed.  Many of these issues will be addressed in 
planning, but will be implemented after the debris-generating event occurs. 

Site Preparation 

The topography and soil/substrate conditions should be evaluated to determine the best site 
layout. When planning site preparation, the designer should consider ways to make site closure 
and restoration easier.  For example, if the local soils are very thin, the topsoil can be scraped to 
bedrock and stockpiled in perimeter berms. Upon site closeout, the uncontaminated soil can be 
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re-spread to preserve the integrity of the tillable soils.  Operations that modify the landscape, 
such as substrate compaction and over-excavation of soils when loading debris for final 
disposal, adversely affect landscape restoration. 

Site Layout  

The efficiency and the overall success of the DMS operations is determined by how the site is 
designed. Debris should be constantly flowing to incinerators and grinders, or recycled with 
the residue and mixed construction and demolition materials going to a landfill.  Significant 
accumulation of debris should not be allowed to occur at temporary storage sites, due to 
environmental and safety concerns, such as the risk of fire.  Moreover, permits for such sites 
usually impose maximum capacity restrictions.  Additional debris management sites may be 
required if the actual debris quantities flowing into the site are greater than the site storage and 
processing capacity. 

Figure 8.2 - DMS With Undesired Debris Accumulation 

Figure 8.3 - DMS With Little Debris Accumulation 
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Operational Boundaries 

Operational boundaries are the boundaries or areas that clearly define the difference in use 
areas at the DMS.  In establishing the operational boundaries, the DMS design staff may 
consider using earthen berms, temporary barriers, or any other physical restriction.  This aids 
traffic circulation and helps keep debris amassing at the DMS to a minimum.   

Common operational uses are: 

•	 Reduction 

•	 Recycling 

•	 Tipping areas (unloading) 

•	 Loading areas for processed debris to go to its final disposition 

•	 Drop-off centers for the general public (this may include vegetative, recycling, or 

construction and demolition debris) 


•	 HHW storage 

•	 Monitoring tower locations at both the ingress and egress points 

•	 Equipment, fuel, and water storage 

The separation between all of the areas listed above needs to be clearly delineated and defined.  
As operations proceed, the lines may be moved to accommodate either growing demand for 
space or a reduction in preparation for closure. 

The reduction, recycling, tipping, and loading areas need ample room for large equipment 
operations. The design should take into consideration the possibility of multiple pieces of 
equipment being in the same activity area at one time.  Depending on the scale of operations, 
each debris stream may have its own tipping area and should be designed accordingly.  
Reduction activity considerations are discussed in Chapter 9, Debris Reduction/Recycling Methods 
and Disposal. 

General public drop-off areas for recycling, reduction, and construction and demolition debris 
may be included within a DMS. These public use areas should be carefully designed for 
passenger vehicle traffic and public safety. 

HHW storage should be close to the public drop-off center yet restricted so that qualified 
personnel may process the waste appropriately.  The design staff may consider constructing an 
impermeable lining and earthen berms in order to contain spills and prevent surface water 
runoff from leaving the area. 
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Monitoring towers should be located at ingress and egress points.  Monitoring towers should be 
constructed of durable structural materials.  The structures should be designed to withstand 
active and static loads.  A stepladder is not an acceptable monitoring tower.  Additional 
monitoring concerns and issues are discussed in Chapter 11, Monitoring Debris Removal. 

Equipment and fuel should have a designated storage area and signs posted appropriately.  The 
fuel storage areas need to be designed to contain spills.  Water should be readily available at all 
times. Water storage areas should be strategically positioned throughout the site and identified 
appropriately. 

Traffic Patterns 

The traffic circulation needs to be well defined throughout the entire site. Although traffic signs 
and barricades aid in directing traffic, the planning staff may consider flag personnel to help 
direct traffic.  Drivers unfamiliar with the new environments, routes, and rules will need 
assistance in order to safely navigate through the DMS.   

Figure 8.4 - Sample DMS Layout 
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Optimally, the designed traffic pattern should allow trucks to enter and exit through different 
access points, as long as each is monitored.  Haulers are typically paid by the volume of a load.  
The load is evaluated when entering the site as a percentage of the full capacity of the truck.  
Stationing monitors at ingress and egress points ensures every truck releases the entire load 
prior to leaving the site.  This avoids debris left in a truck from a previous load from being 
counted again in a subsequent load. 

The empty trucks that enter the site to remove the processed (reduced) debris should enter and 
exit through an access point other than that of all other traffic.  This reduces the site 
management and debris monitor confusion regarding debris being deposited or leaving the site.  

Site Management 

To meet overall debris management strategy goals and to ensure that the site operates 
efficiently, the management of the site should be under the direction of the applicant.   

Applicants could use in-house personnel or contracted services to manage the site.  In either 
situation, a site manager, debris monitors, and safety personnel are needed to ensure safe and 
efficient operations. 

Site Manager 

The site manager is responsible for supervising the overall day-to-day operations, maintaining 
daily logs, preparing site progress reports, and enforcing safety and permitting requirements 
during site operations. The site manager is also responsible for scheduling the environmental 
monitoring and updating the site layout.  The site manager has oversight for monitoring the 
activities of the debris removal contractors and the onsite debris processing contractors to 
ensure they comply with the terms of their contracts.   

Debris Monitors 

Applicant’s monitors (whether force account or contractors) should be placed at ingress and 
egress points in order to quantify debris loads, issue load tickets, inspect and validate truck 
capacities, check loads for hazardous waste, and perform quality control checks.  The specific 
duties of the monitors are dependent on how debris is collected.  Chapter 11, Monitoring Debris 
Removal, includes additional information concerning monitoring roles and responsibilities. 

Safety Personnel  

Safety personnel are responsible for traffic control and ensuring that site operations are in 
compliance with State and Federal occupational safety regulations.   
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Chapter 8 – Debris Management Sites 

Site Closure 

When the site operations are complete, the property must be restored to its original condition 
before returning the site to the property owner.  Restoration of a site involves removing all 
traces of the operations and possible remediation of any contamination that may have taken 
place during the operations.  The site, either applicant owned or leased, must be brought back 
to its environmental state, prior to it being returned to the owner.   

Debris, processing equipment, storage tanks, protection berms, and other structures built on the 
site should be removed from the site upon completion of all debris removal and processing 
operations. 

The final environmental site evaluation is an extension of the environmental monitoring 
program. Similar testing as completed in the baseline study will be conducted to confirm that 
the site has been returned to its pre-activity state.  Test samples should be taken at the same 
locations as those of the initial assessment and monitoring program.  However, if warranted, 
additional test samples may need to be taken at other locations on or adjacent to the site. 

Based on the results of the testing, additional remediation may be required before the owner 
takes final acceptance of the site.  The lease agreement should have provisions to release the 
applicant from future damages when the site is returned in its original condition or final 
acceptance is received from the owner. 

  Questions to Consider 

1.	 What are the remaining capacities of your landfills?  How would you acquire 
this information? 

2.	 Are there any restrictions to the types of materials that can be taken to your 
landfills? 

3.	 Does the governing jurisdiction have available property that can be used as a 
DMS? If not, who would have the responsibility to locate a potential DMS and 
prepare legal lease agreements? 

4.	 Who in your staff could manage the DMS?  What staff is available to work at 
the DMS? 

5.	 Will contracting additional labor and equipment be necessary to operate the 
DMS? 
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Chapter 8 – Debris Management Sites 

To Do Checklist 

1. 	 Identify landfills within the jurisdiction that can be used for a DMS, final 
disposal, or both. If landfill space is not available, what are the alternatives? 

2. 	 If it is determined that a DMS is necessary: 

a. 	 Perform the baseline data collection 

b. 	 Have the legal staff review and obtain a lease (if private property) 

c. 	 Identify any outstanding environmental concerns with the site 

d. 	 Obtain all permits from the governing authority or agencies 

3.	 Identify the jurisdictional staff member(s) that will be responsible for the 
DMS operations. 

4. 	 Identify the types of operations that will be taking place at the DMS. 

5.	 Design the DMS layout. 

6.	 Identify how the DMS activities will be performed: 

•	 Force account labor and equipment  
•	 Contract labor and equipment. 

7.	 Develop an ongoing environmental monitoring strategy for while the DMS is 
operating. Document appropriately for potential site closure remediation. 

8.	 Perform a final environmental data collection to ensure the property is 
returned as it was accepted. 

9.	 If the DMS is leased, ensure the property is returned and accepted by the 
owner without future action due to environmental contamination. 
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Chapter 9 – Debris Reduction/Recycling Methods and 
Disposal 

Chapter Highlights 
Methods of Reduction  
− Incineration 
− Chipping and Grinding 
− Recycling 
Final Disposition Operations 
Questions to Consider 
To Do Checklist 

Please see Chapter 1, Public Assistance Debris Removal Eligibility and Chapter 2, Costs, for 
eligibility issues to consider in developing the debris management plan. 

Based on the debris forecasting, the planning staff will have a concept of the amount and types 
of debris that will be collected and disposed of.  During this period, the staff may consider 
reduction and recycling methods to lower the overall cost of a debris removal operation.   

Collection Debris Management Sites 

Reduction and Recycling Final Disposal 

Debris Forecasts 

Figure 9.1 – Debris Reduction/Recycling and Final Disposal Component 

Reducing and/or recycling disaster-related debris has financial and environmental advantages.  
These operations can decrease the overall cost of a debris removal operation by reducing the 
amount of material that is taken to a landfill.  This diminishes the cost of final disposition in the 
form of tipping fees. In the case of recycling, potential end-use products for specific markets 
may offset the cost of operations even more.  In many communities, recycling operations are an 
important component of the community public policy and are a priority.  The staff should 
evaluate the types of reduction methods appropriate for the anticipated debris based on 
different disaster scenario events. 

FEMA 325, Public Assistance Debris Management Guide Page 83 



 

 

 
 

 
 

 

 

 

 
 
 
 

 

 

 

 

Chapter 9 – Debris Reduction/Recycling Methods and Disposal 

Methods of Reduction 

The planning staff has three main types of reduction methods to consider and use during the 
operations: incineration, chipping/grinding, and recycling.   

One method or a combination of methods may be utilized as appropriate depending on the type 
and anticipated volume of debris.  The applicant must ensure all Federal, State, county, and 
local laws are followed before any reduction activities begin. 

Incineration 

Burning vegetative debris is a popular reduction method since it has up to a 95 percent 
reduction rate.  Local agricultural extension personnel should be consulted to determine if the 
resulting ash can be recycled as a soil additive. This option should be terminated if mixed 
debris enters the waste stream. 

The incineration process requires a minimum of three steps, to include: 

1.	 Unloading the debris. 
2.	 Moving the debris into an incinerator. 
3.	 Removing the ash from the incinerator to final disposition.  Final disposition may be an 

appropriately constructed area at the DMS or a landfill. 

This process is illustrated in the following figure. 

Figure 9.2 – Flow Diagram for a Burning Operation 
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Chapter 9 – Debris Reduction/Recycling Methods and Disposal 

There are several incineration methods available for volume reduction.   

Uncontrolled Open-Air Incineration is reducing debris with no control over how much or how 
quickly it is allowed to burn.  It is the least desirable method of volume reduction because it 
lacks any type of environmental control.  Applicants may employ this method early in a 
disaster to make progress quickly.  However, if circumstances dictate that open-air burning is 
the only option for managing debris, the applicant should conduct environmental evaluations 
to include air quality monitoring and implement control measures to limit impacts to humans 
and the environment.  This reduction method should be closely monitored to ensure that only 
clean woody debris is incinerated. 

Controlled Open-Air Incineration carefully reduces vegetative debris by burning debris within 
a contained fixed area.  The reduction of clean woody debris presents little environmental 
damage and is cost-effective.   

Air Curtain Pit Incineration offers an effective means to expedite the volume reduction process 
while substantially reducing the environmental concerns caused by open-air incineration.  The 
air curtain incineration method uses a pit constructed by digging below grade or building 
above grade (if a high water table exists) and using a blower unit.  The blower unit and pit 
comprise an engineered system that must be precisely configured to function properly.   

The burning chamber is usually no more than 8 feet wide and 9 to 14 feet deep.  The length of 
the pit varies depending on site size, environmental permitting, and labor/equipment 
limitations. The designs of successful air curtain incinerators used in past disasters are 
presented in the following figures, for reference and planning use only. 

Figure 9.3 - Below-Grade Air Curtain Operation 
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Chapter 9 – Debris Reduction/Recycling Methods and Disposal 

Blower Nozzle 

Figure 9.4 - Above-Grade Air Curtain Operation 

It is important to note that there are no industry standards for air curtain pit design.  The 
applicant should seek knowledgeable personnel who are experienced with air curtain pit 
incinerator design and operating procedures when soliciting expertise to perform incineration 
services. The planning staff should research and solicit qualified personnel to properly train all 
staff that may be operating or maintaining this process.   

Portable Air Curtain Incinerators use the same methods as air curtain pit incinerator systems, 
except that the portable incinerators use a pre-manufactured pit rather than an onsite 
constructed earth/limestone pit.  Portable air curtain incinerators are the most efficient 
incineration systems available because the pre-manufactured pit is engineered to precise 
dimensions to complement the blower system. The pre-manufactured pit requires little or no 
maintenance as compared to earth or limestone constructed pits, which are susceptible to 
erosion. Portable air curtain units are ideal for areas with high water tables and sandy soils as 
well as areas where smoke capacity must be kept to a minimum. 

Environmental and Safety Concerns 

With all of the incineration methods, environmental compliance and safety concerns need to be 
addressed within the plan.  The planning staff must check with appropriate State agencies for 
State-specific requirements.  Setback, permitting, and public information suggestions should be 
included in the plan. 

Setbacks and buffer zones need to be established within and around the reduction sites not only 
for the public safety but also for the safety of the debris operations.  A setback of at least 100 feet 
should be maintained between the debris piles and the incineration area.  It is often suggested 
that 1,000 feet be allowed between the incineration area and the nearest building in order to 
create a generous buffer zone for emergency vehicles, if needed.  The fire should be 
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Chapter 9 – Debris Reduction/Recycling Methods and Disposal 

extinguished two hours before anticipated removal of the ash mound.  The ash mound should 
be removed before it reaches two feet below the lip of the incineration pit.  To prevent 
explosions, hazardous or contaminated flammable material should not be placed in the pit.  
Finally, fencing and signage are simple and effective means to keep the public away from the 
incineration area. 

Smoke generated by any of the above incineration methods is often interpreted by the general 
public as having an environmental impact. Therefore, it is important to also address smoke as 
part of the air monitoring guidelines.  The governing State environmental or forestry agency 
will have guidelines that need to be met in order to acquire and retain a burn permit.   

Planners should take the initiative in keeping the public informed.  Applicant staff, 
environmental groups, and residents should be thoroughly briefed on the incineration methods 
being used, how the systems work, environmental standards, health issues, and the risks 
associated with each type of incineration.  A proactive public information strategy should be 
included in any operation that uses incineration as a primary means of volume reduction.  
Please see Chapter 14, Public Information Strategy for additional information. 

Chipping and Grinding 

The second most common type of reduction method is to chip or grind disaster-related debris.  
Vegetative debris is the most common material reduced by using this method.  The planning 
staff may also employ chipping and grinding methods in reducing rubber and some metals 
prior to being shipped to the recycling facility.  The planning staff will have to investigate the 
opportunities, economics, and equipment in order to determine if this reduction method is 
appropriate for its jurisdiction.   

There are significant differences in volume reduction between chipping and grinding and 
incineration. Incineration reduces the volume by approximately 95 percent, leaving only ash 
residue for disposal.  Chipping and grinding reduces the volume by 75 percent.  Since 25 
percent of the volume remains from chipping and grinding, the benefit of this reduction method 
can be increased by identifying alternate uses of the residual material.  The ability to use 
recycled wood chips as mulch for agricultural purposes, fuel for industrial heating, or in a 
cogeneration plant helps to offset the cost of the chipping and grinding operation. 

If the grinding operation is strictly for volume reduction, the size of the mulch is not important; 
however, mulch to be used for agricultural purposes must be of a certain size and virtually free 
of paper, plastic, and dirt.  Because of shallow topsoil conditions in some locations, mulch is a 
desirable product. In other locations, however, the mulch may become nothing more than a 
landfill product.  The designated debris manager and planning staff should work closely with 
local environmental and agricultural groups to determine if there is a market for mulch. 
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Plastics should be eliminated completely.  To help eliminate contaminants, root rake loaders 
should be used to feed or crowd materials to the chipper or grinder.  Hand laborers should 
remove contaminants prior to feeding the chippers and grinders.   

Bucket-loaders tend to scoop up earth, causing excessive wear to the grinder or chipper.  Shaker 
screens should be used when processing stumps with root-balls or when large amounts of soil 
are present in the woody debris.  The separated soil may be recycled back to the agricultural 
community. 

Equipment 

Grinders are ideal for use at debris storage and reduction sites because of their high-volume 
reduction capacity.  However, a large area is needed to hold the resulting mulch.  Chips or 
mulch should be stored in piles no higher than 15 feet and located so as not to hinder hauling 
operations. Properly locating the grinders is critical for noise and public safety considerations. 

There are numerous makes and models of grinders and chippers on the market.  Tub-grinders 
have production rates ranging from 160 to 340 cubic yards per hour for brush and yard waste.  
Manufacturer-published grinder production logs can be misleading because they reflect only 
the engine hours and ideal rate of production.  These production logs do not take into account 
personnel monitoring or consider varying debris conditions.  Production rates should be 
verified by monitoring operations. 

The reduced debris production output should average 100 to 150 cubic yards per hour when 
debris is moderately contaminated with plastic and dirt and feeding operations are slow.  When 
the debris is relatively clean, the production rates can increase up to 250 cubic yards per hour.   

Brush chippers can be hauled or towed to the site of the downed vegetation and are ideal for 
use in residential areas. Damaged and uprooted trees present significant problems if they are 
pushed to the rights-of-way to wait for eventual pick-up and transport to storage and reduction 
sites. The brush chippers allow the downed trees and limbs to be reduced in place.  The use of 
onsite chippers also allows the material to be used as mulch in the area where it is chipped, 
thereby saving the cost of transporting it. 

Recycling 

Based on the debris management goals and objectives, the decision to recycle disaster debris 
should be made during the planning process.  The planning staff may find that marketing and 
selling the reduced debris is more financially attractive than hauling the unreduced debris to a 
local landfill.   

Processing disaster debris through grinding, shredding, or any other means without an 
understanding of the end uses and market specifications may result in the products becoming 
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unusable for their intended purposes, necessitating disposal of the debris.  For that reason, it is 
incumbent upon applicants to thoroughly research the market opportunities and establish 
criteria to assist emergency personnel in making decisions to recycle certain types of debris.   

Debris management plans should include a list of the types of debris materials that can be 
recycled. The plans should determine end-use products that can be made from disaster debris, 
determine the market demand for each product, identify the product buyers, and when feasible, 
secure the sales of those products prior to an event.   

The debris management plan needs to detail the implementation of the appropriate processing 
technique to achieve the desired end product.  If the applicant uses contracted services to 
process debris, the contract agreements should include the processing specifications so that the 
contractor uses the correct types of equipment to achieve that specification. 

Hurricanes and earthquakes may present opportunities to contract large-scale recycling 
operations and achieve an economic return from some of the contractors who exercise their 
initiative to segregate and recycle debris as it arrives at the DMS or landfill. 

Specialized contractors should be available to bid on disposal of debris by recycling, if it is well 
sorted. Contracts and monitoring procedures should be developed to ensure that the recycling 
contractors comply with local, tribal, State, and Federal environmental regulations. 

Common Recyclable Materials 

Metals - Hurricanes and tornadoes can cause extensive damage to mobile homes, sun porches, 
and green houses.  Most of the nonferrous and ferrous metal debris is suitable for recycling.  
Metal maulers and shredders can be used to shred trailer frames, trailer parts, appliances, and 
other metal items.  Ferrous and nonferrous metals are separated using an electromagnet and 
then sold to metal recycling firms. 

Soil - Debris removal operations may include transporting large amounts of soil to the DMS.  
At the DMS, it may be combined with other organic materials that will decompose over time.  
This procedure can produce significant amounts of soil that can be sold, recycled back into the 
agricultural community, or stored onsite to be used as cover. 

In agricultural areas where chemical fertilizers are used heavily, recovered soil may be too 
contaminated for use on residential or existing agricultural land.  It may be necessary to 
monitor and test the soil to ensure that it is not contaminated with chemicals.  If the soil is not 
suitable for any agricultural or residential use, it may ultimately have to be disposed of at a 
permitted landfill. 
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Chapter 9 – Debris Reduction/Recycling Methods and Disposal 

Concrete, Asphalt, and Masonry Debris - Concrete, asphalt, and masonry products can be 
crushed and used as base material for certain road construction products or as a trench backfill.  
Debris targeted for base materials needs to meet certain size specifications as determined by the 
end user. 

Final Disposition Operations 

The planning staff will need to identify the final disposition site of whole, reduced, or recycled 
debris. The most cost-efficient measure is usually to make use of the applicant’s own or 
normally utilized landfills.  The available space often determines the most appropriate type of 
reduction method to employ.  If local landfills are not adequate, the staff should conduct a 
search of landfills close to the disaster area for disposal. 

County-to-county agreements are sometimes used in order to achieve an equitable solution.  
Some county landfills do not accept waste from other areas and may have stringent rules 
regarding what can be brought into the landfill. 

Landfill tipping fee cost structures become important to the planning staff, especially if debris is 
being taken to a neighboring county.  Tipping fee cost structures include operating and 
maintenance costs, permitting fees, capital improvement costs, and taxes.  The capital 
improvement costs may be directly related to the landfill itself or may be for projects within the 
county. 

Some fees and taxes may be waived for a neighboring governing body.  The planning staff 
should investigate and compare the fees that are truly applicable for its debris disposal strategy. 

  Questions to Consider 

1.	 Do you have a strategy for reduction? 

2.	 Do you currently have a recycling strategy?  Is the jurisdiction considering a 
recycling strategy? 

3.	 Which agency within your jurisdiction would be responsible for developing 
and implementing a recycling strategy? 

4.	 What departments within the State, county, or your organization would be 
responsible for permitting burning or incineration operations? 

5.	 What is your strategy for final disposition? 
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To Do Checklist 

1. Identify potential end use of the reduced or recycled materials.  Identify if the 
end-use materials may represent potential income to offset processing, or 
entail no cost for disposal. 

2. Identify reduction and recycling methods that will be used at the DMS. 

3. Identify how the reduction and recycling activities will be performed: 
a. Force account labor and equipment 
b. Contract labor and equipment 

4. Determine final disposition locations. 
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Chapter Highlights 
Common Misconceptions 
Procurement Considerations 
General Contract Provisions 
Types of Contracts 
− Unit Price Contract 
− Lump Sum Contract 
− Time-and-Materials Contract 
− Prohibited Contracts 
− Contract Matrix 
Questions to Consider 

Please see Chapter 2, Costs, for eligibility issues to consider in developing the debris 
management plan.  This chapter also references information in Chapter 11, Monitoring Debris 
Removal. 

The planning staff may find it necessary to contract for debris removal services if the magnitude 
of the disaster is beyond the capabilities of its force account resources, State resources, mutual 
aid agreements, and volunteer labor.  Possible contracted services include: 

• Collection, including clearance during response phase 
• Reduction or recycling 
• Hazardous waste handling, processing, and disposal 
• Hauling to final disposition 
• DMS activities 
• Demolition 
• Monitoring 
• Environmental studies 
• Project management 

The applicant’s contracting/procurement and legal staff has a major role in this planning 
component of the debris management plan.  The staff should use the debris management plan 
development as an opportunity to familiarize themselves with their contracting procedures, 
particularly with regard to emergency procurements.  In procuring and awarding contracts, the 
applicant should follow its established procurement and contracting procedures.   
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Chapter 10 – Contracted Services 

Common Misconceptions 

Contracts written by contractors often use the FEMA name to gain credibility and give the 
appearance that the work to be performed would be eligible for Public Assistance grant 
funding. Applicants should be aware of the common phrases used by contractors and why the 
statements are false. Three of the most common phrases are: 

1.	 “FEMA-approved contract and rates.”  FEMA does not certify, credential, or 

recommend contractors. 


2.	 “FEMA eligibility determinations.”  Debris contractors do not have the authority to 
make eligibility determinations.  Only FEMA can make an eligibility determination. 

3.	 “FEMA training in eligibility, documentation, and Project Worksheet development 
provided.” These services often have a fee attached.  Most of the training and 
information offered by a contractor is available free from FEMA or the State.   

Applicants may enter into any contractual arrangements they wish.  However, it should be 
noted that FEMA is not bound to applicant contractual obligations because it is not a party to 
those contracts. Applicants are strongly encouraged to work with State emergency 
management staff and FEMA to ensure compliance with the provisions of the Public Assistance 
Program, as well as other applicable statutes and regulations, if the applicant intends to seek 
Public Assistance grant assistance.  The applicant is responsible for payment of its contracted 
services regardless of whether such services are eligible for Public Assistance grant funding.  If 
a contract is in place prior to the applicant’s meeting with FEMA Public Assistance staff, the 
terms of the contract need to be reviewed to ensure compliance with the Federal procurement 
regulations and with the Public Assistance Program eligibility criteria.  By doing so, it becomes 
easier for the applicant to provide FEMA with pertinent documentation to receive Public 
Assistance grant funding.   

Additional information on developing contracts that comply with Public Assistance Program 
requirements is provided in Appendix G, FEMA RP9580.201, Fact Sheet: Debris Removal – 
Applicant’s Contracting Checklist. 

There are two main areas of contracting that the applicant’s staff should review in the contract 
development planning process.  These include procurement procedures and general contract 
provisions. Other provisions and terms are determined by the type of contract being employed 
for a specific service.   

Page 94 	 FEMA 325, Public Assistance Debris Management Guide 



 

 
 

 

 

  

 
 

 
  

 

 
 

 

 
 

 

 

 

Chapter 10 – Contracted Services 

Procurement Considerations 

The applicant’s legal staff needs to review the applicant’s procedures for compliance with 44 
CFR Part 13 requirements, outlined in Chapter 2, Costs and available online through the United 
States Government Printing Office at gpoaccess.gov.   

In the past, some applicants risked losing Public Assistance Program funding when 
procurement procedures were overlooked in the interest of time.  There are methods by which 
applicants can expedite the procurement process without jeopardizing potential grant funding. 
An applicant may use one or more of the following methods to best serve its jurisdiction.   

•	 Pre-drafted contracts – Applicants may draft a contract prior to a disaster event.  Once 
the extent of the disaster is known, the contract can then be finalized with the 
appropriate scope of work and advertised in a timely manner.   

•	 Pre-qualified contractors – Typically, contractors must meet minimum requirements, 
such as insurance, bonding, and licensing, prior to being awarded a contract by an 
applicant. Applicants may advertise a Request for Qualifications (RFQ) for contractors 
to establish their company as a credible candidate for a contract award.  The pre-
qualified contractors on the list are invited to bid on a contract.  The pre-qualified 
contractors can then focus on developing costs rather than assembling documentation in 
order to qualify for bidding.   

•	  Pre-event contracts – The applicant may choose to solicit bids and award contracts in 
non-disaster times.  This allows time for a deliberate procurement process and gives 
applicants flexibility in mobilizing the appropriate resources in anticipation of an event. 

The applicant may expedite procurement procedures for purpose of public exigency; this does 
not mean that competitive proposals are not required.  In many cases, an expedited process 
allows for shorter time frames for receiving competitive bid proposals.  Appendix G, FEMA 
RP9580.4, Fact Sheet: Debris Operations – Clarification: Emergency Contracting vs. Emergency Work, 
explains the emergency contracting procedures provided in 44 CFR Part 13.36(d)(4)(i)(B).   

When soliciting competitive bid proposals, the applicant should be the entity that develops the 
engineering estimate and scope of work for the contract bid solicitation.   

General Contract Provisions 

To protect the applicant’s interests, specific items should be included in the contract to 
minimize potential conflicts with the contractor.  These items include the basis of payment, the 
duration of the contract, the performance measures, an agreement to restore collateral damage, 
a termination for convenience, and a conflict resolution process. 
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Chapter 10 – Contracted Services 

The basis of payment and the payment process should be clearly outlined in the contract.  
Contractor payments should be based on verification of completed work, and the required 
information for the payment request should be included within the provisions of the contract.  
Weight to volume conversion factors should be published in order to further clarify possible 
differences between invoices and payment. 

Basis of payment is usually based on the volume and/or weight of the contractor's loads.  If the 
contract payment is based on volume, specific contract provisions are required to substantiate 
invoices and payment.  These contract provisions need to provide a truck certification process, 
which includes determining the volume of the truck and how it will be identified during the 
recovery operation. Recertification of a truck is usually required if the physical truck 
identification becomes damaged or the volume capacity becomes suspect during operations.  
Additional information regarding truck certification is included in Chapter 11, Monitoring Debris 
Removal. 

Applicants should consider using a progress payment method for contract services.  This 
requires specific documentation from the contractor to verify and validate the completed work, 
support the contractor’s invoices, and receive reimbursement under the Public Assistance 
Program. Typical documentation includes debris monitor reports, truck certification lists, and 
load tickets.  This documentation is discussed in Chapter 11, Monitoring Debris Removal. 

To ensure that debris removal is conducted expeditiously, the contract should include specific 
timelines for work to be completed. The duration of contract should be clearly stated.  By doing 
so, the applicant sets clear expectations for the contractor.  Moreover, the contractor can 
effectively manage resources and schedule work to meet the applicant’s expectations.   

Debris removal activities may impart damage to the local infrastructure, such as broken curbs, 
crushed sidewalks, and broken water meters.  A contract provision should include a 
requirement that the contractor is to restore and/or repair, at the contractors cost, all damaged 
infrastructure back to its pre-existing condition if the damage was caused by their activities. 

The contract should also include contract language for performance measures and a termination 
for convenience and default.  A termination clause allows the applicant the ability to terminate 
the contract if the contractor does not deliver services in the manner delineated in the contract.  
The contract language clauses should be specific as to how performance will be evaluated and 
what would be considered reasons for termination.   

The conflict resolution process should be well defined within the contract.  The process should 
also include alternatives for mediation should an issue prove difficult to resolve.   

To ensure that the contracts are in accordance with the Federal, State, and local procurement 
laws the planning staff should seek guidance from their legal counsel. 
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Chapter 10 – Contracted Services 

Types of Contracts 

There are several types of contracts that can be used for debris operations.  The most common 
types of contracts are unit price, lump sum, and time-and-materials.  Due to the use and 
structure of a specific type of contract, there are specific provisions and documentation 
considerations that should be included to keep costs reasonable and to protect the applicant’s 
interests. Descriptions of the different types of contracts, specific contract provisions, 
monitoring efforts, and documentation requirements are described in this discussion and are 
summarized in a matrix at the end of this chapter.   

Unit Price Contract 

Use and Structure 

The schedule of payment of unit price contracts is based on a set cost for a specific task.   

For example: 

Remove, haul, and dispose of vegetative debris = $X / cubic yard 

or 


Remove and dispose of refrigerant = $Y / appliance. 


Unit price contracts are used when the individual work tasks are known but the total amount of 
work cannot be quantified.  The quantities of work to be completed are estimated by the 
applicant and included in the applicant’s bid solicitation package.  The contractor uses the 
estimated quantities to establish a total contract price.  Units of work can be measured in terms 
of weight, volume, or any other quantifiable measure. 

The estimated quantity of work described in the bid solicitation can be adjusted to reflect a 
more accurate quantity when debris operations are under way and the true extent of the 
disaster is realized.  To keep the price of the contract reasonable, the applicant can eliminate as 
many variables as possible by incorporating detailed specifications in the contract and 
monitoring the contract operations. 

Contract Provisions 

Developing specifications for unit price contracts requires a full understanding of all the 
particular tasks that are required to complete the work to the applicant’s satisfaction. 
Applicants should clearly define the individual tasks and activities that are required to 
accomplish the scope of work when soliciting bids.  These may include the collection, 
transportation, and incineration of vegetative debris; extraction of refrigerants; grinding of 
debris; or special handling of hazardous wastes. 
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The estimated quantities of each type of debris that will be collected and clear descriptions of 
how each is to be handled or processed should be included in the specifications.  The 
solicitation should incorporate special sections for hazardous and special wastes, if applicable.  
If the applicant intends to market processed debris for certain end uses, the bid specifications 
should describe the end user’s product specifications in detail. 

The applicant’s bid solicitation and the final contract documents should include details on how 
the applicant will monitor the contractor’s work and how the applicant’s monitoring 
information will be used to verify the contractor’s costs and payment. 

Lump Sum Contract 

Use and Structure 

Lump sum contracts are used when the scope of work can be easily identified and quantified.  
These bid requests include a set of specifications that have a well-defined scope of work for a 
finite amount of time. For example: 

Haul 250 tons of mulched debris from 1000 N Debris Road to applicant landfill at 
3450 S Main Street = $XX,YYY. 

Two common uses of a lump sum contract define how the debris is to be collected, by 
geographical area or by "passes." 

The area method defines the geographical boundary in which the debris is to be 
collected. By providing geographical boundaries, the quantity of debris may be 
forecasted or estimated based on topography and land use. 

The pass method describes the number of times debris will be collected from the 
curbside within a specified geographical boundary.  Limiting the number of passes for 
an area keeps the scope of work known. 

The advantage of a lump sum contract is that the total price for the specified work is known at 
the time the bids are opened.   

Contract Provisions 

Although contractors usually present one total price in their bids, applicants should request a 
breakdown of costs for each item of work activity in the bid specifications so that if additional 
work is necessary during the term of the contract, the applicant can easily determine the cost for 
that work based on the unit cost.  By requesting unit costs, the applicant can determine whether 
the contractor included costs for contingencies in the fixed price and if all costs are reasonable.   
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Chapter 10 – Contracted Services 

The bid specifications for a lump sum contract take more effort to write in comparison with 
other methods, but may reduce change orders during contract execution.  The specifications 
should include every work activity that will be required, the exact quantity of debris to be 
removed, or the specific number of passes that will be required, to collect all debris. 

If recycling is part of the scope of work, the bid specifications should include a list of debris 
materials that are expected to be recycled. The contract should also specify who owns the 
recycled materials and how the revenue from the sale of the recycled materials affects the 
contract cost. 

Time-and-Materials Contract 

Use and Structure 

Time-and-materials contracts are used when the scope of work necessary to achieve an outcome 
is unknown. 

A typical use of time-and-materials contracts for debris is during the response phase of the 
debris removal operations when an applicant needs additional labor and equipment resources 
to clear emergency routes.  A time-and-materials contract establishes hourly rates for labor and 
equipment that will be used to perform specific tasks.  For example: backhoe, with loader, 1 cy 
bucket, with operator = $50 / hour. 

The contractor is paid based on the actual time spent to perform the specified tasks and for the 
usage of equipment. The contractor is also paid for the actual cost of materials that are used 
during operations. 

Contract Provisions 

Solicitation for a time-and-materials contract should include descriptions of the types of work 
items that would be required inclusive of debris removal, debris processing, and recycling. 

Normally, a time-and-materials contract identifies the classification of each worker and a skill 
level. The equipment rate schedule lists the type of equipment and the hourly rate.  The hourly 
rates for equipment should include the operator, fuel, and maintenance costs.  A provision 
should state that the applicant only pays for the time the equipment is in operation.  
Mobilization and standby costs should not be invoiced at the hourly equipment rate.  Public 
Assistance grants do not fund standby or idle-time costs. 

Applicants should establish the maximum number of hours the contractor can work or set a 
ceiling for the contract to control costs when using a time-and-materials contract.  FEMA 
generally limits the Public Assistance grant reimbursement cost of a time-and-materials contract 
to 70 hours of actual work.  FEMA may provide a Public Assistance grant for a time-and-
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Chapter 10 – Contracted Services 

materials contract that has been extended for a short period of time, but only under extreme 
extenuating circumstances. 

Intense monitoring of time-and-materials contracts is extremely important.  Work inspection 
reports should be prepared each day.  These reports clearly state the amount of work 
accomplished that day in quantitative terms, such as the number of cubic yards of debris 
hauled, the type and number of trucks used, and the number of hours worked.   

Load tickets may be used if debris is being hauled based on cubic yards under a time-and-
materials contract as a way of checking contractor efficiency. 

Applicant personnel should verify the certification of work performed and copies of the 
inspection reports should be furnished to the contractor to expedite the submittal of invoices for 
payment. 

Time-and-materials contracts are usually terminated once the maximum number of hours or 
price cap is reached.  Contract provisions should include the applicant’s right to terminate a 
contract at its discretion. An applicant should terminate the time-and-materials contract when a 
more cost-effective contract is awarded for the remainder of the debris removal operations.   

Time-and-materials contracts are the least preferred among contracts, and they are typically 
used only for initial emergency work or when there are complex life-saving activities that are 
dependent on the removal of debris.  Again, FEMA generally limits reimbursement of time-and-
materials contracts to the first 70 hours of actual work.  The use of a time-and-materials contract 
for longer than 70 hours may impact the amount of reimbursement the applicant receives.   

Prohibited Contracts 

In accordance with 44 CFR Part 13.36(f)(4), cost plus percentage of cost contracts shall not be 
used. Use of such contracts may result in FEMA limiting the grant to an amount determined to 
be reasonable based on the eligible work performed.   

Contracts that are awarded by an applicant to debarred contractors are prohibited pursuant to 
44 CFR 13.35; thus, no Federal funding can be awarded for eligible work completed. 

Contract Matrix 

A summary of the aforementioned contracts and their associated characteristics is provided as a 
reference in the following matrix. 
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Chapter 10 – Contracted Services 

Unit Price Contract Summary Matrix 

Type of 
Contract 

Structure 
and Use 

Required 
Provisions Advantages Disadvantages Monitoring  Documentation  

Uses units of 
measure (cubic 
yards, tons, each) 
and prices to 
develop line item 
costs and total 
contract costs 

Specific 
documentation 
requirements, 
based on 
quantifiable 
units, such as 
load tickets, 
and payment 

Scope of work 
may be 
adjusted easily 
at a known 
cost 

Possibility of 
contractor 
fraud if 
operations are 
not closely 
monitored 

Labor 
intensive 

Load ticket system 

U
N

IT
 P

R
IC

E

Used when scope 
of work is difficult 
to quantify.  The 
bid proposals are 
based on 
applicant-
estimated 

Accurate 
account of 
actual 
quantities 
when work is 
complete 

Trucks require 
measurement 
and loads 
accurately 
documented 

Monitors at 
collection points 
and where the 
debris is unloaded 
(DMS or final 
disposition) 

quantities and 
units of work 

Simplicity of 
contract 
encourages 
competition 

Low risk for 
contractors 

Segregated 
curbside 
collection may 
complicate the 
scope of work 

Figure 10.1 – Unit Price Contract Summary Matrix 
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Chapter 10 – Contracted Services 

Lump Sum Contract Summary Matrix 

Type of 
Contract 

Structure 
and Use 

Required 
Provisions Advantages Disadvantages Monitoring  Documentation  

LU
M

P 
SU

M
 

A
ll 

Lu
m

p 
Su

m

Establishes a 
fixed contract 
based on the 
applicant scope 
of work specified 
in the bid 
solicitation  

Used when the 
scope of work is 
clearly defined by 
the applicant, 
including 
quantity, type, 
and location of 
debris 

Specific 
process for a 
change order 
request, exact 
quantity of 
debris, and 
types of 
debris. 
Provision to 
cover if the 
collection or 
unloading 
location 
changes after 
the contract is 
awarded 

Cost is 
established at 
the bid 
opening 

Easy to 
determine 
when the work 
is complete 

Scope of work 
must be very 
specific to avoid 
change orders 

Often difficult to 
quantify debris 
and identify the 
types of debris 
requiring collection 

Minimum Amount of debris 
collected, reduced/ 
recycled, and 
disposed will be 
required to 
establish 
reasonable price 

C
ol

le
ct

io
n 

- A
re

a 
M

et
ho

d 

Used when a well 
defined area can 
be provided for 
bidding purposes 

Specific 
process for a 
change order 
request, exact 
quantity of 
debris, and 
types of 
debris. 

 Provision to 
cover if the 
collection or 
unloading 
location 
changes after 
the contract is 
awarded 

Scope of work has 
to be accurately 
quantified to 
minimize change 
orders 

Estimating the 
amount of debris 
to be brought to 
the rights-of-way 
difficult to 
determine 

High probability of 

Minimum  Amount of debris 
collected, reduced/ 
recycled, and 
disposed will be 
required to 
establish 
reasonable price

change orders if 
estimates are 
based on 
speculation 

C
ol

le
ct

io
n 

- P
as

s 
M

et
ho

d 

Defines how 
many times a 
curbside 
collection will be 
completed on a 
particular street 
or through a well 
defined area 

Specific 
process for a 
change order 
request, exact 
quantity of 
debris, and 
types of 
debris. 

 Provision to 
cover if the 
collection or 
unloading 
location 
changes after 
the contract is 
awarded 

Possibility of 
fewer change 
orders since 
the scope of 
work is better 
defined 

Average 
management 
duties 

Up-to-date street 
information and 
plans to be 
included in the 
scope of work 

Requires 
cooperation of the 
public to place 
only eligible debris 
at the curb and 
participate in 
segregating 
materials 

Minimum Amount of debris 
collected, reduced/ 
recycled, and 
disposed will be 
required to 
establish 
reasonable price

Intense public 
information 
campaign 

Figure 10.2 – Lump Sum Contract Summary Matrix 
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Chapter 10 – Contracted Services 

Time-and-Materials Contract Summary Matrix 

Type of 
Contract 

Structure 
and Use 

Required 
Provisions Advantages Disadvantages Monitoring  Documentation  

Paid on an 
hourly rate for 
labor, 
materials, and 
equipment 

Capped by the 
period of 
performance 
and/or 
monetary 
ceiling 

Good for 
response 
activities 

Requires close 
contractor 
oversight and 
direction as to 
work to be 
performed 

Labor 
Intensive 

Intense 

TI
M

E-
A

N
D

-M
A

TE
R

IA
LS

 

A known 
quantity of 
work is not 
established 
prior to the 
contractor 
beginning 
work 

Price for 
equipment 
applies only 
when the 
equipment is in 
use 

Hourly rate for 
equipment 
includes fuel, 
maintenance, 
and repair 

Bids should 
include all 
overhead costs 

Specific hours 
the contractor 
is to perform 

Extremely 
flexible; not 
limited by a 
specific scope 
of work 

Range of uses; 
appropriate 
clearance of 
major access 
routes or roads 
to critical 
facilities 

Requires 
documentation 
of actual hours 
worked by 
equipment and 
operators 

Reasonable 
hourly rates may 
be difficult to 
establish if not 
competitively bid 

Equipment 
specifications 
may have to be 
generalized in 
order to 
encourage 
competition 

Requires full-
time trained 
monitors to 

Actual labor 
and equipment 
must be 
accounted for 
during entire 
performance 
period 

work 
(to ensure 
monitoring staff 
is present to 
document 
activity) 

document work 
completed and 
verify hours 
worked 

No guarantee 
of a minimum 
number of 
hours 

If multiple 
contracts are 
awarded, the 
period of 
performance 
should run 
concurrently 
rather than 
consecutively 

Figure 10.3 – Time-and-Materials Contract Summary Matrix 
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Chapter 10 – Contracted Services 

To assist applicants in identifying and contacting contractor resources, an online debris 
contractor registry tool is available on FEMA’s website, fema.gov.  The information provided in 
the registry is maintained by contractors and their representatives.  FEMA does not verify and 
takes no responsibility for the accuracy of any of the information submitted.  FEMA does not 
endorse, approve, or recommend any contractors, including those in the registry.  Applicants 
should perform all appropriate due diligence prior to entering into a contract.  Contracting with 
any of the entities listed in the registry does not assure an applicant of reimbursement under a 
Federal grant. Applicants should follow their competitive procurement procedures when 
selecting a contractor. 

  Questions to Consider 

1.	 Do you have in-place debris contracts prepared? 

2. 	 Do you have a list of local pre-qualified contractors? 

3.	 Can you use components of existing contracts, such as garbage collection or 
roadway time-and-materials contracts for disaster debris clearance, removal, 
or disposal? 

4.	 What departments within your agency would be required to prepare the 
debris management bid documents and contracts? 
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Chapter 11 – Monitoring Debris Removal 


Chapter Highlights 
Debris Monitoring Staff 
− Force Account Resources 
− Outsourcing Monitoring Duties 
Debris Monitor Roles 
Monitoring Methods for Debris Removal 
− Debris Monitor Reports 
− Truck Certification List 
− Load Ticket System 
Special Monitoring Issues 
− Equipment 
− Monitoring Tips 
Questions to Consider 
To Do Checklist 

Please see Chapter 1, Public Assistance Debris Removal Eligibility, Chapter 2, Costs, Chapter 3, 
Debris Removal from Public Property, and Chapter 4, Private Property Debris Removal and 
Demolition of Private Structures, for eligibility issues to consider in developing the debris 
management plan. 

Debris monitoring procedures should be established and included in the debris management 
plan for the applicant’s financial interest, especially if the applicant has contracted for any 
component of the debris removal operation.  Monitoring debris removal operations achieves 
two objectives: 

• Verifying that the work completed by the contractor is within the contract scope of work 

• Providing the required documentation for Public Assistance grant reimbursement   

Failure to document eligible work and costs may jeopardize Public Assistance grants.  In 
Federally declared disasters, FEMA periodically validates the applicant’s monitoring efforts to 
ensure that eligible debris is being removed and processed efficiently.   

Only FEMA has the authority to make eligibility decisions; contractors cannot make eligibility 
determinations. Information on eligibility can be found in this document, FEMA 321 – Public 
Assistance Policy Digest, FEMA 322 – Public Assistance Guide, and FEMA 323 – Public Assistance 
Applicant Handbook. 
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Chapter 11 – Monitoring Debris Removal 

Debris Monitoring Staff 

Applicants can use force account resources, contractors, or a combination of both to monitor 
debris removal operations.   

Force Account Resources 

Applicants are encouraged to use their own employees to monitor debris removal operations.  
The applicant’s employees are the most familiar with the jurisdiction and know the priorities of 
the applicant’s debris management plan.  Force account employee costs are reimbursed based 
on the Public Assistance Program’s labor cost policies for emergency work.   

Outsourcing Monitoring Duties 

In some cases the monitoring task is outsourced to a contractor.  As with any contractual 
arrangement, the applicant must ensure that the contractor is meeting the performance 
requirements of the contract.  If a contractor is hired to perform a monitoring task, the applicant 
is required to ensure that the hired contractor performs satisfactorily.   

If the applicant outsources a monitoring task, the contract must be awarded to a contractor who 
has no vested interest in the debris removal contract or contractor.  There must be no conflict of 
interest between the monitoring contractor and the debris removal contractor.   

When soliciting for debris monitoring contracts, the advertisement should outline the required 
qualifications of the debris monitors.  The qualifications should be appropriate for the 
individual responsibilities and duties.  Debris monitors should have experience working on 
construction sites and be familiar with safety regulations, but it is not necessary to have 
professional engineers and other certified professionals perform these duties.  Primarily, debris 
monitors should be able to estimate debris quantities, differentiate between debris types, 
properly fill out load tickets, and follow all site safety procedures.   

The specifications should outline possible monitoring locations and reporting requirements to 
document eligible debris quantities.   

Monitoring contracts are typically time-and-materials and should contain a not-to-exceed clause 
per the requirements of 44 CFR Part 13.  The applicant should ensure the level of monitoring 
and overhead claimed is consistent with the level of effort required to effectively monitor the 
debris removal operations.   

It is important that the debris monitoring contract provide for submission of reports and 
payment estimates to help promote efficiency and effectiveness in the overall debris removal 
operations. By continuously monitoring the debris removal operations, an applicant can track 
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Chapter 11 – Monitoring Debris Removal 

progress toward completion and determine the financial status of the monitoring and debris 
removal contracts.   

Applicants should require debris monitors to submit the following reports: 

•	 Debris collected from curbside and/or collection centers 
•	 Debris accepted at the DMS and/or final disposition 
•	 Debris recycled/reduced at the DMS and taken to final disposition  
•	 Any operational or safety issues 

If FEMA provides funding for the debris monitoring contract, a sample of the reporting 
requirements outlined in the contract in order to substantiate eligible costs is required.  The 
sample must be adequate to demonstrate that sufficient measures were taken to ensure that 
eligible and accurate quantities were reported as part of the grant.  If the monitoring contract is 
time-and-materials, the applicant must supply labor, equipment, and materials records to the 
Public Assistance Program staff in order to substantiate the actual costs of the grant. 

Debris Monitor Roles 

Monitoring operations are meant to ensure that the debris removal contractor is performing the 
scope of work required by the contract, and to document the debris removal operations.  The 
primary role for debris monitors is to document the location and amount of debris collected.   

The key elements of information that are needed to verify the contractor’s scope of work and 
determine eligibility are the: 

•	 Type of debris collected 
•	 Amount of debris collected 
•	 Original collection location 

From this information the applicant can document eligible location and work completed.   

The debris monitor’s roles and responsibilities in the field include: 

•	 Measure and certify truck capacities (recertify on a regular basis). 

•	 Complete and physically control load tickets (in monitoring towers and the field). 

•	 Validate hazardous trees, including hangers, leaners, and stumps (use appropriate 
documentation forms). 

•	 Ensure that trucks are accurately credited for their load. 

•	 Ensure that trucks are not artificially loaded to maximize reimbursement (e.g., debris is 
wetted, debris is fluffed - not compacted). 
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Chapter 11 – Monitoring Debris Removal 

•	 Ensure that hazardous waste is not mixed in with loads. 

•	 Ensure that all debris is removed from trucks at the DMS. 

•	 Report to project manager if improper equipment is mobilized and used.  

•	 Report to project manager if contractor personnel safety standards are not followed. 

•	 Report to project manager if general public safety standards are not followed. 

•	 Report to project manager if completion schedules are not on target. 

•	 Ensure that only debris specified in the scope of work is collected and identify work as 
potentially eligible or ineligible. 

•	 Monitor site development and restoration of the DMS. 

•	 Ensure daily loads meet permit requirements. 

•	 Ensure that work stops immediately in an area where human remains or potential 
archeological deposits are discovered. 

•	 Report to project manager if debris removal work does not comply with all local 

ordinances as well as State and Federal regulations. 


The applicant is responsible for ensuring that applicant-managed debris removal work (either 
force account or contract) being funded under the Public Assistance Program is eligible in 
accordance with Public Assistance Program criteria.   

Applicants may request State/FEMA assistance with debris monitoring or monitor training.   

Monitoring Methods for Debris Removal  

Additional documentation requirements depend on how the debris is collected and processed.  
The following describes methods and systems to monitor and document work completed by 
force account resources and/or contractors.   

The planning staff should develop tools for their documentation duties.  It is suggested that all 
three of the following tools be used to document all types of debris removal contracts – unit 
cost, lump sum, and time-and-materials contracts.   

Debris Monitor Reports 

Applicants should develop a debris monitoring report to make all reporting documents 
consistent regardless of who performs the work.  An example of a debris monitor’s report is 
supplied in Appendix D, Sample Monitoring Forms. Applicants are not required to use this 
report; however, they should have a reporting document that captures the types of information 
if seeking Public Assistance reimbursement. 
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Chapter 11 – Monitoring Debris Removal 

The debris monitoring report is important for monitoring time-and-materials contracts that may 
be used during the response phase of the operations.  Monitoring documentation for time-and-
materials contracts includes: 

• Actual labor hours worked 
• Actual equipment hours operated 
• Type and specification of equipment used 

The labor and equipment summary records provided in Appendix C, FEMA Forms, are often 
used by applicants as a starting point for their specific documentation needs and contract 
requirements. 

Truck Certification List 

A truck certification list allows the monitor to identify the truck itself and its hauling capacity in 
a standardized manner.  It is important to know the truck hauling capacity since debris, 
specifically vegetative debris, is often hauled and billed by volume.  The standard list of 
requirements includes: 

• Size of hauling bed in cubic yards 
• License plate number 
• Truck identification number assigned by the owner  
• Short physical description of the truck 

Monitors may need to be trained to measure truck capacities for certification purposes.  
Recertification of the hauling trucks on a random and periodic basis should be implemented for 
contract compliance and reimbursement considerations. See Appendix D, Sample Monitoring 
Forms, for an example truck certification worksheet. 

Load Ticket System 

The term “load ticket” refers to the primary debris-tracking document.  A load ticket system 
tracks the debris from the original collection point to the DMS or landfill.  By positioning debris 
monitors at each point of the operations (collection, DMS, and/or final disposition), the eligible 
scope of work can be properly documented.  This is how the applicant documents and tracks 
the debris from the initial collection location to the DMS and final disposal location.  If the 
applicant uses a contract hauler, this ticket often verifies hauling activities and is used for billing 
purposes. 

Traditionally, load tickets have been carbon paper tickets with at least four copies generated for 
one load of debris.  More advanced tracking tools have been developed and used in the field to 
reduce human error and expedite funding.  These computer-based systems often include the 
same information as a traditional load ticket.   
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Chapter 11 – Monitoring Debris Removal 

Each monitor is responsible for populating specific areas of the load ticket.  The following table 
lists the load ticket information and the portions of the ticket to be completed by the respective 
monitor. 

Monitor Ticket Responsibilities 

Load Ticket Information Collection Point Monitor 
DMS or Landfill 

Monitor 
Preprinted ticket number NOT APPLICABLE 
Contract number 
Prime contractor’s name 

Contracts may be identified by a number or name 

Date X 
Truck number X 
Truck driver’s name X 
Vegetation X 
Construction & Demolition X 
White Goods  X 
Household Hazardous Waste X 
Other (required to be described applicable) X 
Load Location GPS or address preferred 
Loading date/time (departure from collection 
location) X 

Loading Site Monitor name/signature X 
Truck capacity in cubic yards or tons X 
Load Size, either cubic yards (percent of actual) 
or tons X 

Unloading location X 
Unloading date/time (arrival at disposal site) X 
Unloading site monitor name/signature X 

Figure 11.1 – Debris Monitor Responsibilities for Load Tickets 

Each monitor keeps a copy of the load ticket, and the driver/contractor keeps two copies for 
billing purposes. 

In computer-based systems, the collection monitor gathers the same information as in a 
traditional paper load ticket system and inputs this information into a handheld digital device.  
The collection monitor gives the hauler the information in a digital format (card or small 
driver).  The monitor, stationed at the DMS or landfill, downloads the information, and 
completes the transaction in a manner similar to the traditional method.  The monitor, stationed 
at the DMS or landfill, can then print a ticket for the hauler’s billing purposes. 
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Chapter 11 – Monitoring Debris Removal 

Special Monitoring Issues 

The issues described below highlight the need for an applicant to closely monitor large 
contracted debris clearance, removal, and disposal activities.  The issues focus on some of the 
problems associated with major debris disposal contracts and justify the need to monitor 
activities at local debris management and final disposal sites.  It is essential that applicant’s staff 
work to ensure that the debris removal contractors perform the required services at a reasonable 
cost. 

Equipment 

The most typical unit measurement for vegetative and construction and demolition debris is the 
cubic yard.  Debris trucks are evaluated for capacity at the DMS or final disposal sites.  
Applicants should require contractors to use appropriate equipment to load debris efficiently so 
that the maximum level of compaction can be achieved to facilitate expeditious removal of 
debris from the public rights-of-way.   

The photos below illustrate the capacities to which a truck may be loaded.   

Figure 11.2 - 100% Loaded Truck Figure 11.3 - Less Than 100% Loaded Truck 

Equipment limitations impact the maximum loading capacity of some vehicles.  The following 
is a list of truck conditions and the eligible capacities. 

Hand-loaded trucks and trailers cannot achieve compaction levels comparable to mechanically-
loaded vehicles. This effectively reduces the capacity of the hand-loaded truck or trailer in 
comparison to a truck or trailer that is loaded mechanically.  Therefore, FEMA only reimburses 
50 percent of the debris monitor’s observed capacity percentage for a hand-loaded truck or 
trailer. 

Example:  If a hand-loaded truck or trailer appears to be 100 percent full and would normally be 
recorded at 100 percent, that load should be recorded at 50 percent.   
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Chapter 11 – Monitoring Debris Removal 

Figure 11.4 – Hand-Loaded Trailer 

A truck with no tailgate or no solid tailgate cannot be compacted to its full capacity; therefore, 
FEMA only considers a maximum of 85 percent of the certified truck capacity for 
reimbursement purposes. 

      Figure 11.5 – Truck With No Tailgate Figure 11.6 – Truck With No Solid Tailgate 

Also, hand loading debris in trucks or trailers does not achieve maximum compaction and as a 
result debris removal operations take longer to complete.  A hand-loaded truck hauls less debris 
by weight per cubic yard than a mechanically loaded truck. 

Applicants should be aware of the differences between hand loading and mechanical loading 
when negotiating unit costs and should establish standard conversion factors in the contract 
agreements to address those differences.  Refer to Appendix G, FEMA RP9523.12, Debris 
Operations - Hand-Loaded Trucks and Trailers, for additional information about hand-loaded 
trucks and trailers. 
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Chapter 11 – Monitoring Debris Removal 

Monitoring Tips 

Monitors should be aware of situations that could impact an applicant’s reimbursement under 
the Public Assistance Program.  They should be on the lookout for: 

Inaccurate Truck Capacities - Trucks should be measured before operations and load 
capacities should be documented by truck number.  Periodically, trucks should be pulled out of 
operation and re-measured by the applicant. 

Trucks Not Fully Loaded -  Do not accept the contention that loads are higher in the middle 
and if leveled would fill the truck.  Monitors may check to see if that statement is valid. 

Trucks Lightly Loaded - Trucks arrive loaded with treetops (or a treetop) with extensive voids 
in the load. Trucks need to be loaded to their full capacity with front end loaders or other 
similar equipment. 

Trucks Overloaded -  Trucks cannot receive credit for more than the measured capacity of the 
truck or trailer bed even if material is above the sideboards.  If a truck is measured to carry 18 
cubic yards, it cannot receive credit for more than 18 cubic yards.  However, it can receive credit 
for less if not fully loaded or lightly loaded as described above. 

Changing Truck Numbers - Normally, trucks are listed by an assigned vehicle number and 
capacity. There have been occasions where truck or trailer numbers with a smaller carrying 
capacity have been changed to one with a larger capacity.  For instance, a 20-cubic-yard truck 
may have a number for a truck that can carry 30 cubic yards.  This can be detected if the 
applicant periodically re-measures the trucks or records actual State license plate numbers in 
addition to a description of the truck.  Maintaining truck and trailer certifications with attached 
photos at the DMS tower can assist in mitigating such activities. 

Reduced Truck Capacity or Increased Truck Weight - There have been occasions where trucks 
have had heavy steel grating welded two to three feet above the bed after being measured, thus 
reducing the capacity or inflating the weight of a load.  This can be detected by periodically re-
measuring the truck bed or recertifying the truck tare weight. 

Wet Debris When Paid by Weight - Excessive water added to debris will increase the weight of 
the load. When the contractual unit cost is based on weight, this increases the cost to the 
applicant. Contractors have added excessive water to debris loads to increase the weight when 
being paid by the ton. This can be detected during monitoring if there is excessive water 
dripping from the truck bed or by inspecting the truck bed immediately after unloading.  The 
applicant should periodically recertify the truck tare weight. 

Multiple Counting of the Same Load - Trucks have been reported driving through the disposal 
site without unloading, then re-entering with the same load. This can be detected by observing 
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Chapter 11 – Monitoring Debris Removal 

the time of departure and time of arrival recorded on the driver’s load ticket.  This may also 
indicate problems with the applicant’s debris monitors at the loading or unloading site.  The 
debris monitors at the unloading area must ensure the truck is empty before it leaves the DMS. 

Picking up Ineligible Debris - This is difficult to detect unless debris monitors are watching the 
pick-up process. Monitors should have a good understanding of eligible debris and any time 
limits imposed on picking up specific types of debris.  Examples (from actual occurrences) 
include sweeping areas for abandoned cars and white goods, cleaning up illegal dump sites, 
removing cut trees from subdivisions under development, and removing/cutting trees from off 
the rights-of-way in rural areas. 

Questions to Consider 

1. 	 Do you have a process or a strategy for hiring and training debris monitors?  
If not, who should develop this strategy? 

2. 	 Do you have access to a local labor force qualified to perform these 
functions? 

3. 	 What jurisdictional department will coordinate these efforts? 

4.	 Do you have monitoring report procedures and forms established? 

To Do Checklist 

1. 	 Evaluate and identify staff that will lead the monitoring operations.   

2.	 Identify if additional labor will be required for the monitoring operations and 
how they will be trained. 

3.	 Establish a record management system to be implemented during a disaster 
event. The record management system will include:  

a 	 Labor and equipment timesheets 

b.	 Labor and benefit rates 

c.	 Personnel pay policy 
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d.	 Invoices 

e.	 Load tickets 

f.	 Load ticket summaries 

g.	 All other field documentation that may be required for eligibility 
considerations. 

h.	 Staff to organize labor and equipment timesheet 
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Chapter 12 – Planning for Private Property Debris Removal 
and Demolition 

Chapter Highlights 
Labor Resources 
Condemnation Criteria and Procedures 
− Legal Documentation for Demolition 
− Demolition Permitting 
− Inspections 
Special Use Areas 
− Mobile Home Park Procedures  
− Navigation Hazard Removal 
Questions to Consider 
To Do Checklist 

Private property debris removal (PPDR) and/or demolition is not common.  Public jurisdictions 
may undertake PPDR and demolition in extreme cases where public health, life, safety, and the 
economic recovery of the community-at-large are at risk.  The planning staff should establish 
procedures for this type of work in the event this becomes necessary.  The planning effort for 
PPDR and demolition includes the following: 

• Criteria for implementing PPDR and demolition operations 
• Documentation requirements and procedures 
• Inspection and demolition procedures 

Throughout the planning process, the staff needs to establish how the private property owner 
will be included in decisions and operations.   

Appendix G, FEMA DAP9523.13, Debris Removal from Private Property, and FEMA DAP9523.4, 
Demolition of Private Structures, set forth the FEMA eligibility criteria and requirements that the 
planning staff should consider when developing the PPDR and demolition strategy. 

Labor Resources 

Demolition and debris removal from private property is an extremely document- and labor-
intensive operation. The planning staff is responsible for assigning tasks to the appropriate 
departments and labor forces. 

Typically, the building safety or inspection section takes the lead during these operations, with 
the administrative staff collecting and logging all of the required documents.  The planning staff 
may consider employing temporary personnel or contractors for any portion of the operation. 
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Chapter 12 – Planning for Private Property Debris Removal and Demolition 

Condemnation Criteria and Procedures 

When an applicant assumes the responsibility to demolish structures, it must comply with its 
normal condemnation procedures.  This normally requires a building safety official to contact 
the homeowner and assess and determine building structural integrity.   

The applicant’s normal building safety assessment should be used for the disaster 
condemnation criteria as well.  Typically, any building or structure may be condemned if the 
building official determines that it represents a hazard to the health and safety of the public or 
poses a threat to public rights-of-way.  Following that determination, the applicant would then 
initiate condemnation proceedings.  

Usually, owner notification and condemnation hearings are held in order to give the property 
owner time to correct the threat without government action.  In some cases, liens are secured in 
order for jurisdictions to enforce the condemnation order.  In this case, if the applicant performs 
the work, executing liens against the property allows the applicant to recoup the costs of 
demolition and debris removal from the property owner.  

The applicant’s normal procedures that require multiple notices to property owners, 
condemnation hearings, and liens may be expedited in the event of a catastrophic disaster that 
causes a high concentration of debris on private property over a widespread area presenting an 
immediate health and safety hazard. 

In the event of a disaster, it is helpful to have the applicant’s laws, regulations, legal notices, and 
forms within the debris management plan, for reference and use.  The planning staff should 
review the condemnation criteria and procedures for the benefit of the debris management 
plan. 

Legal Documentation for Demolition 

An applicant usually has standard procedures that apply to its condemnation process.  During 
the planning process, the applicant may have its legal counsel review and update any 
documents for inclusion within the plan.   

The following is a general list of documents that may be included in the plan. 

•	 Verification of ownership ensures that the proper site and owner are identified and the 
owner is aware of nature of the scheduled building assessment. 

•	 A right-of-entry form is signed by the homeowner and allows the building official to 
enter the property to complete the assessment.  It often contains a hold harmless 
agreement that documents the property owner’s promise that he or she will not bring 
legal action against the applicant if there is damage or harm done to the property.   
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•	 Building official assessment is the documentation of the damage to the structure and 
the description of the threat to public health and safety.  This assessment often contains 
the building official’s determination as to whether the structure should be condemned 
and whether it should be repaired or demolished.  This may be an official structural 
assessment. 

•	 Verification of insurance information allows the applicant to pursue financial 
compensation if the property owner’s homeowner insurance policy covers demolition 
and debris removal. 

•	 Archeological review outlines the archeological low-impact stipulations for demolition 
and debris removal activities and highlights the implications for the applicant if they fail 
to comply with the guidelines. 

•	 Environmental review ensures that adverse impacts to protected environmental 
resources are minimized or avoided when removing debris from the proposed site.  
These reviews should be acceptable to the appropriate resource agency.  Wetlands and 
other water resources, hazardous materials, and endangered species habitats are among 
the resources of most frequent concern.  Some jurisdictions may also have State or local 
requirements for the evaluation or assessment of impacts to natural resources. 

•	 SHPO review confirms that SHPO has been notified and correspondence has been 
received absolving the area of any historic significance. 

•	 Photos that show the disaster-damaged condition of the property prior to the beginning 
of the demolition work.  This is generally one or more labeled pictures that confirm the 
address and identified scope of work on the property. 

If it is determined that a structure needs to be demolished, additional documentation may be 
required, not only for the applicant’s legal protection, but also for the public’s health and safety 
during the demolition and debris removal operations.   

•	 Letter or notice of condemnation is a document signed by the building official that 
outlines the specific threat to public safety and health.   

•	 Notice of demolition is issued to inform the property owner when the demolition will 
begin; notices shall be posted so as to provide a reasonable period of time in order for 
personal property to be removed. The applicant should attempt to notify the property 
owner, if not already contacted, through direct mail and local media.   

•	 Notice of intent to demolish is normally for the public health and safety of the 

neighboring residents. This notice is conspicuously posted on the structure to be 

demolished.
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Demolition Permitting 

Applicants may have a demolition permitting process in place.  The planning staff may want to 
use those demolition permit requirements during a disaster-related demolition project.   

Common requirements for obtaining a demolition permit include a demolition plan, public 
notification, inspection requirements, and a hazardous waste report. 

The demolition strategy may require the following information: 

1.	 Site map, to scale, showing the site with all structures and other features of interest. 

2.	 Site ingress and egress showing the fronting streets and planned route for the project.  
This may also include a movement of traffic strategy.  Normal traffic will need to be 
diverted into other lanes.   

3.	 Site preparation documents illustrate any pre-demolition work that may be required.  
Examples include erosion control, vegetation removal, or utility pole adjustments. 

4.	 Staging strategies show the sequence of events prior to, during, and after demolition of 
the structure. 

5.	 Hazardous waste handling requirements detail if contents of the structure require dust 
suppression or wet demolition. These provisions also describe how hazardous waste or 
environmentally sensitive materials will be handled or disposed.  This includes HHW 
and white goods.  Asbestos requires specialized removal, handling, and disposal 
personnel and permits. 

Special documents or strategies may be required if the demolition of the building involves 
shoring, stabilizing structures, or any other special circumstances that may jeopardize another 
structure or the public’s health and safety.   

Once it has been established that the building is to be demolished and the required processes 
are underway, a notification to demolish notice is posted on the building. 

Inspections 

The applicant normally conducts regular inspections of demolition sites a few days prior to, the 
day of, during (occasionally), and upon completion of the operations.  Inspectors generally take 
photographs at each site visit for their records.  These inspections and verifications generally 
include the following: 

1.	 Water and sewer/septic tank inspection to verify the utilities have been terminated and 
isolated from the proposed sphere of influence during the demolition operations.  The 
inspector normally verifies that all other utilities have been terminated during the same 
visit. 
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Chapter 12 – Planning for Private Property Debris Removal and Demolition 

2.	 Occupancy inspection is conducted immediately prior to demolition to ensure that no 
one is physically in the building.   

3.	 Open void inspection is performed if the structure has a basement that is to be filled.  
This inspection will be conducted once the above-grade structure is gone and the 
inspector can visually see the entire below-grade excavation.   

4.	 Post-demolition inspection is completed once the structure is demolished, the debris is 
removed, and the site graded. 

The applicant usually requires that a hazardous materials report be submitted to the State 
environmental protection agency.  This report normally includes a description of any hazardous 
material that was found in the building, the means and measures to collect it, and the final 
disposal location of the hazardous waste. 

A checklist that may be used for demolition activities is available in Appendix F, Demolition 
Checklist. 

Special Use Areas 

The discussion so far has pertained to fairly low density situations, such as single-family homes 
or businesses on individual sites.  Planning staff may need to consider specific areas of their 
jurisdiction that require additional planning and coordination for debris operations.  Mobile 
home parks and navigation hazards present intense and sometimes complicated obstacles for 
the debris operations. 

Mobile Home Park Procedures 

Higher density situations, specifically mobile home parks, create an extensive amount of mixed 
debris in a relatively small area. The planning staff may consider the same procedures for 
individual sites as a basis to be used in mobile home parks but should expect a more intense 
operation in all accounts of the operation. 

The most complex aspect of the operation may be documenting legal responsibility within the 
parks. Sometimes the mobile home park site is owned, operated, and maintained by one or 
more parties. The individual homes may be owned by one of those same parties or by the 
individuals that occupy the structures. 

As part of the planning exercise, the planning staff may investigate the legal responsibility for 
debris issues within the mobile home parks within its jurisdiction.  The applicant should 
coordinate the potential PPDR and demolition operations with the park owners in order to 
expedite recovery after an event. Agreements need to be made with respect to the debris 
collection, location, separation of materials, and the amount of debris expected to be handled.   
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Navigation Hazard Removal 

Damage to publicly-owned marinas caused by a major disaster can include abandoned sunken 
boats and other debris that may impede navigation.  The procedures used for individual sites 
may be modified for this situation. 

The applicant should coordinate with USCG, the State marine patrol, local government 
agencies, legal counsel, marine salvage contractors, commercial divers, and certified surveyors 
to ensure that navigation hazards are removed safely and efficiently.   

The two main challenges with navigation hazards are locating the debris and finding legal 
owners. Marinas can be inspected visually by a helicopter or boat.  Sonar or dive teams may 
need to be employed for submerged vessels.  A location or flotation marker may be helpful in 
order to keep vessel positions documented.  The legal owner’s information may be obtained by 
using the vessel’s registration number and marina records.  

  Questions to Consider 

1.	 How do your laws, codes, and ordinances address entering and 

condemning private property? 


2.	 What are your emergency police powers as they relate to demolishing 
private property? 

3.	 Who is responsible for enforcing the existing laws, codes, and ordinances 
with regard to private property? 

4.	 How do you (the applicant) protect yourself from legal action when 
taking action on private property? 

To Do Checklist 

1.	 Review, assess, and revise laws, codes, and ordinances to address emergency 
demolition activities. 

2.	 Assign a primary point of contact to manage the demolition and private 
property debris removal operations. 
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Chapter 13 – Health and Safety Strategy 

Applicants should include a health and safety strategy in the overall debris management plan. 
This enables applicants and their contractors to avoid accidents during debris recovery 
operations and to protect workers from exposure to hazardous materials.  The health and safety 
strategy should establish minimum safety standards for the applicant and contractor personnel 
to follow. 

To facilitate cooperation between applicant and contractor employees, the health and safety 
strategy should specify how the applicant will disseminate safety information to all emergency 
workers and how the applicant will monitor compliance with the minimum safety standards.  
The strategy should also include specific corrective actions to be taken if workers do not comply 
with the minimum safety standards. 

The health and safety strategy should identify potential hazards at debris loading areas and 
DMS. Debris operations involve the use of heavy equipment to move and process various types 
of debris. Many of these actions can pose safety hazards to emergency response and recovery 
personnel and the public. In addition to those safety hazards, exposure to certain types of 
debris, such as building materials that contain asbestos and mixed debris that contains 
hazardous materials, can pose potential health risks to emergency workers. 

The health and safety strategy should provide emergency workers with information on how to 
identify hazardous conditions and specific guidelines on the appropriate and proper use of 
personal protective equipment. 
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Chapter Highlights 
Assignment of Tasks 
Information to be Included 
− Collection 
− Debris Management Sites 
Distribution Strategy 
− Update and Redistribution 
− Debris Information Center 
To Do Checklist 

After a disaster, residents want answers regarding recovery operations.  The goal of the public 
information strategy is to ensure that the residents are given accurate and timely information 
for their use and own individual planning purposes.  If information is not distributed quickly, 
rumors and misinformation spread and erode confidence in applicant management of the 
recovery operations. 

Assignment of Tasks 

The public information strategy should assign staff the following tasks: 

•	 Prepare information to be distributed. 

•	 Process to distribute the information. 

•	 Process to update, correct, revise, and redistribute information as operations progress. 

•	 Establish a debris information center or a venue to address all concerns, questions, and 
complaints. 

Information to be Included 

The information should include the parameters, rules, and guidelines of debris operations so 
residents can begin their personal recovery activities.  The staff responsible for developing and 
writing the information must present the information in a clear, direct, and organized manner.  
The language used must be simple and easy for all residents to understand.  Jargon and 
acronyms only lead to confusion and are ineffective.  Information may have to be distributed in 
more than one language for it to be understood by non-English-speaking populations and 
neighborhoods. 
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Chapter 14 – Public Information Strategy 

The public information campaign answers the same questions addressed during the debris 
management planning process.  The following is a list of topics that should be included within 
the campaign. 

Collection 

How will the debris be collected?   

If curbside collection: 

•	 Will applicant employees or a contractor collect the debris? 
•	 What are the schedules and the routes for collection? 
•	 What is the final collection date for streets, sectors, or subdivisions? 
•	 What type of debris will be collected? 

If collection centers: 

•	 Where are the collection centers? 
•	 What are the daily collection center hours? 
•	 Is debris to be segregated at the collection centers? 
•	 What types of debris will be accepted at the centers? 
•	 How long will the collection centers accept disaster-related debris? 

Debris Management Sites 

A collection center and a DMS may be the same site.  If so, the same information for the 
collection centers above applies to the DMS, along with: 

•	 Where can a resident find a site map of the DMS for public debris drop off of HHW, 
construction and demolition debris, etc?  Are these areas segregated and well marked 
for vehicular traffic? 

•	 Will residents be charged a fee to use the DMS? 

•	 Will residents be restricted as to how much disaster-related debris can be dropped off at 
the DMS? 

•	 Will the DMS have burning, chipping, or grinding operations?  If so, during which 
hours will these activities take place?  Address any environmental concerns the public 
may have as well. 

•	 How long will residents be able to bring their disaster-related debris to the DMS? 

•	 How long will the DMS be open to process (reduce/recycle) debris? 

•	 Are there traffic changes that will impact the general public due to the location or 
operation of the DMS? 
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Distribution Strategy 

The public information strategy should include its methods to disseminate the prepared 
information to the general public.  This can be accomplished in a number of ways. The 
following are suggested vehicles for distributing the information: 

•	 Media – Local television, radio, newspapers, or community newsletters. 

•	 Internet Site – Applicant website and debris information flyers for printing. 

•	 Public Forums – Interactive meetings at town hall or shopping mall kiosks. 

•	 Direct Mail Products – Door hangers, direct mail, fact sheets, flyers within billings, and 
billboards. 

The public information staff must take advantage of every information vehicle available if 
power, utilities, and other infrastructure have been damaged.  Many times the best carriers of 
information are the responders in the field.  The general public recognizes their role and 
frequently asks questions regarding the operations.  Stocking the equipment and trucks with 
flyers, pamphlets, and other print media allows responders to perform their duties while also 
satisfying the public’s need for information. 

Update and Redistribution 

Residents hold community leaders responsible for misinformation and slow progress if 
information is not routinely updated to remain current and accurate.  The planning staff must 
consider how the public information strategy addresses changes and revisions as the debris 
removal operations progress. The changes in operations directly affect how often information 
to the general public is distributed.   

During the early stages of the operations, the applicants may rely on the immediate 
transmission of the information, such as through radio and television, to update the general 
public regarding the debris removal operations. Once the operations become more routine and 
predictable, the information can be distributed through the print media, such as newspapers, 
mailings, and flyers. 

Debris Information Center 

Applicants should establish a temporary debris information center to address concerns and 
complaints, and answer questions that are not included in the public information campaign at-
large. The platform for the debris information center may be personal interactions at city hall, a 
telephone hotline, internet site, or a specific post office box. Regardless of the venue, it is 
important for applicants to address the residents’ concerns, complaints, and questions in a 
timely and efficient manner. 
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The feedback from the information center gives the management staff an indication of how 
effective and efficient the operations are progressing.  The management staff may use this 
information to adjust operations appropriately.  

The debris information center may also be utilized to report fraud.  Disaster victims want a full 
and quick recovery and have little tolerance of being taken advantage of during an already 
trying time.  The ability to report fraud and crime is important to the public’s feeling of safety 
and well being when the applicant’s law and code enforcement agencies are stretched thin.  
Applicants should take advantage of residents’ eyes and ears after a disaster event and provide 
an outlet for reporting crime and fraud within the recovery operations.   

To Do Checklist 

Assign staff to: 

1. Prepare debris removal operations information. 

2. Establish a process and strategy to distribute the information. 

3. Update, correct, revise, and redistribute information as operations progress. 

4. Establish and staff a debris information center. 
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Part III – Federal Government Operations 

Introduction 

Part III describes the Public Assistance staff organization and the other Federal agencies’ debris-
related roles and responsibilities for disaster events. 

FEMA’s Public Assistance staff will assemble a debris management team for the size and scope 
of the disaster.  This team is responsible for providing debris-related technical assistance to 
applicants and managing the Public Assistance grant process.  Chapter 15, FEMA Public 
Assistance Operations, describes the staff organizational structure and the roles and 
responsibilities of each staff member.   

Chapter 16, Other Federal Assistance, provides an overview of additional Federal agencies’ roles 
and responsibilities for disaster-related debris activities.  This chapter also describes FEMA 
Mission Assignments that may be tasked to other Federal agencies.   
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Chapter Highlights 
Public Assistance Organizational Structure 
Public Assistance Staff Roles and Responsibilities 
– Infrastructure Branch Director 
– Public Assistance Group Supervisor 
– Public Assistance Debris Task Force Leader 
– Public Assistance Coordinator Crew Leader 
– Public Assistance Debris Technical Specialist 
– Public Assistance Debris Monitoring Specialist 
– Additional Support for the Public Assistance Organization 
Debris Operations Strategy 

FEMA’s Public Assistance Program goal during recovery operations is to supply staff and 
technical support to the applicants for the timely, efficient, and accurate production of Public 
Assistance grants.  This is accomplished by the Public Assistance staff fulfilling their established 
roles and responsibilities and following the disaster-specific Debris Operations Strategy.  

This chapter gives an overview of the organizational structure used by the Public Assistance 
organization, a summary of roles and responsibilities for the Public Assistance debris staff, and 
a general outline of the Debris Operations Strategy that will be developed by the debris 
management team. 

Public Assistance Organizational Structure 

FEMA Public Assistance follows a staffing organization called Incident Command System (ICS) 
that allows the Public Assistance organization to expand and contract depending on need.  ICS 
defines the nomenclature, roles, and responsibilities of the staff members in order to ensure 
consistency across disasters.  The following organization chart illustrates one example of staff 
organization under ICS. 
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Chapter 15 – FEMA Public Assistance Operations 

Infrastructure Branch  Director 

PA Task Force Leader PA Debris Task Force 
Leader (DTFL) 

PA Group Supervisor 

Technical Support Task 
Force Leader Admin Task Force Leader 

PA Debris 
Technical 
Specialist 

PA Debris 
Monitoring 
Specialist 

PAC Crew Leader 

PAC Crew Leader 

Environmental and 
Historic Specialist 

Legal Advisor 

External Affairs 
Specialist 

Figure 15.1 – Example Public Assistance Organization Chart 

Public Assistance Staff Roles and Responsibilities 

The amount of staff depends on the size and severity of the disaster.  The Public Assistance staff 
roles and responsibilities are outlined in the descriptions below.   

Infrastructure Branch Director 

The Infrastructure Branch Director coordinates the restoration of essential public services and 
administers the Public Assistance Program.  The Infrastructure Branch Director is responsible 
for: 

•	 Identifying cross-programmatic issues and facilitating coordinated problem solving 
among the Program areas  

•	 Requesting assistance outside of the Public Assistance Program to include supplemental 
Federal assistance in the form of Mission Assignments, to be completed by supporting 
Federal agencies 
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Public Assistance Group Supervisor 

The Public Assistance Group Supervisor manages the overall Public Assistance Program.  The 
Public Assistance Group Supervisor is responsible for: 

•	 Identifying major debris issues and applicants with potential debris problems based on 
the Preliminary Damage Assessment (PDA) and in coordination with the State Public 
Assistance Group Supervisor 

•	 Ensuring and approving the development of a Public Assistance Debris Operations 
Strategy 

•	 Obtaining staffing resources to assist in managing debris operations (e.g. a Public 
Assistance Debris Task Force Leader and an appropriate number of Public Assistance 
Debris Technical Specialists and Public Assistance Debris Monitoring Specialists) 

•	 Providing the Debris Task Force Leader with guidance and direction on problems, 
procedures, and policies pertaining to debris operations 

•	 Coordinating debris-related Mission Assignments 

•	 Advising the Infrastructure Branch Director on potential debris issues 

•	 Allocating and approving the proper funding levels 

Public Assistance Debris Task Force Leader 

It is the responsibility of the Public Assistance Debris Task Force Leader (DTFL) to manage the 
debris operations under the direction of the Public Assistance Group Supervisor.  The DTFL is 
responsible for: 

•	 Ensuring that a Debris Operations Strategy is developed and implemented 

•	 Providing applicants with technical assistance by conducting technical reviews of debris 
management plans and contracts to document compliance with the requirements of the 
Public Assistance Program eligibility criteria 

•	 Assigning personnel to assist the applicant in developing the eligible debris scope of 
work for Public Assistance grants 

•	 Coordinating with the Legal Advisor to review proposed debris-related contracts 
provided by applicants 

•	 Managing all debris field staff 

•	 Ensuring all of the debris field staff are properly trained 

•	 Providing Public Assistance Coordinator Crew Leaders with information concerning 
procedures and policies pertaining to debris operations 

•	 Coordinating debris-related Mission Assignments 
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Chapter 15 – FEMA Public Assistance Operations 

•	 Reporting all potential debris issues to the Public Assistance Group Supervisor 

•	 Compiling and submitting reports on debris operations to the Public Assistance Group 
Supervisor and the Infrastructure Branch Director 

Public Assistance Coordinator Crew Leader 

A Public Assistance Coordinator (PAC) Crew Leader is a customer service manager who works 
with the applicants to ensure that all applicants’ Public Assistance grants are processed as 
efficiently as possible. The DTFL and Public Assistance Debris Technical Specialist keep the 
PAC Crew Leader informed of debris eligibility concerns.  The PAC Crew Leader is responsible 
for: 

•	 Serving as an applicant’s single point of contact concerning eligibility considerations and 
Public Assistance grant status 

•	 Coordinating and communicating with the Public Assistance Debris Technical Specialist 
and DTFL for the assigned applicants’ debris issues 

•	 Identifying debris issues during the Kickoff Meeting 

•	 Educating the applicant on the availability of Public Assistance grants for debris 

operations 


•	 Assisting the applicant in establishing priorities 

•	 Managing resources and coordinating with debris staff on Public Assistance Program 
issues 

Public Assistance Debris Technical Specialist 

The Public Assistance Debris Technical Specialist provides applicants technical assistance and 
support for debris management issues and for the applicants’ debris Public Assistance grants. 
The Public Assistance Debris Technical Specialist is responsible for: 

•	 Estimating quantities of debris 

•	 Collecting monitoring information from the Public Assistance Debris Monitoring 

Specialists in the field 


•	 Formulating, developing, and writing the Public Assistance grants 

•	 Recommending eligibility of debris projects within the Public Assistance grants 

•	 Managing the Public Assistance Debris Monitoring Specialists 

•	 Informing the PAC Crew Leader and DTFL of potential debris issues 

•	 Supplying debris-related reports and progress updates to the DTFL 
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Chapter 15 – FEMA Public Assistance Operations 

Public Assistance Debris Monitoring Specialist 

The Public Assistance Debris Monitoring Specialist is responsible for monitoring and 
documenting debris removal activities in accordance with the debris monitoring strategy, and 
issues that may impact compliance with the rules and regulations that pertain to FEMA-funded 
activities. The Public Assistance Debris Monitoring Specialist is specifically responsible for: 

•	 Recording quantities of debris accurately on load tickets and other documentation that 
may be outlined in the Debris Operations Strategy 

•	 Completing reports such as daily logs, load tickets, incident reports, periodic reports, 
photographs, and sketches 

•	 Coordinating with the applicant and contractor on daily operations 

•	 Supplying completed paperwork 

•	 Requesting necessary resources from the Public Assistance Debris Technical Specialist 

Additional Support for the Public Assistance Organization 

Other support may be available to assist the Public Assistance Group Supervisor and DTFL 
with technical, legal, and information issues. 

•	 Environmental and Historic Specialists provide technical assistance to Public 
Assistance staff, management, and the applicant on environmental and historic 
preservation considerations for debris operations.  These specialists research 
environmental and historic preservation compliance regulations and requirements 
for Public Assistance staff and applicant briefings.  They coordinate with the PAC 
Crew Leader and Public Assistance Debris Technical Specialist to conduct site visits 
in order to identify potential environmental and historic preservation site 
considerations. Additional tasks include recommending eligibility determinations 
and supplying cost estimates for environmental and historic preservation 
compliance. Environmental and Historic Specialists provide documentation, 
comments, and recommendations for any Public Assistance grant that may have 
environmental and/or historical preservation issues that could impact the grant 
funding. 

•	 Legal Advisors provide legal review and recommendations on issues that may 
impact the Public Assistance grant process, along with interpretation of Public 
Assistance regulations and policies.  They review proposed and active debris 
contracts, right of entry permits, and hold harmless agreements.  The legal advisors 
also provide counsel to the Public Assistance staff on such issues as land acquisition, 
condemnations, insurance requirements, liability, duplication of benefits, and 
environmental and historic preservation.   
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Chapter 15 – FEMA Public Assistance Operations 

•	 External Affairs Specialists are responsible for all of the Public Assistance 
communications to outside media outlets including newspapers, radio, television, 
and the internet.  The External Affairs Specialists coordinate with the Infrastructure 
Branch Director, Public Assistance Group Supervisor, and DTFL to clearly 
communicate debris policy, decisions, and initiatives. 

Debris Operations Strategy 

The most common tool used to accomplish FEMA’s Public Assistance debris operations goal is 
the development and implementation of a Debris Operations Strategy. The Debris Operations 
Strategy is used to identify issues, assign the appropriate amount of staff, and report progress 
throughout the recovery efforts.  It is a dynamic document meant to be updated to reflect the 
ongoing progress of the recovery operation and document debris-related decisions. 

The DTFL is responsible to ensure the Debris Operations Strategy is written and implemented 
accordingly.  The size and severity of the disaster dictates how detailed the strategy should be.  
Most strategies include the following key elements: 

1. Situational analysis 

2. Estimated quantities of debris, which may include specific types of debris 

3. Specific debris-related eligibility issues, to include identification and resolutions 

4. Concept of operations, to include staffing, goals, and reporting 

5. Outline of Public Assistance grant development and routing process within the 
Public Assistance field office 

6. Mission Assignment reporting and any other interagency coordination processes (if 
applicable) 

7. Safety strategy for debris operations.  	Appendix E, Debris Collection and Management 
Site Hazard Analysis, contains information on safety considerations. 
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Chapter 16 – Other Federal Assistance 


Chapter Highlights 
Authorities of Federal Agencies 
− United States Army Corps of Engineers 
− United States Coast Guard 
− United States Department of Agriculture’s Natural Resources Conservation 

Service 
− Environmental Protection Agency 
− Federal Highway Administration 

FEMA Mission Assignments 
− Federal Agencies that Perform Mission Assignments 
− Requirements 
− Process 
− Types of Mission Assignments 
− Scope of Work 
− Costs 

Federal assistance may be available from other Federal agencies and departments in two 
different ways: 

1. Another Federal agency is invested with the authority to address various aspects of 
debris-related work; 

2. FEMA tasks another Federal agency or department with a debris-related Mission 
Assignment to accomplish the work. 

These two types of assistance are distinct and separate.  For example, the USCG has the 
authority to coordinate the removal of navigational hazards within their jurisdictional 
boundaries; therefore, the USCG would not be issued a FEMA Mission Assignment to complete 
the same work. 

This chapter provides a general description of some of the Federal agencies and departments 
that provide debris-related work and provides a summary of Mission Assignments. 

Authorities of Federal Agencies 

There are Federal agencies and departments, other than FEMA, that have the authority to 
remove debris and/or coordinate and manage debris-related activities for their specific 
jurisdiction. 
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Chapter 16 — Other Federal Assistance 

The following describes several Federal agencies’ normal responsibilities and their debris-
related authority and/or jurisdiction. 

United States Army Corps of Engineers 

USACE’s mission is to provide design and management services for the construction of military 
facilities for the army and air force; design and construction management support for other 
defense and Federal agencies; and planning, design, construction, and operation of water 
resource and other civil works projects.  USACE’s authorities for debris-related activities 
include: 

•	 Developing projects for the collection and removal of drift and debris from publicly 
maintained commercial harbors and from land and water areas immediately adjacent 
thereto. 

•	 Continuing debris collection programs for five specific harbors of the United States. 

•	 Removing sunken vessels or other obstructions from navigable waterways under 
emergency conditions. 

Please see Appendix G, FEMA RP9524.3, Policy for Rehabilitation Assistance for Levees and Other 
Flood Control Works - Decision Tree, for further information. 

United States Coast Guard 

USCG is a military, multi-mission, maritime service within the Department of Homeland 
Security and one of the nation's five armed services.  USCG has five fundamental roles:  
maritime safety, maritime security, maritime mobility, national defense, and protection of 
natural resources. 

USCG is tasked to conduct the following debris-related activities in coordination with EPA: 

•	 Conduct emergency removal of oil and hazardous materials from coastal zones. 

•	 Coordinate removal of navigational hazards.  

•	 Provide technical assistance on contaminated debris in coastal zones. 

United States Department of Agriculture’s Natural Resources Conservation 
Service 

NRCS, formerly called the Soil Conservation Service, provides technical and financial assistance 
to private land owners, land users, communities, and units of State and local governments in 
planning and implementing conservation systems in an effort to conserve soil, water, and other 
natural resources. 
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Chapter 16 — Other Federal Assistance 

NRCS is limited in its authority in that debris-related activities are limited to either runoff 
retardation or soil erosion prevention in response to a sudden impairment in the watershed 
which creates an imminent threat to life or property.  Typically, this includes debris within, or 
close proximity to, a channel. 

Environmental Protection Agency 

EPA’s role is to establish minimum regulatory standards that are, in most cases, implemented 
by the State, and to provide technical assistance. EPA administers other laws as well that may 
impact the management of debris.   

EPA’s primary authorities related to debris removal fall into two categories: 

•	 Cleaning up debris that is mixed with or contains oil or hazardous materials in 

coordination with the USCG. 


•	 Establishing a standard for proper management of debris. 

Federal Highway Administration 

FHWA provides Federal financial resources and technical assistance to State and local 
governments for constructing, preserving, and improving the National Highway System.  
FHWA has an Emergency Relief (ER) Program to support the repair or reconstruction of 
Federal-aid highways and roads on Federal lands which have suffered damage as a result of 
natural disasters or catastrophic failures from an external cause. 

FHWA’s authority for debris-related activities is limited to debris removal and disposal within 
their jurisdiction when the ER Program is activated. 

Please see Appendix G, FEMA RP9580.202, Fact Sheet: Debris Removal – Authorities of Federal 
Agencies, for additional information. 

FEMA Mission Assignments 

When an impacted State or local government does not have the capability required to respond 
to a Presidentially declared disaster, a request for Technical or Direct Federal Assistance may be 
made. The approved request is called a Mission Assignment.  A Mission Assignment is a work 
order issued by FEMA to another Federal agency directing completion of a specific assignment 
in anticipation of, or response to, a Presidential declaration of a major disaster or emergency. 

Federal Agencies that Perform Mission Assignments 

FEMA-issued Mission Assignments are performed by teams established by the National 
Response Plan (NRP).  The NRP is a structured strategy that aligns Federal agencies and 
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Chapter 16 — Other Federal Assistance 

departments to respond to disasters.  These Federal teams are called Emergency Support 

Functions (ESF). 

There are two ESFs that perform debris-related activities under FEMA Mission Assignments: 


•	 ESF #3 – Public Works and Engineering is responsible for infrastructure protection, 
emergency repair, and restoration. This group provides engineering services and 
construction management, and serves as a critical infrastructure liaison.  USACE is 
the lead agency for ESF #3. 

•	 ESF #10 – Oil and Hazardous Material Response is responsible for responding to oil 
and hazardous material issues, environmental safety, and short- and long-term 
cleanup. The two most commonly deployed agencies that deal with these debris-
related activities are EPA and USCG. 

Requirements 

All Mission Assignments have the following requirements: 

•	 The Mission Assignment must be requested by the State. 

•	 The community must demonstrate that the required disaster-related efforts exceed 
State and local resources. 

•	 The scope of work must include specific quantifiable measurable tasks. 

•	 FEMA issues mission assignments. 

Process 

The process to request and utilize Mission Assignments is as follows: 

•	 The community demonstrates the work is beyond its capabilities.   

•	 The State makes a formal request to FEMA for the Mission Assignment. 

•	 FEMA reviews the request, and if approved, assigns it to a Federal agency. 

•	 FEMA assigns qualified staff to coordinate and monitor the Mission Assignment 
activities. 

•	 The assigned agency performs the scope of work included within the Mission 
Assignment. 

•	 The assigned agency submits a bill to FEMA upon completion. 

•	 FEMA informs the State of the required cost share. 
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Chapter 16 — Other Federal Assistance 

Types of Mission Assignments 

There are two types of Mission Assignments related to debris operations: Technical Assistance 
and Direct Federal Assistance. 

Technical Assistance 

Technical Assistance Mission Assignments are available when the State, tribe, or local 
community lacks technical knowledge or expertise to accomplish an eligible task.  Technical 
assistance may be authorized in anticipation of a declaration of a major disaster or emergency.  
Eligible debris-related assistance provided through Technical Assistance includes assisting the 
State and/or applicants in the development of its overall debris management plan, and may 
include developing DMS plans, monitoring strategies, load ticket processes, and contracting 
guidelines. Technical Assistance is provided at 100 percent Federal share. 

Direct Federal Assistance 

Direct Federal Assistance Mission Assignments allow a Federal agency to perform debris 
activities on behalf of the State or applicant.  Direct Federal Assistance Mission Assignments 
apply only to Emergency Work (debris removal and emergency protective measures) and must 
meet the general FEMA eligibility criteria for Emergency Work.  Federal agencies must comply 
with all applicable regulations, laws, policies, requirements, and procedures.  

An additional requirement for Direct Federal Assistance is that the State must provide a letter 
giving the Federal agency debris removal authority. 

Scope of Work 

In order to prepare the scope of work for a Mission Assignment, the community must provide 
information to the State about the specific geographic locations or easily definable areas where 
debris is located as well as estimated types and volumes of debris.  The scope of work should be 
defined for FEMA’s consideration.  

Eligible debris-related activities provided by Direct Federal Assistance include: 

•	 Removing debris from critical roadways and facilities. 

•	 Removing debris from curbsides or from eligible facilities and hauling it to either 
temporary or permanent disposal sites. 

•	 Identifying, designing, operating, and closing DMS. 

•	 Monitoring debris removal operations. 

•	 Demolishing and/or removing disaster-damaged structures and facilities in 
accordance with FEMA regulations and policies. 
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Chapter 16 — Other Federal Assistance 

The duration of Mission Assignments for debris removal is limited to 60 days from the disaster 
declaration date. The time frame may be extended only under extenuating circumstances 
pursuant to 44 CFR Part 206.208(d). 

Costs 

Direct Federal Assistance Mission Assignments are subject to the cost-sharing provisions 
applicable to the disaster.  The State will agree in advance to reimburse FEMA for the 
appropriate non-Federal share of the work including the overhead of the Federal agency 
assigned the Mission Assignment. 

100 Percent Funding for Direct Federal Assistance 

In some cases, the President may authorize 100 percent Federal funding for emergency work or 
debris removal.   

FEMA will provide at 100 percent Federal share the cost of actual debris clearance and/or 
removal accomplished, not Mission Assignment task orders initiated, during the designated 
period. This includes debris clearance, pickup, hauling, processing, and disposal activities 
FEMA authorizes during the designated period.  If further Federal assistance is necessary for 
debris clearance or removal after the designated period, the prevailing cost-share rate for that 
particular disaster applies.   

See FEMA RP9523.9, 100% Funding for Direct Federal Assistance and Grant Assistance, for 
additional information. 
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Acronyms 


C&D Construction and Demolition 
CBRA Coastal Barrier Resources Act 
CBRN Chemical, Biological, Radiological, and Nuclear 
CBRS Coastal Barrier Resources System 
CFR Code of Federal Regulations 
CWA Clean Water Act 
CZMA Coastal Zone Management Act 
DMS Debris Management Site 
DOT Department of Transportation 
DPW Department of Public Works 
DRM Disaster Recovery Manager 
DTFL Debris Task Force Leader 
EO Executive Order 
EPA Environmental Protection Agency 
ER Emergency Relief 
ESA Endangered Species Act 
ESF Emergency Support Function 
FEMA Federal Emergency Management Agency 
FHWA Federal Highway Administration 
GIS Geographic Information System 
GPS Global Positioning System 
HHW Household Hazardous Waste 
HUD Department of Housing and Urban Development 
IA Individual Assistance 
ICS Incident Command System 
JFO Joint Field Office 
NEPA National Environmental Policy Act 
NHPA National Historic Preservation Act 
NRCS Natural Resources Conservation Service 
NRP National Response Plan 
OCC Office of Chief Counsel 
PA Public Assistance 
PDA Preliminary Damage Assessment 
PNP Private Non-Profit 
PPDR Private Property Debris Removal 
PW Project Worksheet 
RCRA Resource Conservation and Recovery Act 
RFQ Request for Qualifications 
SHPO State Historic Preservation Officer 
SWM Solid Waste Management 
USACE United States Army Corps of Engineers 
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USCG United States Coast Guard 
USDA United States Department of Agriculture 
WMD Weapon of Mass Destruction 
WSRA Wild and Scenic Rivers Act 
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Terms Used in This Document 

Chipping or Mulching - The process of reducing woody material, such as lumber and 
vegetative debris, by mechanical means into small pieces to be used as mulch or fuel. Woody 
debris can be reduced in volume by approximately 75 percent, based on data obtained during 
reduction operations. The terms “chipping” and “mulching” are often used interchangeably. 

Construction and Demolition Debris (C&D) - The definition of construction and demolition 
debris may vary between States. Construction and demolition debris can be defined as 
damaged components of buildings and structures such as lumber and wood, gypsum 
wallboard, glass, metal, roofing material, tile, carpeting and floor coverings, window coverings, 
pipe, concrete, fully cured asphalt, equipment, furnishings, and fixtures. 

Debris - Items and materials broken, destroyed, or displaced by a natural or man-made 
Federally declared disaster. Examples of debris include, but are not limited to, trees, 
construction and demolition material, and personal property. 

Debris Clearance - Clearing roads by pushing debris to the roadside to accommodate 
emergency traffic. 

Debris Management Site (DMS) - A location where debris is sorted, processed, reduced in 
volume, and/or disposed of (if debris management activities take place at a permanent disposal 
site). 

Debris Removal - Picking up debris and taking it to a debris management site, composting 
facility, recycling facility, permanent landfill, or other reuse or end-use facility. 

Demolition - The act or process of reducing a structure, as defined by State or local code, to a 
collapsed state. It contrasts with deconstruction, which is the taking down of a building while 
carefully preserving valuable elements for reuse. 

Force Account Labor - Labor performed by the applicant’s permanent, full time, or temporary 
employees. 

Garbage - Waste that is regularly picked up by an applicant.  Common examples of garbage are 
food, packaging, plastics, and papers. 

Hazardous Waste - Waste with properties that make it potentially harmful to human health or 
the environment. Hazardous waste is regulated under the Resource Conservation and 
Recovery Act (RCRA). In regulatory terms, a RCRA hazardous waste is a waste that appears on 
one of the four hazardous wastes lists or exhibits at least one of the following four 
characteristics: ignitability, corrosivity, reactivity, or toxicity.   
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Hold Harmless - Generally, a contractual arrangement whereby one party agrees to hold the 
other party without responsibility for damage or other liability incurred as a result of a 
particular action or transaction. 

Household Hazardous Waste (HHW) - Used or leftover contents of consumer products that 
contain chemicals defined in regulatory terms under the Resource Conservation and Recovery 
Act as appearing on one of the four hazardous waste lists or exhibiting one of the following 
characteristics: ignitability, corrosivity, reactivity, or toxicity.  Examples of household 
hazardous waste include small quantities of normal household cleaning and maintenance 
products, latex and oil based paint, cleaning solvents, gasoline, oils, swimming pool chemicals, 
pesticides, and propane gas cylinders. 

Infectious Waste - Waste capable of causing infections in humans, including contaminated 
animal waste, human blood and blood products, isolation waste, pathological waste, and 
discarded sharps (needles, scalpels, or broken medical instruments). 

Legal Responsibility - In the context of debris management, a statute, formally adopted legal 
code, or ordinance that gives local government officials responsibility to perform work on 
public and/or private property. 

Debris Monitoring - Actions taken by applicants in order to document eligible quantities and 
reasonable expenses during debris activities to ensure that the work complies with the contract 
scope-of-work and/or is eligible for Public Assistance grant reimbursement. 

Mutual Aid Agreement - A written understanding between communities and States obligating 
assistance during a disaster.  See FEMA RP9523.6, Mutual Aid Agreements for Public Assistance 
and Fire Management Assistance. 

National Response Plan (NRP) - A plan developed to facilitate the delivery of all types of 
Federal assistance to States following a disaster.  It outlines the planning assumptions, policies, 
concept of operations, organizational structures, and specific assignments and agencies 
involved in Federal assistance to supplement State, tribal, and local efforts.  

Outbuilding - Any structure secondary to a house such as a barn, shed, or outhouse separated 
from the main structure. 

Piggyback Contract - Term used to describe a type of goods or services procurement.  A 
piggyback contract is a contract let by a government entity which is adopted and extended for 
use by another government entity. 

Recycling - Activities by which discarded materials are collected, sorted, processed, and 
converted into raw materials and are then used in the production of new products. 
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Right of Entry - As used by FEMA, the document by which a property owner confers to an 
eligible applicant or its contractor or the United States Army Corps of Engineers the right to 
enter onto private property for a specific purpose without committing trespass. 

Right-of-Way - The portions of land over which facilities such as highways, railroads, or power 
lines are built.  It includes land on both sides of the facility up to the private property line. 

Scale/Weigh Station - A scale used to weigh trucks as they enter and leave a landfill.  The 
difference in weight determines the tonnage dumped, and a tipping fee is charged accordingly.  
It also may be used to determine the quantity of debris picked up and hauled. 

Tipping Fee - A fee based on weight or volume of debris dumped that is charged by landfills or 
other waste management facilities to cover their operating and maintenance costs.  The fee also 
may include amounts to cover the cost of closing the current facility and/or opening a new 
facility. 

United States Army Corps of Engineers (USACE) - A component of the United States Army 
responsible for constructing and maintaining military installations and other government-
owned and controlled facilities.  The USACE may be used by FEMA when direct Federal 
assistance, issued through a mission assignment, is needed. 

White Goods - White goods are defined as discarded household appliances such as 
refrigerators, freezers, air conditioners, heat pumps, ovens, ranges, washing machines, clothes 
dryers, and water heaters. 
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Appendices 

Appendix A – Debris Management Plan Outline 

Appendix B – USACE Hurricane Debris Estimating Model 

Appendix C – FEMA Forms 

FF90-123 
FF90-128 
FF90-127 
FF90-125 
FF90-126 
FF90-124 
FF90-91D 

Force Account Labor Summary Record 
Applicant’s Benefits Calculation Worksheet 
Force Account Equipment Summary Record 
Rented Equipment Summary Record 
Contract Work Summary Record 
Materials Summary Record 
Project Worksheet – Photo Sheet 

Appendix D – Sample Monitoring Forms 

Load Ticket 
Tower Monitor Log 
Roving Monitor Report 
Daily Issue Log 
Truck Certification Form 

Appendix E – Debris Collection and Management Site Hazard Analysis 

Appendix F – Demolition Checklist 

Appendix G – FEMA Policies and Fact Sheets 

FEMA DAP9523.4 
FEMA DAP9523.11 

FEMA RP9523.12 

FEMA DAP9523.13 
FEMA RP9524.3 

FEMA RP9525.7 
FEMA RP9580.4 

FEMA RP9580.201 

FEMA RP9580.202 

Demolition of Private Structures 
Hazardous Stump Extraction and Removal 
Eligibility 
Debris Operations - Hand-Loaded Trucks 
and Trailers 
Debris Removal from Private Property 
Policy for Rehabilitation Assistance for 
Levees and Other Flood Control Works - 
Decision Tree 
Labor Costs – Emergency Work 
Fact Sheet: Debris Operations – 
Clarification: Emergency Contracting vs. 
Emergency Work 
Fact Sheet: Debris Removal – Applicant’s 
Contracting Checklist 
Fact Sheet: Debris Removal – Authorities of 
Federal Agencies 

FEMA DAP9580.203 Fact Sheet: Debris Monitoring 

FEMA 325, Public Assistance Debris Management Guide Page 153 
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Debris Management Plan Outline 

I. Staff Roles and Responsibilities 

A. Staffing Organizational Chart 

B. Roles and Responsibilities 

1. Staffing Assignments and Duties 
2. Administration 
3. Contracting and Procurement 
4. Legal 
5. Operations 
6. Engineering 

C. Emergency Communications Strategy 

D. Health and Safety Strategy and Procedures 

E. Training Schedule 

II. Situation and Assumptions 

A. Design Disaster Event 

B. Forecasted Debris 
1. Forecasted Types 
2. Forecasted Locations 

III. Debris Collection Plan 

A. List Priorities 

B. Response Operations 

C. Recovery Operations 



 

 
 

          
    

    
    

            
       

 
       

 
    

    
        
    

 
        

  
  

          
      

    
    
    
      

  
      

  
      
    

 
    

 
      

 
          

 
      

 

Debris Management Plan Outline 

1.	 Estimating Staff, Procedures and Assignments 
2.	 Collection Method 

a) Curbside Collection 
b) Collection Centers 

3.	 Collecting Hazardous Waste and White Goods 
4. 	Monitoring Staff and Assignments 

IV. Debris Management Sites 

A. Site Management 
1.	 Site Manager 
2.	 Monitoring Staff and Assignments 
3.	 Safety Personnel 

B. Establishment and Operations Planning 
1.	 Permits 
2.	 Locations 

a) Baseline Data for Each Location 
b) Ingress/egress for Sites 

3.	 Site Layouts 
4.	 Site Preparation 
5.	 Site Layout 
6.	 Volume Reduction Methods 

a) Incineration 
b) Grinding and Chipping 

7.	 Recycling 
8.	 Environmental Monitoring Program 
9.	 Site Closure 

V. Contracted Services 

A. Emergency Contracting/Procurement Procedures 

B. Debris Operations to be Outsourced 

C. General Contract Provisions 



 

 
 

    
 

      
 

             
 

        
    
    
  

 
         

 
        

 
       

 
       

 
     

 
     

 
 

 
         
     

   
     
     
     

 

Debris Management Plan Outline 

D. Qualification Requirements 

E. Solicitation of Contractors 

VI. Private Property Demolition and Debris Removal 

A. Condemnation Criteria and Procedures 
1. Legal Documentation 
2. Demolition Permitting 
3. Inspections 

B. Mobile Home Park Procedures 

C. Navigation Hazard Removal Procedures 

VII. Public Information Strategy 

A. Public Information Officer 

B. Pre‐scripted Information 

C. Distribution Strategy 

Appendices 
Maps of jurisdiction and priorities
 
Staffing assignment maps
 
Load Ticket
 
Debris Monitor Reports
 
Truck Certification List
 
Load Ticket System
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USACE HURRICANE DEBRIS ESTIMATING MODEL 

U.S. Army Corps of Engineers

 Hurricane Debris Estimating Model
 

Background 

•	 The U.S. Army Corps of Engineers (USACE) Emergency Management staff has developed a 
modeling methodology designed to forecast potential amounts of hurricane generated debris. 

•	 Based on actual data from Hurricanes Frederic, Hugo and Andrew. 

•	 The estimated quantities produced by the model have a predicted accuracy of – 30%. 

•	 The primary factor used by the model is the number of households in a developed urban/suburban 
area. 

•	 Other factors utilized are: 

•	 Cubic yards of debris generated per household per storm category. 

•	 Vegetative cover. 

•	 Commercial density. 

•	 Precipitation. 

•	 Household debris includes damage to the house, contents and surrounding shrubs/trees. 

•	 Vegetative cover includes all trees and shrubbery located along public rights-of-way, parks and 
residential areas. 

•	 Commercial density includes debris generated by damage to businesses and industrial facilities. 

•	 Private contractors will remove the majority of commercial related debris; however, 
disposal/reduction space is still required. 

•	 Very wet storms will cause ground saturation, increasing tree fall. 

Initial Planning Data 

•	 For planning purposes, the worst case scenario should be used for the subject area. 

•	 The most accurate process is to determine the defined areas by using Doppler Radar (National 
Weather Service Broadcasts) and Geographical Information Systems (GIS). 

•	 Doppler radar will define the storm’s intensity and the exact track of the eye of the storm in relation 
to the affected area. 

•	 Track the storm and plot the eye path and 5-mile wide bands out from the eye to define areas and 
estimate wind speeds. 

•	 The wind speed of the eye wall normally determines the reported storm category with the outward or 
5-mile bands being a lesser category. 
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USACE HURRICANE DEBRIS ESTIMATING MODEL
 

•	 Track the storm inland until the wind speeds dissipate below hurricane strength. 

•	 Divide outlined areas by storm category. 

•	 Enter coordinates into a GIS database to determine areas and demographic information, such as: 

•	 Population. 

•	 Schools. 

•	 Businesses. 

STEP 1—ESTIMATING DEBRIS QUANTITIES 

The formula used in this model will generate debris quantity as an absolute value based on a 
known/estimated population or a debris quantity per square mile based upon population density per 
square mile. 

•	 Determine population (P) in the affected area. 

•	 For example, 1990 census data for Harrison County, MS, is 165,500. 

•	 P = 165,500. 

•	 The assumption of 3 persons per household (H) is used for this model. 

•	 Known/estimated population (P) for a jurisdiction may be used to determine a value for H or 
H=P/3. 

Example 

A category 4 storm passes through Harrison County, MS. The area is primarily single family dwellings 
with some apartment complexes, schools, and shopping centers. Vegetation characteristic is heavy 
because of the proliferation of residential landscape shrubbery and trees throughout the area. The storm 
is very wet, with rain before and continuing for a few days after the hurricane. 

Formula: Q= H(C)(V)(B)(S) 

H= P/3= 165,500/3 = 55,167 (3 persons/household)
 

C= 50 (Factor for a Category 4 storm)
 

V= 1.5 (Multiplier for heavy vegetation)
 

B= 1.3 (Multiplier for heavy commercial due to
 
schools/stores/apartments) 

S= 1.3 (Multiplier for wet storm event) 

Then Q = 55,167 x50x1.5x1.3x1.3 = 6,992,374 cubic yards of debris or 7 million cy 

2 



                                                                                            

USACE HURRICANE DEBRIS ESTIMATING MODEL 

The Model Formula: Q= H (C)(V)(B)(S) where: 

Q is the quantity of debris in cubic yards. 

H is the number of households. 

C is the storm category factor in cubic yards. 

V is the vegetation characteristic multiplier. 

B is the commercial/business/industrial use multiplier. 

S is the storm precipitation characteristic multiplier. 

C is the storm category factor as shown below. It expresses debris quantity in cubic yards (cy) per 
household by hurricane category and includes the house and its contents, and land foliage. 

HURRICANE VALUE OF “C” 
CATEGORY FACTOR

 1  2 cy
 2  8 cy
 3  26 cy 
��4 ��50 cy

 5  80 cy 

V is the vegetation multiplier as shown below. It acts to increase the quantity of debris by adding 
vegetation, including shrubbery and trees, on public rights-of-way. 

VEGETATIVE VALUE OF “V” 
COVER MULTIPLIER 

LIGHT  1.1 
MEDIUM  1.3 
��HEAVY ��1.5 

B is the multiplier that takes into account areas that are not solely single-family residential, but includes 
small retail stores, schools, apartments, shopping centers, and light industrial/manufacturing facilities. 
Built into this multiplier is the offsetting commercial insurance requirement for owner/operator salvage 
operations. 

COMMERCIAL VALUE OF “B” 
DENSITY MULTIPLIER

 LIGHT  1.0
 MEDIUM  1.2 
��HEAVY ��1.3 
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USACE HURRICANE DEBRIS ESTIMATING MODEL 

S is the precipitation multiplier that takes into account either a "wet" or "dry" storm event. A "wet" 
storm for category 3 or greater storms will generate more vegetative debris due to the uprooting of 
complete trees. 

PRECIPITATION VALUE OF “S” 
CHARACTERISTIC MULTIPLIER 

NONE TO LIGHT  1.0 
��MEDIUM TO HEAVY ��1.3 

NOTE: Steps 2 and 3 of this model can also be applied to other debris generating events 
once an estimated quantity of debris is established. 

STEP 2—DEBRIS STORAGE SITE REQUIREMENTS 

•	 Estimate debris pile stack height of 10-feet. 

•	 60% usage of land area to provide for roads, safety buffers, burn pits and household hazardous waste 
areas. 

1 acre (ac) = 4,840 square yards (sy)
 
10 foot stack height = 3.33 yards(y)
 
total volume per acre = 4,840 sy/ac x 3.33 y = 16,117 cy/ac
 

• From the example above, the acreage required for debris reduction sites is: 

7,000,000/ 16,117 cy/ac = 434 acres (required for debris storage only, no buffers, etc.) 

• To provide for roads and buffers, the acreage must be increased by a factor of 1.66. 

434 ac x 1.66 = 720 acres or, since one square mile (sm) = 640 acres 720ac/640as/sm=1.12 sm. 

•	 If you assume a 100 acre storage site can be cycled every 45 to 60 days or one time during the 
recovery period, then 720/2 = 360 ac or four 100 acre sites would be required. 

•	 The number of sites varies with: 

•	 Size. 

•	 Distance from source. 

•	 Speed of reduction (mixed debris is slower than clean woody debris). 

•	 Removal urgency. 

•	 The USACE commonly removes approximately 70% of the total volume generated with local 
governments, volunteer groups, and private individuals removing the remainder. 

If 7 million cy were estimated, the USACE would estimate removing approximately 4.9 million cy 
of debris. 

4 
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USACE HURRICANE DEBRIS ESTIMATING MODEL
 

STEP 3—CATEGORIES OF DEBRIS
 

Debris removed will consist of two broad categories: 

•	 Clean wood debris. 

•	 Construction and demolition (C&D) debris. 

•	 The clean debris will come early in the removal process as residents and local governments clear 
yards and rights-of-way. 

•	 The debris removal mission can be facilitated if debris is segregated as much as possible at the origin 
along the right-of-way, according to type. 

•	 The public should be informed regarding debris segregation as soon as possible after the storm. 

•	 Time periods should be set for removal, the first 7-10 days clean woody debris only, then followed 
by other debris, with the metals segregated from non-metals. 

•	 Most common hurricane-generated debris will consist of the following: 
30% Clean woody debris
 
70% Mixed C&D
 

Of the 70% mixed C&D:
 
42% Burnable but requires sorting
 
5% Soil
 
15% Metals
 
38% Landfilled
 

•	 Based upon the above, 7,000,000 cy of debris would break down as follows: 

2,100,000 cy Clean woody debris
 
4,900,000 cy Mixed C&D
 

•	 Of the 4,900,000 cy of mixed C&D, 2,058,000 cy is burnable but requires sorting, 245,000 cy is soil, 
735,000 cy is metals, and 1,862,000 cy is landfilled. 

•	 Burning will produce about 95% volume reduction. 

•	 Chipping and grinding reduce the debris volume on a 4-to-1 ratio (4 cy is reduced to 1 cy) or by 75%. 

•	 The rate of burning is basically equal to the rate of chipping/grinding, about 200 cy/hr. However, 
chipping requires on-site storage and disposal of the chips/mulch. 
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APPENDIX C – FEMA FORMS
 

•	 FF90-123 Force Account Labor 
Summary Record 

•	 FF90-128 Applicant’s Benefits 
Calculation Worksheet 

•	 FF90-127 Force Account Equipment 
Summary Record 

•	 FF90-125 Rented Equipment 
Summary Record 

•	 FF90-126 Contract Work Summary 
Record 

•	 FF90-124 Materials Summary Record 

•	 FF90-91D Project Worksheet – Photo 
Sheet 



 

















 



   
 
 

 
 

 
 

 
 

 
 

 
 

APPENDIX D – SAMPLE MONITORING FORMS
 

• Load Ticket 

• Tower Monitor Log 

• Roving Monitor Report 

• Daily Issue Log 

• Truck Certification Form 



 



 

 

    

 
 
 
 
 

 

 

    

   
   
   

 
 
 
 
 

Load Ticket Ticket No. 0012345 
Municipality (Applicant) Prime Contractor 

 Sub-Contractor 

Truck Information 
Truck No Capacity 

Truck Driver  (print legibly) 

Loading Information 

Loading 
Time Date Inspector/Monitor 

Location (Address or Cross Streets) 

When Using GPS Coordinates use Decimal Degrees (N xx.xxxxx) 

N W 
Unloading Information 

Debris Classification Estimated %, CYs, or Actual Weight 
F Vegetation 
F C&D 
F White Goods 
F HHW 

F Other* See Below 

Unloading 
Time Date Inspector/Monitor 

DMS Name and Location 

*Other Debris Explanation 
Original: Applicant 
Copy 1:     _________ 
Copy 2:     _________ 
Copy 3:     _________ 
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TRUCK CERTIFICATION FORM
 

General Information 

Applicant: 

Contractor: 

Measurement Location: 

Declaration Number: 

Monitor: 

Date: 

County: 

Truck Information

Make 

Truck Measurements 
Performed By: 

Volume Calculated By: 
Both Checked by: 

Year Color 

Date: 
Date: 
Date: 

License 

Driver Information 

Name: 

Address: 

Phone Number: 

Owner Information 

Name: 

Address: 

Phone Number: 

Truck Identification 

Photo 

(See reverse for calculation worksheet) 

Truck Capacity 

1 



                   

                 
     

         

   
 
 

 
 

                     
                 
     

         

   
 
 

   

               

                         

 

         

 

 

   

         
 

 

 

 

 

 

TRUCK CERTIFICATION FORM
 

Measurements 
Truck Measurements Length (L) = Width (W) ft = Height (H) ft = 

Length1 (L1) ft = WidthH (WH) ft = HeightH (HH) ft = 
Length2 (L2) ft = 

Radius Radius ft = Height (H) = 

Calculations 
Bed Volume (Basic) + cyd 

Hoist Volume  ‐ cyd 

Radius Volume ‐ cyd 

Cubic Yards 
Total = cyd 

Measurements 
Truck Measurements (Basic) Length (L) = Width (W) ft = Height (H) ft = 

Length1 (L1) ft = WidthH (WH) ft = HeightH (HH) ft = 

Length2 (L2) ft = 

Radius Radius ft = Height (H) = 

Calculations 
Bed Volume (Basic) + cyd 
Hoist Volume  ‐ cyd 

Radius Volume ‐ cyd 

Total = cyd Cubic Yards 

Measurements 
Truck Measurements Length (L) ft = Diameter (D) ft = 

Calculations 
Approx. Volume (3.14 x (D/2)2 x L) /27 = cyd (round bottom portion only) 

Cubic Yards 

((L1+L2/2) x WH x HH)/27 = 

EXTRA TRAILER 

DUMP TRUCK 

ROUND BOTTOM TRUCK 

((L1+L2/2) x WH x HH) = 

(3.14xR2xH)/27 = 

Hoist Measurement 

(3.14xR2xH)/27 = 

(LxWxH)/27 = 

Hoist Measurement 

(LxWxH)/27 = 
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APPENDIX E –  DEBRIS COLLECTION AND 
MANAGEMENT SITE HAZARD ANALYSIS 



 



 

 

 

 

 

 

  
 
 
 
 
 
  

 

 

 

  

 

   
   
  

  
 

 
 

  

 

   
 

 
 

 
 

   

 
 

   

   
  

 
 

 
   

DEBRIS COLLECTION and MANAGEMENT SITE HAZARD ANALYSIS 

Disaster debris collection and management sites pose a multitude of health and safety concerns. 
Hazards and exposures are a function of the unstable nature of the site, the potential of hazardous 
substances being present, and the type of work being performed.  This hazard analysis serves as 
general guidance only.  Each site will have its own unique hazards, all of which cannot be anticipated. 

The listed hazards, risks, and accompanying general recommendations represent suggested site hazard 
assessment and therefore will not represent actual field hazards present at all debris collection and 
management sites.  It is incumbent upon the responsible entity (e.g. – State, local government, private 
contractor, etc.) chosen to perform and/or manage this work to assure a comprehensive site specific 
hazard analysis is performed and that resulting recommendations are implemented. 

SITE SAFETY CHECKLIST 

� Conduct a job hazard analysis to identify hazards prior to beginning site work. 
� Assign key personnel and alternates responsible for site safety. 
� Describe risks associated with each operation conducted. 
� Confirm that personnel are adequately trained to perform jobs. 
� Describe the protective clothing and equipment to be worn by personnel during site operations. 
� Describe needed air monitoring, personnel monitoring, and environmental sampling. 
� Describe actions to be taken to mitigate existing hazards to make work environment less hazardous. 

POTENTIAL HAZARDS AND GENERAL RECOMMENDATIONS 


HAZARD 1: Massive piles of woody debris and other types of debris; unstable work surfaces 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to slips, trips, falls, or collapsing 
materials. 

•	 General Recommendations: 
o	 Ensure that surfaces are as stable as possible. 
o	 Ensure scaffolding is erected on a stable surface; anchor scaffolding to a structure capable of 

withstanding the lateral forces generated. 
o	 Ensure workers have ANSI approved safety footwear with slip resistant soles.  Consider drop and 

roll over hazards as well as puncture hazards. 
o	 Site personnel to be observant of changes in walking surfaces. 

HAZARD 2: Hazardous noise 

Risks: Communication and possible noise induced hearing loss. 

•	 General Recommendations: 
o	 Monitor noise levels. If 8-hour time-weighted average exposures are 85 decibels (dB) or more, a 

Hearing Conservation Plan is needed. 
o	 Try engineering out workplace noise by isolating the equipment, reduce the equipment vibration, 

or installing sound barriers. 
o	 Consider hearing protection devices are used whenever noisy equipment (e.g., large trucks, 

grinding equipment, loaders, generators, large motors, etc.) is used. 

HAZARD 3: Breathing dust containing fine airborne particles and gases generated through diesel exhaust 
fumes, smoke, ash, and road dust 

Risks: Irritation of eye, nose, throat, and lung. 

•	 General Recommendations: 
o	 Workers should be protected from breathing airborne contaminants as determined through the 

site’s analysis of respiratory hazards. 
o	 Respiratory protection: determine respirator type, as needed, through site specific hazard 

analysis. 
o	 Respirators must fit properly to protect workers. 

Page 1 of 5 



   
  
  
  

  

 

   
   
   
  
  
   
   
 

 

  

 

   
  
  
  
  
  

  
 

   
  

 
 

  

  

 

   
 
 
 

 
 

 

  

 

 

o	 Dust concentrations in the air should be appropriately monitored. 
o	 Stay upwind of dust generating activities. 
o	 Maintain low speeds on construction equipment to keep dust down. 
o	 Airborne dust may be suppressed by application of water based mist. 

HAZARD 4: Heat stress from working in a hot, humid climate 

Risks: Significant fluid loss can progress to clinical dehydration, raised core body temperature, impaired 
judgment, disorientation, fatigue, muscle cramping, resulting in heat stroke. 

•	 General Recommendations: 
o	 Adjust work schedules, rotate personnel, and add additional personnel if needed. 
o	 Replenish fluids (e.g. – water, electrolytes) as needed. 
o	 Consider personnel and environmental monitoring plans. 
o	 Know the warning signs of heat related illnesses. 
o	 Provide shelter for personnel in shaded areas. 
o	 Where possible, block out sun or other direct sources of heat from fixed work locations. 
o	 Prevent sun related overexposure to skin by using a sunscreen lotion with a significant sun 

protection factor (SPF) of 15 or greater. 

HAZARD 5: Cold stress from working in a cold, wet climate 

Risks: This allows exposed skin and the extremities to cool rapidly and increases the risk of frostbite and 
hypothermia. 

•	 General Recommendations: 
o	 Get into heated shelter as necessary to maintain body temperature. 
o Replace wet clothing immediately.
 
O Drink warm fluids often.
 
O Wear adequate clothing to reduce threat of cold stress.
 
O Know the signs of cold stress.
 

HAZARD 6: Carbon monoxide risk from heaters, gasoline or propane-powered generators, or heavy 
machinery 

Risks: Headache, dizziness, drowsiness, or nausea.  This may progress to vomiting, loss of consciousness, 
and collapse.  Coma or death may occur under prolonged or high exposures.   

•	 General Recommendations: 
o	 Use CO warning sensors when using or working around combustion sources since CO has no 

warning properties.  CO is a colorless and odorless gas. 
o	 Shut off equipment or machinery immediately if symptoms of exposure appear and immediately go 

to a fresh air source or location. 

Warning! Do not use gasoline generators or portable heaters in confined 
spaces or poorly ventilated areas.  

HAZARD 7: Work zone traffic hazards 

Risks: Traumatic or fatal injuries due to failure of or improper use of equipment or workers being struck by 
moving equipment. 

•	 General Recommendations: 
o	 Establish a traffic control plan for motorists and pedestrians. 
o	 Use standard highway signs and control devices to instruct drivers.  
o	 Use barriers (concrete, water, sand, collapsible barriers, crash cushions, and truck-mounted 

attenuators) to limit motorist intrusion into the work zone.  
o	 High visibility safety garments should be provided for those providing temporary traffic control 

(class 2 or 3) and workers on foot (class 1, 2, or 3). 
o	 Seat belts and rollover protection should be used on equipment and vehicles as stated by the 

manufacturer. 
o	 Workers on foot, equipment operators, and drivers in internal work zones need to know the routes 

construction vehicles will use.  
o	 Be mindful of limited visibility (e.g. – blind spots) which heavy machine operators have while 

driving machines at the work site.   
o	 Maintain safe driving distances, avoid using cell phones while driving, and obey all traffic laws. 
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HAZARD 8: Eye, face, hand, and head injuries from flying debris; wood particles 

Risks: Traumatic injuries, ranging from minor injuries requiring first aid to serious eye injuries, even disabling 
or fatal traumatic injuries. 

•	 General Recommendations: 
o	 Only use protective eyewear, face shields, and protective head wear that are ANSI approved. 
o	 Educate workers regarding safe work procedures before beginning work. 
o	 Provide workers with a full array of personal protective equipment, including hard hats, safety 

shoes, eyeglasses, and work gloves. 
o	 Ensure that workers do not walk under or through areas where cranes and other heavy equipment 

are being used to lift objects. 
o	 Proper eye protection (e.g. - goggles or safety glasses). 
o	 As a minimum requirement use safety glasses with side shields by all site workers. Faceshields 

are not a substitute for safety glasses. 
o	 Use safety goggles for protection from fine dust particles rather than using regular prescription 

eyeglasses. 
o	 Choose hand protection to fit the hazards determined through the hazard analysis (e.g. – 

laceration hazards, need for gripping, need for dexterity, etc.). 
o	 Stay outside the 300 foot safety zone while a chipper is in operation. 
o	 Check the kick-back device on chainsaws before use. 

HAZARD 9: Use of various types of heavy equipment, including cranes, bucket trucks, skid-steer loaders, 
etc. 

Risks: Traumatic injury, including serious and fatal injuries, due to failure of improper use of equipment, or 
workers being struck by moving equipment. 

•	 General Recommendations: 
o	 Wear safety vests. Safety orange vests with reflective stripes are recommended. 
o	 Ensure operators are aware of the activities around them to protect workers on foot from being 

struck by moving equipment. 
o	 Ensure that workers do not walk under or through areas where cranes and other heavy equipment 

are being used to lift objects. 
o	 Ensure that workers do not climb onto or ride loads being lifted or moved. 
o	 Ensure that all equipment warning devices are working (flashers, strobes, back-up alarms). 
o	 Machinery is to be inspected by a qualified worker before each use, per OSHA requirements. 
o	 Stay at lease 20 feet beyond maximum equipment swing radius or movement areas.  Assign 

spotters as needed. 
o	 Do not exceed the load capacity of cranes and other lifting equipment. 

HAZARD 10: Chemicals, flammables and combustibles 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to inhalational, dermal, and fire hazards. 

•	 General Recommendations: 
o	 Ensure that hazardous waste (batteries, PVC piping, solvents, pesticides, and compressed gas 

cylinders, etc.) are properly separated from “burnable” trash. 
o	 Utilize GFCI for any extension cords or power tools. 
o	 Store gasoline in an approved container not to exceed 5-gallon capacity. 
o	 Allow gasoline power tools to cool down prior to refueling. 
o	 Ensure containers are bonded and grounded during dispensing. 
o	 Ensure adequate fire extinguishers are available at work sites and on work vehicles. 
o	 Maintain a fire watch during all fire-related activities until material has been extinguished and 

cooled. 
o	 If possible, avoid establishing debris management sites where there is a limited public water 

supply, lack of 911 service, or delays in fire department response time. 
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HAZARD 11: Isolated work areas and sanitation 

Risks: Remote locations delay response times from emergency providers.  Precaution can reduce the severity 
of the event. 

•	 General Recommendations: 
o	 Water-borne disease: 

� Always wash your hands. 
� Use hand sanitizers frequently. 
� Exercise good housekeeping. 
� Only drink from proven potable water sources. 

o	 Blood-borne disease: 
� Use latex or similar type gloves when handling remains. 
� Replace gloves if punctured or torn. 
� Receive appropriate vaccinations (Hepatitis A, B, Tetanus, Diphtheria, etc). 
� Avoid standing water. 
� Observe universal precautions. 

o	 Food-borne disease: 
� Identify and dispose of food that may not be safe to eat. 
� Handle food properly. 
� Keep a supply of water and food on hand. 
� Rest when off duty. 

o	 Emergencies: 
� Know location and phone numbers of nearest hospital, doctor, and police. 
� Carry a first-aid kit. 
� Know the address or nearest cross-road of work site to notify emergency responders. 

HAZARD 12: Insects, animals, reptiles, and plants 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to insect or animal bites. 

•	 General Recommendations: 
o	 Protection from plants: 

� Be alert of poisonous plants. 
� Use barrier creams if available. 
� Wash affected area after contact. 

o	 Protection from wild or stray animals: 
� Avoid animal habitats (infested areas, rodent burrows, and nests). 
� Do not attempt to take custody of animals unless properly trained. 
� Avoid wild or stray animals.  Assume all animals are rabid.  Call local authorities to handle 

animals. 
� Dispose of animal carcasses according to local guidelines. 

o	 Protection from insects (mosquitoes, bees, spiders, fire ants, etc): 
� Wear appropriate clothing (long pants, socks, long sleeved shirts, etc). 
� Avoid infested areas. 
� Use insect repellents that contain DEET or Picaridin, when necessary. 

o	 Protection from snakes: 
� Assume all snakes are poisonous.  Be on alert for snakes that may be hiding in unusual 

places after flooding. 
� Seek immediate medical attention if you are bitten. 
� Try to identify the snake so that if it is poisonous you can be given the correct anti-venom. 

HAZARD 13: Power lines and gas lines 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to electrocution. 

•	 General Recommendations: 
o	 Treat all power lines and cables as energized until proven otherwise.  De-energized lines can be 

energized by a secondary power sources such as a backup generator. 
o	 Use appropriately grounded low voltage equipment. 
o	 Do not approach detected gas leaks. 
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o	 Contact utilities (e.g. – utility locate service) for buried power line location. 
o	 Stay at least 10 feet away from live overhead power lines. 
o	 Get the owner or operator of the lines to de-energize and ground lines when working near them. 
o	 Use non-conductive wood or fiberglass ladders when working near power lines. 
o	 Keep area burn piles, observation areas, and areas where heavy equipment is used away from 

power lines and other electrical equipment. 

HAZARD 14: Debris towers
 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to falls from elevated surfaces. 


•	 General Recommendations: 
o	 Inspect scaffolds and scaffold components for defects before each work shift and after any 

incident which could affect structural integrity. 
o	 Provide adequate buffer zones around the tower. 
o	 Anchor the scaffold to prevent displacement from wind with guide wires 
o	 Do not exceed load capacity of the scaffold. 
o	 Footing of the tower must be level, sound, rigid, and capable of supporting the load without settling 

or displacement. 
o	 A standard guardrail (top, mid, toe) and handrail system must be installed along all open sides. 
o	 Provide appropriate ventilation if a heating system is present. 
o	 No smoking.  
o	 Use established construction guidance (e.g. – US Army Corps of Engineers). 

HAZARD 15: Aerial lifts and scissor lifts 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to falls, tip-overs, and pinch points. 

•	 General Recommendations: 
o	 Only trained and authorized people may operate the lift. 
o	 Check for overhead objects before use. 
o	 Stay far from debris piles, drop-offs, and floor openings. 
o	 Never use equipment near electric lines unless the lines are de-energized or adequate clearance 

is maintained. 
o	 Refuel tanks only when the machine is off. 
o	 Elevate the lift only when it is on a firm and level surface. 
o	 Never drive the lift when in the extended position.   

HAZARD 16: Severe weather 

Risks: Traumatic, serious, or fatal injuries or illnesses can occur due to hypothermia, hyperthermia, and 
lightning strikes. 

•	 General Recommendations: 
o	 Monitor local weather conditions regularly. 
o	 Recognize the signs of an oncoming thunder and lighting storm and seek shelter. 
o	 Avoid small sheds, wooded areas, metal fences and open areas. 

You can help prevent workplace injuries and illnesses by looking at your workplace operations, establishing proper job 
procedures, and ensuring that all employees are trained properly.  One of the best ways to determine and establish 
proper work procedures is to conduct a job hazard analysis.  A job hazard analysis is a technique that focuses on job 
tasks as a way to identify hazards before they occur.  It focuses on the relationship between the worker, the task, the 
tools, and the work environment.  Ideally, after you identify uncontrolled hazards, you will take steps to eliminate or 
reduce them to an acceptable risk level.  

A job hazard analysis can be conducted on many jobs in your workplace.  Priority should go to the following types of 
jobs: 

•	 Jobs with the highest injury or illness rates;  
•	 Jobs with the potential to cause severe or disabling injuries or illness, even if there is no history of previous 

accidents;  
•	 Jobs in which one simple human error could lead to a severe accident or injury;  
•	 Jobs that are new to your operation or have undergone changes in processes and procedures; 
•	 Jobs that are complex enough to require written instructions. 

Page 5 of 5 



 



   
 

APPENDIX F –  DEMOLITION CHECKLIST
 



 



   

 

 
  

   

   

   

    

    

 
 

   

   

   

   

   

   

    

 

 

    

   

   

   

   

   

   

 

 
 

 
 
 

  

Demolition Checklist 

Property Address: _____________________________ 

Pre-Demolition  

Action  Initial Date Notes 

1 

Establish property management file for 
each parcel of private property.  One (1) 
copy each for local and State records 
management 

2 Provide notice of condemnation 

3 
Complete environmental and historic 
preservation reviews 

4 
Obtain right of entry and hold harmless 
agreements 

5 
Verify property description and ownership 
(i.e., tax assessment, legal description) 

6 
Document property owner’s insurance 
coverage for future recovery 

7 
Notify lien holder(s) of intent to demolish 
as needed 

8 Conduct building inspection as needed 

9 
Conduct public health inspection as 
needed 

10 Conduct fire inspection as needed 

11 
Provide public notification of 
condemnation/demolition  

12 Verify personal property removal  

Demolition 

13 Verify structure is unoccupied 

14 
Cap well, water, sewer, and septic lines.  
Disconnect electrical service. Remove 
propane tanks. 

15 Mark easements and underground utilities 

16 

Identify/remove/dispose of asbestos, lead-
based paint and other hazardous 
materials per State environmental 
agency/EPA requirements  

17 
Identify/remove/dispose of all HHW per 
State environmental agency/EPA 
requirements 

18 
Record GPS coordinates.  Photograph 
site before and after demolition.   

19 
Document actual demolition and removal 
of debris 

Complete documentation is compiled within the project file for each individual structure/property.   

I, the authorized applicant official, certify that all processes and documentation referred to in this 
checklist are complete (except Item 19) prior to the demolition of the referenced structure.   

Name (Print) Title Signature Date 



 



    
 

 

 

 

 

 

 

 

 

 

 
 

 

APPENDIX G – FEMA POLICIES AND FACT SHEETS 

•	 FEMA DAP9523.4 – Demolition of Private 
Structures 

•	 FEMA DAP9523.11 – Hazardous Stump 
Extraction and Removal Eligibility 

•	 FEMA RP9523.12 – Debris Operations - Hand-
Loaded Trucks and Trailers 

•	 FEMA DAP9523.13 – Debris Removal from 
Private Property 

•	 FEMA RP9524.3 – Policy for Rehabilitation 
Assistance for Levees and Other Flood 
Control Works - Decision Tree 

•	 FEMA RP9525.7 – Labor Costs – Emergency 
Work 

•	 FEMA RP9580.4 – Fact Sheet: Debris 
Operations – Clarification: Emergency 
Contracting vs. Emergency Work 

•	 FEMA RP9580.201 – Fact Sheet: Debris 
Removal – Applicant’s Contracting Checklist 

•	 FEMA RP9580.202 – Fact Sheet: Debris 
Removal – Authorities of Federal Agencies 

•	 FEMA DAP9580.203 – Fact Sheet: Debris 
Monitoring 

http:DAP9523.13
http:RP9523.12
http:DAP9523.11


 



FEMA DAP9523.4 

DISASTER ASSISTANCE POLICY 

I. TITLE: Demolition of Private Structures 

II. DATE: JUL 182007 
III. PURPOS E: 

This policy provides guidance in determining the eligibility of demolition of private structures 
under the Federal Emergency Management Agency's (FEMA) Public Assistance Program. 

IV. SCOPE AND AUDIENCE: 

The policy is applicable to all major disasters declared on or after the date of publication of this 
policy. It is intended for FEMA personnel involved in the administration of the Public 
Assistance Program. 

V. AUTHORITY: 

Section 403(a)(3)(£) of the Robert T. Stafford Disaster Relief and Emergency Assistance Act 
(Stafford Act), 42 U.s.c. 5170b, 42 U.s.c. 5172, 44 CFR 206.225, and 44 CFR 206.226. 

VI. BACKGROUND: 

A. Section 403 of the Stafford Act, 42 U.s.c. 5170b, provides FEMA authority to provide 
assistance essential to meeting immediate threats to We and property resulting from a major 
disaster. Specifically, Section 403(a)(3)(E) provides FEMA authority to fund the demo li tion of 
unsafe structures which endanger the public on public and private property (44 CFR 206.225). 
Eligible Public Assistance applicants may be eligible for Public Assistance grant funding under 
Section 403 of the Stafford Act under the conditions of this policy. 

B. The demolition of unsafe structures owned by eligible public and private nonprofit 
(PNP) applicants may be eligible for Public Assistance grant funding under Section 406 of the 
Stafford Act, which funds the repair, restoration, reconstruction, or replacement of eligible 
facilities (44 CFR 206.226). 
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DISASTER ASSISTANCE POLICY 

VII. POLICY: 

A. Definitions. 

1. Demolition: The act or process of reducing a structure, as defined by State or local 
code, to a collapsed state. 

2. Demolition debris: Materials including building materials and personal effects that 
are deposited as a result of the demolition process. 

3. Legal responsibility: A statute, formally adopted local code, or ordinance that gives 
local government officials the responsibility to enter private property to demolish unsafe 
structures or to perform work to remove an immediate threat (44 CFR 206.223(a)(3), 44 CFR 
206.221 (c). and 44 CFR 206.225(a)(3)). 

4. Unsafe structure: A structure found to be dangerous to the life, health or safety of 
the public because such structure is so damaged or structurally unsafe as a direct result of the 
declared disaster that partial or complete collapse is imminent. 

B. Duplication of Benefits (44 CFR 206.191). FEMA is prohibited by Section 312 of the 
Stafford Act from approving funds for work that is covered by any other source of funding. 
Therefore, State and local governments must take reasonable steps to prevent such an 
occurrence, and verify that insurance coverage or any other source of funding does not exist for 
the demolition of private structures. 

1. When demolition of private structures is covered by an insurance policy, the 
insurance proceeds must be used as the first source of funding. Public Assistance grant funding 
may be used to pay for the remainder of the demolition costs. 

2. If it is discovered that a duplication of benefits from any other source of funding has 
occurred, FEMA will de-obligate funds from the Grantee in the amount that such assistance 
duplicates funding the property owners received from other sources. 

C. Eligibility of Demolition of Private Structures. 

1. Demolition of privately owned structures and subsequent removal of demolition 
debris may be eligible for Public Assistance grant funding under Section 403 of the Stafford Act 
when the following conditions are met: 
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a. The structures were damaged and made unsafe by the declared disaster, and are 
located in the area of the declared disaster (44 CFR 206.223(a)(1) and (2)). 

b. The State or local government applicant certifies that the structures are 
determined to be unsafe and pose an immediate threat to the public (44 CFR 206.225(a)). The 
Public Assistance applicant provides a detailed explanation documenting its legal responsibility 
to enter private property to demolish an unsafe structure, and confirms that all JegaJ processes 
and permission requirements (e.g., rights-oF-entry) for such action have been satisfied. The 
Public Assistance Group Supervisor must concur that the demolition of unsafe structures and 
removal of demolition debris are in the public interest. FEMA will consider alternative 
measures to eliminate threats to 1ife, public health, and safety posed by disaster-damaged 
unsafe structures, including fencing off unsafe structures and restricting public access, when 
evaluating requests for demolition. 

i. The eligible applicant must demonstrate the legal basis as established by law, 
ordinance, or code upon which it exercised or intends to exercise its responsibility following a 
major disaster to demolish unsafe private structures (44 CFR 206.223(a)(3». Codes and 
ordinances must be germane to the structural condition representing an immediate threat to 
life, public health, and safety, and not merely define the local government's uniform level of 
services. 

States and local governments ordinarily rely on condemnation and/or nuisance abatement 
authorities to obtain legal responsibility prior to the commencement of demolition of private 
structures. There may be circumstances, however, where the State or local government 
determines that ordinary condemnation and/or nuisance abatement procedures are too time­
consuming to address an immediate public health and safety threat. In such circumstances, 
applicants may not have to precisely follow their nuisance abatement procedures or other 
ordinances that would prevent the State or local government from taking emergency protective 
measures to protect public health and safety (44 CFR 206.225(a)). 

ii. The applicant's legal responSibility to take action where there is an 
immediate threat to life, public health, and safety should be independent of any expectation, or 
request, that FEMA will reimburse costs incurred for demolition of private structures and the 
removal of demolition debris from private property. In addition, an applicant's legal 
responSibility is not established solely by an applicant obtaining signed rights-of-entry and hold 
harmless agreements from property owners. 

c. The State or local govenunent confirms that a legally authorized official has 
ordered the exercise of public emergency powers or other appropriate authority to enter onto 
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private property in order to remove/reduce threats to life, public health, and safety threat via 
demolition of unsafe structures and removal of demoli tion debris (44 CFR 206.223). 

d. The State or loca l government indemnifies the Federal government and its 
employees, agents, and contractors from any claims arising from the demolition of unsafe 
private structures and removal of demolition debris from private property (44 CFR 206.9). 

e. The work is completed within the completion deadlines outlined in 44 CFR 
206.204 for emergency work. 

2. Eligible costs associated with the demolition of private structures may include, but 
are not limited to: 

a. capping wells; 

b. pumping and capping septic tanks; 

c. filling in basements and swimming pools; 

d. testing and removing hazardous materials from unsafe structures, including 
asbestos and household hazardous wastes; 

e. securing utilities (electric, phone, water, sewer, etc.); 

f. securing permits, licenses, and title searches. Fees for permits, licenses, and 
titles issued directly by the applicant are not eligible unless it can be demonstrated that the fees 
are above and beyond administrative costs; and 

g. demolition of disaster-damaged outbuildings such as garages, sheds, and 
workshops determined to be unsafe. 

3. Ineligible costs associated with the demolition of private structures may include: 

a. removal of slabs or foundations, except in very unusual circumstances, such as 
when disaster-related erosion under slabs on a hillside causes an immediate public health and 
safety threat; 

b. removal of pads and driveways; 
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4. Structures condemned as safety hazards before the disaster are not eligible for 
demolition and subsequent demolition debris removal under Public Assistance grant authority. 

5. Individuals and private organizations (except for eligible PNPs) will not be 
reimbursed for demolition activities on their own properties under the Public Assistance 

Program (44 CFR 206.224(c». 

6. The removal of substantially damaged structures and associated appurtenances 
acquired through a Section 404 F£MA Hazard Mitigation Grant Program buyout and relocation 
project may be eligible for Public Assistance grant funding under Section 407 of the Stafford 
Act. Such removal must be completed within two years of the declaration date, unless extended 
by the Assistant Administrator of the Disaster Assistance Directorate (44 CFR 206.224(a)(4». 

D. Demolition of Commercial Structures. The demolition of commercial structures is 
generally ineligible for Public Assistance grant funding. It is assumed and expected that these 
commercial enterprises retain insurance that can and will cover the cost of demolition. 
However, in some cases as determined by the FCO, the demolition of commercial structures by 
a State or local government may be eligible for FEMA reimbursement only when such removal 
is in the public interest (44 CFR 206.224(a) and (b)). 

Apartments, condominiums, and mobile homes in commercial trailer parks are generally 
considered commercial structures with respect to Public Assistance funding. 

E. Environmental and Historic Review Requirements. Eligible demolition activities must 
satisfy environmental and historic preservation compliance review requirements as established 
by 44 CFR Parts 9 and 10, the National Historic Preservation Act, the Endangered Species Act, 
and all other applicable legal requirements. 
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VIII. ORIGINATING OFFICE: Disaster Assistance Directorate (Public Assistance Division). 

IX. SUPERSESSION: This policy supersedes Recovery Policy 9523.4 dated November 9,1999, 
and all previous guidance on this subject. 

X. REVIEW DATE: Three years from date of publication. 

Assistant Administrator 
Disaster Assistance Directorate 
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I. TITLE: Hazardous Stump Extraction and Removal Eligibility 

II. DATE: MAY 1 5 2007 

Ill. PURPOSE: 

Establish criteria used to reimburse applicants for removing eligible hazardous stumps from 
public or, where authorized, private property. 

IV. SCOPE AND AUDIENCE: 

The policy is applicable to all major disasters and emergencies declared on or after the date of 
publication. It is intended for all personnel involved in the administration and execution of the 
Public Assistance Program, including applicants. 

V. AUfHORITY: 

Sections 403 and 407 of the Robert T. Stafford Disaster Relief and Emergency Assistance Act, 42 
U.s.c. 5121-5206, as amended. 

VI. BACKGROUND: 

Public Assistance regulations authorize reimbursement for the removal of debris from public 
and private land when it is in the public interest. Such remova l is in the public interest when it 
is necessary to: eliminate immediate threats to life, public health and safety, or eliminate 
immediate threats of significant damage to improved public or private property; or to ensure 
economic recovery of the affected community to the benefit of the community at large. Trees 
that are uprooted during a disaster event such that all or part of their roots are exposed may 
pose an immediate threat to public health and safety. 

VII. POLICY: 

A. When a disaster event uproots a tree or stump (Le., 50% or more of root ball is exposed) 
on a public right-of-way, improved public property or improved property owned by certain 
private nonprofit organizations, and the exposed root ball poses an immediate threat to life, 
public health and safety, FEMA may provide supplemental assistance to remove, transport, 
dispose, and provide fill for the root cavity of an eligible uprooted tree or stump. The Federal 
Emergency Management Agency (FEMA) will reimburse applicants reasonable costs for this 
type of work only when uprooted stumps are more than 24 inches in diameter (measured two 
feet from the ground), with the consensus of the Applicant and the State, and is approved in 
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advance by FEMA, using the attached Hazardous Stump Worksheet. 

1. If it is necessary to remove an uprooted stump before it can be inspected by FEMA 
because it poses a threat that must be dea lt with immediately, the applicant must submit 
documentation, to FEMA including photographs, that establishes its location on public 
property, specifics on the threat, stump diameter measured two feet up the trunk from the 
ground, quantity of material to fill the hole, and any special circumstances. 

2. FEMA will reimburse applicants for extraction, transport and disposal of stumps 
with a diameter of 24 inches or smaller at the unit cost rate for regular vegetative debris, using 
the attached Stump Conversion Table, as such stumps do not require special equipment. 

3. FEMA will reimburse applicants at the unit cost rate (usually cubic yards) for normal 
debris removal for all stumps, regardless of size, placed on the rights-of-way by others (Le., 
contractors did not extract them from public property or property of eligible Private Non Profit 
organization). In such instances, applicants do not incur additional cost to remove these stumps 
because the same equipment that is used to pick up "regular" debris can be used to pick-up 
these stumps. 

4. If an applicant incurs additional costs in picking up large stumps (over 24 inches in 
diameter) from rights-of-way, it should complete the Hazardous Stump Worksheet and present 
documentation to FEMA in advance for consideration. 

5. Stumps with less than 50% of their root ball exposed should be cut flush at ground 
level and the cut portion included with regular vegetative debris. 

6. Straightening or bracing of trees is eligible for reimbursement if it is less costly than 
removal and disposal. Applicant must provide a cost analysis showing cost effectiveness. 

VIII. ORIGINATING OFFICE: Disaster Assistance Directorate (Public Assistance Division) 

IX. SUPERSESSION: This policy supersedes Recovery Policy Number 9523.11, Hazard 
Stump Removal and Extraction Eligibility dated May 6, 2006. 

x. REVIEW DATE: ~Th:rec~y~e~a~rs~f~ro~rn~th~e~~~~d~~r~--__ _ 
Davi 

mg Assistant Administrator 
Disaster Assistance Directorate 
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SSttuummpp CCoonnvveerrssiioonn TTaabbllee 

Diameter to Volume Capacity 

The quantification of the cubic yards of debris for each size of stump in the following table was derived from FEMA field studies conducted 
throughout the State of Florida during the debris removal operations following Hurricanes Charley, Frances, Ivan and Jeanne. The following 
formula is used to derive cubic yards: 

[(Stump Diameter2 x 0.7854) x Stump Length] + [(Root Ball Diameter2 x 0.7854) x Root Ball Height] 
46656 

0.7854 is one-fourth Pi and is a constant. 

46656 is used to convert cubic inches to cubic yards and is a constant 


The formula used to calculate the cubic yardage used the following factors, based upon findings in the field: 

• Stump diameter measured two feet up from ground 
• Stump diameter to root ball diameter ratio of 1:3.6 
• Root ball height of 31” 

Stump Diameter 
(Inches) 

6 

Debris Volume 
(Cubic Yards) 

0.3 

Stump Diameter 
(Inches) 

46 

Debris Volume 
(Cubic Yards) 

15.2 
7 0.4 47 15.8 
8 0.5 48 16.5 
9 0.6 49 17.2 
10 0.7 50 17.9 
11 0.9 51 18.6 
12 1 52 19.4 
13 1.2 53 20.1 
14 1.4 54 20.9 
15 1.6 55 21.7 
16 1.8 56 22.5 
17 2.1 57 23.3 
18 2.3 58 24.1 
19 2.6 59 24.9 
20 2.9 60 25.8 
21 3.2 61 26.7 
22 3.5 62 27.6 
23 3.8 63 28.4 
24 4.1 64 29.4 
25 4.5 65 30.3 
26 4.8 66 31.2 
27 5.2 67 32.2 
28 5.6 68 33.1 
29 6 69 34.1 
30 6.5 70 35.1 
31 6.9 71 36.1 
32 7.3 72 37.2 
33 7.8 73 38.2 
34 8.3 74 39.2 
35 8.8 75 40.3 
36 9.3 76 41.4 
37 9.8 77 42.5 
38 10.3 78 43.6 
39 10.9 79 44.7 
40 11.5 80 45.9 
41 12 81 47 
42 12.6 82 48.2 
43 13.3 83 49.4 
44 13.9 84 50.6 
45 14.5 
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I. TITLE, Debris Operations - Hand-Loaded Trucks and 
Trailers 

11. DATE, May 1, 2006 

111. PURPOSE, 

To describe the criteria the Federal Emergency Management Agency (FEMA) will use to 
reimburse applicants for eligible debris removal accomplished with trucks and trailers loaded 
physically by hand, rather than with mechanical equipment. 

IV. SCOPE AND AUDIENCE, 

The policy is applicable to all major disasters and emergencies declared on or after the date of 
publication. It is intended for all personnel involved in the ad ministration and execution of the 
Public Assistance Program, including applicants. 

V. AUTHORITY, 

Sections 403 and 407 of the Robert T. Stafford Disaster Relief and Emergency Assistance Act, 42 
U.S.c. 5121-5206, as amended. 

VI. BACKGROUND, 

A. Debris removal companies under contract with local governments have frequently 
supplemented their vegetative debris remova l operations by hiring subcontractors who modify 
their trucks and trailers by extending sidewalls with plywood or other materials to increase the 
vehicle's load capacity. Because of the tenuous nature of these improvements, operators 
ty pically load these vehicles physically by hand. The inefficiencies associated with loading 

these trucks or trailers by hand, instead of using mechanica l equipment, effectively negates the 
increased capacity advantages of these vehicles. Hand loading cannot achieve compaction 
levels comparable to mechanically loaded vehicles. Further, the unit cost for transporting 
debris is based on mechanical loading of trailers and trucks. 

B. FEMA perfonned stud iL'S throughout the State of Florida following the four devastating 
hurricanes in 2004 and determined that a mechanically~loaded vehicle had a weighHo-volume 
ra tio at least twice that of hand-loaded vehicles. In other words, vehicles of the same measured 
capacity tha t were loaded by mechanical equipment and reasonably compacted carried at least 

Page I of2 
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twice the volume of debris as those loaded physically by hand. FEMA has therefore determined 
it is not reasonable to reimburse applicants· for hand-loaded vehicles and mechanically loaded 
vehicles - at the same rate. 

VII. POLICY, 

A. Debris monitors located at temporary or fina l debris disposal sites will reduce the 
observed capacity of each hand-loaded truck or trailer load by 50% because of the low 
compaction achieved by hand-loading. For example, if a 40 cubic-yard (CY) hand-loaded truck 
or trailer arrives at a debris management or disposal site, and it appears to be 100 percent full, 
the actual quantity of debris in the truck or trailer will be recorded as 20 CY {(40 CY / 2) .. 100%). 
In the same manner, if the truck or trailer appears half full, the load will be recorded as 10 CY 
{(40 CY /2) · 50%}. The maximum amount recorded for a hand-loaded vehicle will be 50% of its 
measured capacity. 

B. FEMA will reimburse applicants on the basis of capacities calculated in VII-A. 

VIII. ORIGINATING OFFICE: Recovery Division (Public Assistance Branch) 

IX. SUPERSESSION: Not applicable. 

X REVIEW DATE: Three years from the date of publication. 

Davi arratt 
109 Director of Recovery 

Federal Emergency Management Agency 
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I. TITLE: Debris Removal from Private Property 

II. DATE: JUL 1 8 2007 

III. PURPOSE: 

This policy describes the criteria that the Federal Emergency Management Agency (FEMA) will 
use to evaluate the eligibility of debris removal work from private property under the Public 
Assistance Program. 

IV. SCOPE AND AUDIENCE: 

The policy is applicable to all major disasters and emergencies declared on or after the date of 
publication of this policy. It is intended for FEMA personnel involved in the administration of 
the Public Assistance Program. 

V. AUTHORITY: 

Sections 403(a)(3)(A), 407, and 502 of the Robert T. Stafford Disaster Relief and Emergency 
Assistance Act (Stafford Act), 42 U.s.c. 5170b, 42 U.s.c. 5173, 42 U.s.c. 5192, and 44 CFR 
206.224. 

VI. BACKGROUND: 

A. Sections 403(a)(3)(A) and 407 of the Stafford Act, 42 U.s.c. 5170b and 5173, respectively, 
provide FEMA authority to fund debris removal from private property provided that the State 
or local government arranges an unconditional authorization for removal of the debris, and 
agrees to indemnify the Federal government against any claim arising from the removal. 

B. The regulations implementing Sections 403 and 407 of the Stafford Act at 44 CFR 206.224 
establish the requirement that debris removal be in the "public interest" in order to be eligible 
for reimbursement. "Public interest" is defined as being necessary to: 

1. eliminate immediate threats to life, public health, and safety; or 

2. eliminate immediate threats of significant damage to improved public or private 
property; or 
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3. ensure economic recovery of the affected community to the benefit of the 
community-at-Iarge. 

C. Generally, debris removal from private property following a disaster is the 
responsibility of the property owner. However, large-scale disasters may deposit enormous 
quantities of debris on private property over a large area resulting in widespread immediate 
threats to the public-at-Iarge. In these cases, the State or local government may need to enter 
private property to remove debris to: eliminate immediate threats to life, public health, and 
safety; eliminate immediate threats of significant damage to improved property; or ensure 
economic recovery of the affected community to the benefit of the community-at-Iarge. In these 
situations, debris removal from private property may be considered to be in the public interest 
and thus may be eligible for reimbursement under the Public Assistance Program (44 CFR 
206.224). 

VII. POLICY: 

A. Definitions. 

1. Disaster-generated debris: Any material, including trees, branches, personal 
property and building material on public or private property that is directly deposited by the 
disaster. 

2. Improved property: Any structure, facility, or equipment that was built, 
constructed, or manufactured. Examples include houses, sheds, car ports, pools, and gazebos. 
Land used for agricultural purposes is not improved property (44 CFR 206.221(d)). 

3. Legal responsibility: A statute, formally adopted State or local code, or ordinance 
that gives local government officials responsibility to enter private property to remove debris or 
to perform work to remove an immediate threat (44 CFR 206.223(a)(3), 44 CFR 206.221(c), and 
44 CFR 206.225(a)(3)). 

4. Private property: Land and structures, to include contents within the structures, 
built on land that is owned by non-governmental entities (44 CFR 206.224(b)) . 

5. Private road: Any non-public road for which a subdivision of the State is not legally 
responsible to maintain. Private roads include roads owned and maintained by homeowners 
associations, including gated communities, and roads for which no entity has claimed 
responsibility. Local police, fire, and emergency medical entities may use these roads to 
provide services to the community (44 CFR 206.224(b)) . 
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B. Approval for FEMA Assistance. FEMA will work with states affected by a disaster to 
designate those areas where the debris is so widespread that removal of the debris from private 
property is in the "public interest" pursuant to 44 CFR 206.224, and thus is eligible for FEMA 
Public Assistance reimbursement on a case-by-case basis. 

1. Any State or local government that intends to seek reimbursement to remove debris 
from private property within a designated area will, prior to commencement of work, submit a 
written request for reimbursement to, and receive approval from, the Federal Coordinating 
Officer (FCO). The written request will include the following information: 

a. Public Interest Determination (44 CFR 206.224(a)): 

i. Immediate Threat to Life, Public Health, and Safety Determination. The basis 
of a determination by the State, county or municipal government's public health authority or 
other public entity that has legal authority to make such a determination that disaster-generated 
debris on private property in the designated area constitutes an immediate threat to life, public 
health, and safety; or 

ii. Immediate Threat to Improved Property Determination. The basis of the 
determination by the State, county, or municipal government that the removal of disaster­
generated debris is cost effective. The cost to remove the debris should be less than the cost of 
potential damage to the improved property in order for the debris removal to be eligible; or 

Ill . Ensure Economic Recovery of the Affected Community to the Benefit of the 
Community at Large Determination. The basis of the determination by the State, county, or 
municipal government that the removal of debris from commercial properties will expedite 
economic recovery of the community-at-large. Generally, commercial enterprises are not 
eligible for debris removaL 

b. Documentation of Legal Responsibility (44 CFR 206.223(a)(3)) . 

A detailed explanation documenting the requesting State or local government's authority and 
legal responsibility at the time of disaster to enter private property to remove debris, and 
confirmation that all legal processes and permission requirements (e.g., right-of-entry) for such 
action have been satisfied. 

i. The eligible applicant requesting assistance must demonstrate the legal basis 
as established by law, ordinance, or code upon which it exercised or intends to exercise its 
responsibility following a major disaster to remove disaster-related debris from private 
property. Codes and ordinances must be germane to the condition representing an immediate 



FEMA DAP9523.13 

DISASTER ASSISTANCE POLICY 

threat to life, public health, and safety, and not merely define the applicant's uniform level of 
services. Typically, solid waste disposal ordinances are considered part of an applicant's 
uniform level of services. 

States and local governments ordinarily rely on condemnation and/or nuisance abatement 
authorities to obtain legal responsibility prior to the commencement of debris removal work. 
There may be circumstances, however, where the State or local government determines that 
ordinary condemnation and/or nuisance abatement procedures are too time-consuming to 
address an immediate public health and safety threat. In such circumstances, applicants do not 
have to precisely follow their nuisance abatement procedures or other ordinances that would 
prevent the State or local government from taking emergency protective measures to protect 
public health and safety (44 CFR 206.225(a)). 

ii. The applicant's legal responsibility to take action where there is an 
immediate threat to life, public health, and safety must be independent of any expectation, or 
request, that FEMA will reimburse costs incurred for private property debris removal. In 
addition, legal responsibility is not established solely by an applicant obtaining signed rights-of­
entry and hold harmless agreements from property owners. 

c. Authorization for Debris Removal from Private Property (44 CFR 206.223(a)(3)) . 
Confirmation that a legally-authorized official of the requesting applicant has ordered the 
exercise of public emergency powers or other appropriate authority to enter onto private 
property in the designated area in order to remove/reduce threats to life, public health, and 
safety threat via debris removal. 

d. Indemnification (44 CFR 206.9). The requesting entity indemnifies the Federal 
government and its employees, agents, and contractors from any claims arising from the 
removal of debris from private property. 

2. The FCO will approve or disapprove in writing each written request submitted by 
the State or local government for FEMA to designate areas eligible for private property debris 
removal. After receiving approval from the FCO, the State or local government may begin 
identifying properties and the specific scope of work for private property debris removal 
activities and apply for supplemental assistance through the Public Assistance Program. 

C. Duplication of Benefits (44 CFR 206.191). FEMA is prohibited by Section 312 of the 
Stafford Act from approving funds for work that is covered by any other source of funding. 
Therefore, State and local governments must take reasonable steps to prevent such an 
occurrence, and verify that insurance coverage or any other source of funding does not exist for 
the debris removal work accomplished on each piece of private property. 
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1. When debris removal from private property is covered by an insurance policy, the 
insurance proceeds must be used as the first source of funding. Public Assistance grant funding 
may be used to pay for the remainder of the costs of debris removal from private property. 

2. If FEMA discovers that a duplication of benefits from any other source of funding 
has occurred, FEMA will de-obligate funds from the Grantee in the amount that such assistance 
duplicates funding that the property owners received from other sources. 

D. Eligibility of Debris Removal Work from Private Property (44 CFR 206.224(b)). 

1. Eligible debris removal work from private property includes removal of: 

a. Large piles of disaster-generated debris in the living, recreational, and working 
areas of properties in urban, suburban, and rural areas, including large lots. 

b. Disaster-generated debris obstructing primary ingress and egress routes to 
improved property. 

c. Disaster-damaged limbs and leaning trees in danger of falling on improved 
property, primary ingress or egress routes, or public rights-of-way. 

1. Hazardous tree removal is eligible only if the tree is greater than six inches in 
diameter (measured at diameter breast height) and meets any of the following criterion: more 
than 50% of the crown is damaged or destroyed; the trunk is split or broken branches expose 
the heartwood; or the tree is leaning at an angle greater than 30 degrees and shows evidence of 
ground disturbance. 

ii. Hazardous limb removal is eligible only if the limb is greater than two inches 
in diameter measured at the point of break. 

d. Debris created by the removal of disaster-damaged interior and exterior 
materials from improved property. 

e. Household hazardous wastes (such as household cleaning supplies, insecticides, 
herbicides, etc.) 

f. Disaster-generated debris on private roads, including debris originating from 
private property and placed at the curb of public or private rights-of-way, provided that the 
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removal of the debris is the legal responsibility of an eligible applicant, on the basis of removing 
an immediate threat to life, public health, and safety. 

2. Ineligible debris removal work on private property includes the removal of: 

a. Debris from vacant lots, forests, heavily wooded areas, unimproved property, 
and unused areas. 

b . Debris on agricultural lands used for crops or livestock. 

c. Concrete slabs or foundations-on-grade. 

d. Reconstruction debris consisting of materials used in the reconstruction of 
disaster-damaged improved property. 

E. Debris Removal from Commercial Property. The removal of debris from commercial 
property is generally ineligible for Public Assistance grant funding. It is assumed and expected 
that these commercial enterprises retain insurance that can and will cover the cost of debris 
removal. However, in some cases as determined by the FCO, the removal of debris from 
private commercial property by a State or local government may be eligible for FEMA 
reimbursement only when such removal is in the public interest (44 CFR 206.224(a) and (b)). 

Industrial parks, golf courses, commercial cemeteries, apartments, condominiums, and mobile 
homes in commercial trailer parks are generally considered commercial property with respect 
to Public Assistance funding. 

F. Environmental and Historic Review Requirements. Eligible debris removal activities 
on private property must satisfy environmental and historic preservation compliance review 
requirements as established by 44 CFR Parts 9 and 10, the National Historic Preservation Act, 
the Endangered Species Act, and all other applicable legal requirements. 
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VIII. ORIGINATING OFFICE: Disaster Assistance Directorate (Public Assistance Division) 

IX. SUPERSESSION: This policy supersedes Recovery Policies 9523.13 and 9523.14, dated 
October 23, 2005, and all previous guidance on this subject. 

X. REVIEW DATE: Three years from date of publication. 

carlOS~ 
Assistant Administrator 
Disaster Assistance Directorate 
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RECOVERY POLICY - RP9525.7 

I. TITLE: Labor Costs - Emergency Work 

[I. DATE: November 16, 2006 

Ill. PURPOSE: 

Provide guidance on the eligibility of labor costs for an applicant's permanent, temporary, and 
contract employees who perform emergency work under Robert T. Stafford Disaster Relief and 
Emergency Assistance Act (Stafford Act), 42 U.s.c. 5121 -5206, as amended. 

[v. SCOPE AND AUDIENCE: 

This policy applies to all emergencies, major disasters, and fire management assistance 
declarations, declared on or after the publication date of this document. 

V. AUTHOR[TY: 

Sections 403, 407, 420 and 502 of the Stafford Act and 44 Code of Federal Regulations (CFR) 
§204.42, §206.224 and §206.22S. 

VI. BACKGROUND: 

A. On October 14, 1993, FEMA published a regulation that made the force account labor 
straight-time salary for work under Section 403 and 407 ineligible Wlder the Public Assistance 
Program. The 1993 regulation did not include emergency work accomplished under Section 502 
(Federal Emergency Assistance) of the Stafford Act. The ineligibility of straight-time salaries for 
emergency work under Section 502 is included as a provision of the FEMA-State Agreement. 

B. Labor (straight-time, overtime, and fringe benefits to the extent the benefits were being 
paid before the disaster) performed under Section 406 (permanent work) of the Stafford Act 
remains eligible for reimbursement. 

VII. POLICY: 

A. Under Sections 403, 407, and 502 of the Stafford Act, eligible emergency work labor 
costs are those costs incurred by an eligible applicant while performing eligible work. The cost 
of straight-time salaries and benefits of an applicant's permanentJy employed persormel is not 
eligible in calculating the cost of eligible emergency work. The FEMA-State Agreement will 
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stipulate the ineligibility of straight-time salaries and benefits of an applicant's permanently 
employed personnel performing emergency work (Categories A and B). For the purpose of this 
policy, "permanently employed personnel" will refer to those employees whose positions are 
already included in the applicant's budget. 

B. Fixed-term employees, such as seasonally employed personnel- when covered under 
existing budgets and used fOJ: a disaster during the season of employment, are c0nsidered 
permanently employed for the purpose of cost eligibility. 

C. Straight-time and overtime will be determined in accordance with the applicant's pre­
disaster policies, which should be applied consistently in both disaster and non-disaster 
situations. For example, one applicant may define labor exceeding 8 hours a day as overtime, 
while another might define labor exceeding 40 hours a week as overtime. However, all costs, 
including premium pay, must be reasonable and equitable for the type of work being 
performed. 

D. The actual costs of salaries and benefits for individuals sent home or told not to report 
due to emergency conditions are not eligible for reimbursement. Extraordinary costs for 
essential employees who are called back to duty during administrative leave to perform 
disaster-related emergency work are eligible if the costs were provided for in written policy 
prior to the disaster. 

E. The costs for contract labor, mutual aid in accordance with an existing agreement, or 
temporary hires needed to accomplish emergency work are eligible for reimbursement. 
However, straight-time salary and benefits of force account labor overseeing contractors 
performing emergency work are not eligible in calculating the cost of eligible emergency work. 

F. The reimbursement of force account or temporary labor to backfill regular staff who 
are performing eligible emergency work may be eligible. Backfill cost is defined as the straight­
time salary and benefits and overtime of replacement personnel who perform the regular duties 
of other personnel while they are performing eligible emergency work under the Public 
Assistance Program. There are several circumstances which affect the eligibility of the backfill 
employee. 

1. If the backfill employee is a contract or extra hire, the cost of this extra person 
represents an extra cost to the applicant. Regular and overtime are eligible. If the employee is 
permanently employed, straight time is not eligible. Only overtime costs are eligible. 
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2. The cost of straight-time salaries and benefits of an applicant's permanently 
employed personnel, of any department, regardless of any inter-departmental agreements, are 
not eligible. 

3. If the backfill employee is a regular employee who is called in on his/her day off 
(weekend or other off day), there may be an extra cost to the applicant. Regular and overtime 
costs may be eligible. 

4. If the backfill employee is called in from scheduled leave, there should be no extra 
cost as the leave can be rescheduled. Only the overtime is eligible. 

5. Generally, exempt employees (i.e. those who are exempt from minimum wage and 
overtime provisions of the Fair Labor Standards Act) are not eligible for overtime, unless 
specified in an applicant's pre-disaster policy. 

G. Permanent employees who are funded from an external source (e.g., by a grant from a 
Federal agency, statutorily dedicated funds, rate-payers, etc.) to work on specific non-disaster 
tasks may be paid for emergency work. However, the FEMA Region is to consult with FEMA 
headquarters before approving payment. 

H. Reimbursement of labor costs for employees performing emergency work is limited to 
actual time worked, even when the applicant is contractually obligated to pay for 24 hour shifts. 
It is not reasonable for a person to work more than 48 hours continuously without an extended 
rest period. Therefore, FEMA will reimburse up to 24 hours for each of the first two days, and 
up to 16 hours for each of the following days for emergency work. All requested hours must be 
for actual time worked. Standby time is not eligible under the Public Assistance Program or 
Fire Management Assistance Grant Program. Pre-positioning under the Fire Management 
Assistance Grant Program is eligible if the resources were actually used to suppress a declared 
fire. 

L The value of volunteers accomplishing eligible emergency work can be credited 
toward the non-Federal cost share of the applicant's emergency work in accordance with 
Donated Resources Policy #9525.2. 
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VIII. ORIGINATING OFFICE: Recovery Division (public Assistance Branch). 

IX. SUPERSESSION: This policy updates and replaces all relevant provisions of previous 
Public Assistance policy documents or guidance on this subject. 

X. REVIEW DATE: Three years from date of publication. 

John R. D' Araujo, Jr. 
Director of Recovery 
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FEMA 9580.4 
January 19, 2001 

PUBLIC ASSISTANCE PROGRAM 

FACT SHEET
 
DEBRIS OPERATIONS - CLARIFICATION
 

EMERGENCY CONTRACTING VS. EMERGENCY WORK
 

SUMMARY: Contracting for debris operations, even though it is “emergency work” in FEMA 
operations, does not necessarily mean the contracts can be awarded without competitive bidding. 
Applicants should comply with State laws and regulations, but should be aware that non-competitive 
contracting is acceptable ONLY in rare circumstances where there can be no delay in meeting a 
requirement. In general, contracting for debris work requires competitive bidding.  The definition of 
“emergency” in contracting procedures is not the same as FEMA’s definition of “emergency work”. 

DISCUSSION: There appears to be some confusion regarding the awarding of some contracts, 
especially for debris, without competitive bidding.  The reason cited for such actions is that the contract is 
for emergency work, and competitive bidding is not required. 

Part 13 of 44 CFR is entitled “Uniform Administrative Requirements for Grants and Cooperative 
Agreements to State and Local Governments”.  These requirements apply to all grants and subgrants to 
governments, except where inconsistent with Federal statutes or regulations authorized in accordance 
with the exception provisions of Section 13.6.  In essence, these regulations apply to all Federal grants 
awarded to State, tribal and local governments. 

Non-competitive proposals awarded under emergency requirements are addressed as follows: 

“Procurement by non-competitive proposals may be used only when the award of a contract is infeasible 
under small purchase procedures, sealed bids, or competitive proposals and one of the following 
circumstances applies: 

(A) ………………. 

(B) The public exigency or emergency of the requirement will not permit a delay resulting from 
competitive solicitation.”  (44 CFR Part 13.36(d)(4)(1)(B)).” 

Staff of the Office of General Counsel and the Office of the Inspector General have expressed concern 
that contracts are being awarded under this section without an understanding of the requirement.  Simply 
stated, non-competitive contracts can be awarded only if the emergency is such that the contract award 
cannot be delayed by the amount of time required to obtain competitive bidding. 



 
 

     
 

 

 
    

 

 
 

  
  

 

FEMA’s division of disaster work into “emergency” and “permanent” is generally based on the period of 
time during which the work is to be performed, and not on the urgency of that work.  Therefore, the 
award of non-competitive contracts cannot be justified on the basis of “emergency work”, as defined by 
FEMA. 

In some situations, such as clearing road for emergency access (moving debris off the driving surface to 
the shoulders or rights-of-way), or removal of debris at a specific site, awarding a non-competitive 
contract for site-specific work may be warranted; however, normally, non-competitive bid awards should 
not be made several days (or weeks) after the disaster or for long-term debris removal. Obviously, the 
latter situations do not address a public exigency or emergency which “will not permit a delay resulting 
from competitive solicitation”. 

Regarding competitive solicitations, applicants can use an expedited process for obtaining competitive 
bids. In the past, applicants have developed a scope-of-work, identified contractors that can do the work, 
made telephone invitations for bids, and received excellent competitive bids.  Again, applicants must 
comply with State and local bidding requirements. 

Please remind applicants that no contractor has the authority to make determinations as to eligibility, 
determinations of acceptable emergency contracting procedures, or definitions of emergency work. Such 
determinations are to be made by FEMA. 

2 PUBLIC ASSISTANCE PROGRAM FACT SHEET 
EMERGENCY CONTRACTING VS. EMERGENCY WORK 
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RP95 80.201 

DEBRIS REMOVAL 
APPLICANT'S CONTRACTING CHECKLIST 

Overview 

To be eligib le for reimbursement under the Public Assistance Program, contracts for debris removal 
must meet rules for Federal grants, as provided for in 44 CFR Part 13.36 Procurement 
(http://www.access.gpo.gov/nara/cfr/waisidx 04/44cfr13 04.html). Public Assistance applicants should 
comply with their own procurement procedures in accordance with applicable State and local laws and 
regulations, provided that they conform to applicable Federal laws and standards identified in Part 13. 
The foUowing guidance is provided to assist Public Assistance applicants in the procurement process. 

Contractin Process Checklist 

U Use competitive bidding procedures. Complete and document a cost analysis to demonstrate price 
reasonableness on any contract or contract modification where adequate price competition is lackins­
as detailed in 44 CFR 13.36(f). 

D Provide a clear and definitive scope of work and monitoring requirements in the request for 
proposals/bids. Use acceptable emergency contracting procedures that include an expedited 
competitive bid process only if time does not allow for more stringent procedures. 

n Require bidders to provide copies of references, licenses, financial records, and proof of insurance 
and bonding. 

U Obtain review from your legal representative of your procurement process and any contract to be 
awarded to ensure they are in compliance with all Federal, State, and local requirements. 

D Document procedures used to obtain/award contracts (procurement information, bid requests and 
tabulations, etc). 

o Use load ticket requirement to record with specificity (e.g., street address) where debris is picked up 
and the amount picked up, hau led, reduced and disposed of. 

FEMA will, when requested by applicants, assist in the review of debris removal contracts. However, 
such a review does not constitute approval. 
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DEBRIS REMOVAL 
APPLICANT'S CONTRACTING CHECKLIST 

Contract Provisions Checklist 

All contracts must contain/reflect the following provisions: 

U All payment provisions must be based on unit prices. 

o No payments may be based on time and material costs unless limited to work performed during the 
first 70 hours of actual work following a disaster event. 

D That payment will be made only for debris that FEMA determines eligible, referencing FEMA 
regulations and Public Assistance guides and fact sheets. (This is an optional provision to protect the 
applicant, and is used only following a major disaster declaration.) 

o An invoice provision requiring contractors to submit invoices regularly and for no more than 3D-day 
periods. 

D A "Termination for Convenience" clause allowing contract termination at any time for any reason. 

D A reasonable limit on the period of performance for the work to be done. 

D A subcontract plan including a clear description of the percentage of the work the contractor may 
subcontract out and limiting use of subcontractors to only those you approve. 

D The preference that the contractor use mechanical equipment to load and reasonably compact debris 
into the trucks and trailers. 

D The requirement that the contractor provide a safe worki.ng envjronment, including properly 
constructed monitoring towers. 

o Option of a unit price for extracting from ground and removing FEMA-eligible stumps (only for 
stumps with diameters larger than 24 inches, measured 24 inches above the ground, and with 50% or 
more of the root ball exposed), or including all stumps in the unit price. 



RECOVERY DIVISION 
FEMA FACT SHEET 

RP9580.201 

DEBRIS REMOVAL 
APPLICANT'S CONTRACTING CHECKLIST 

Contract Provisions Checklist - Continued 

All contracts must contain/reflect the following provisions: 

U Requirement that aU contract amendments and modifications be in writing. 

o Requirement that contractor obtain adequate payment and performance bonds and insurance 
coverage. 

Pre -Disaster and Stand-B Contracts Checklist 

D It is recommended that you pre·qualify contractors prior to an event and solicit bid prices from this 
list of contractors once an event has occurred. 

D The solicitation for pre-qualifying contractors must adequately define in the proposed scope of work 
all the potential types of debris, typical haul distances, and size of events for which a contract may be 
activated. 

o To ensure reasonable debris removal costs, award debris removal contracts based on unit prices 
(volume or weight). 

o If the contract is awarded on a time and material basis, it should be limited to no more than 70 hours 
of actual clearance and removal operations. 

o After the initial 70-hour period, payment should be on a unit price basis (volume or weight) . 

Pn ' IJ. rl'd B : rllhhc '\S~ l s t a ll{{' Bram h D.1l{' Pn' lan d All ' ust In. 2()()f> - P,l 'I' ~ o f " 
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Avoidance Checklist 

o iiliMU': Award a debris removal contract on a so le-source basis. 

o iiIiMii': Sign a contract (including one provided by a contractor) until it has been thoroughly 
reviewed by your legal representative. 

o Ii"Min Allow any contractor to make eligibility determinations, since only FEMA has that 
authority. 

o iiI'MiI'; Accept any contractor's cla im that it is "FEMA certified." FEMA does not certify, 
credential, or recommend debris contractors. 

D iFiiM',,: Award a contract to develop and manage debris processing sites unJess you know it is 
necessary, and have contacted the State for technical assistance concerning the need for such 
operations. Temporary debris storage and reduction sites are not always necessary. 

o !Q'piU AUow separate line item payment for stumps 24 inches and smaUer in diameter; these 
should be treated as normal debris. 

n !Fi'PiI': "Piggyback" or utilize a contract awarded by another entity. Piggybacking may be legal 
under applicable state law; however, the use of such a contract may jeopardize FEMA funding. 

D !ii • .,iil: Award pre~disaster/stand-by contracts with mobilization costs or unit costs that are 
significantly higher than what they would be if the contract were awarded post~disaster. Such 
contracts should have variable mobilization costs depending upon the size of the debris work that 
may be encountered. 
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Overview 

This fact sheet identifies and describes the authorities of federal departments and agencies in support of 
debris operations following a presidential emergency or major disaster declaration.  The following nine 
Federal agencies and departments are invested with authorities (described in detail below) addressing 
various aspects of debris management. 

• Department of Homeland Security 
o Federal Emergency Management Agency 
o United States Coast Guard 

• Department of Defense: U.S. Army Corps of Engineers 
• Department of Agriculture 

o Natural Resources and Conservation Service 
o Farm Service Agency 
o Animal Plant and Health Inspection Service 

• Department of Transportation: Federal Highway Administration 
• Department of Commerce: National Oceanic and Atmospheric Administration 
• Environmental Protection Agency 

Department of Homeland Security 

Federal Emergency Management Agency (FEMA) 

• FEMA is authorized in Sections 403, 407 and 502 of the Robert T. Stafford Disaster Relief and 
Emergency Assistance Act to provide assistance to eligible applicants to remove debris from public 
and private property following a Presidential disaster declaration, when in the public interest. 

• Removal must be necessary to eliminate immediate threats to lives, public health and safety; 
eliminate immediate threats of significant damage to improved public or private property; or ensure 
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the economic recovery of the affected community to the benefit of the community-at-large.  The 
debris must be the direct result of the disaster and located in the disaster area, and the applicant 
must have the legal responsibility to remove the debris. 

• FEMA will (1) reimburse applicants to remove eligible debris, or (2) through a mission assignment to 
another Federal agency (and upon request of the State) - provide direct Federal assistance when it has 
been demonstrated that the State and local government lack the capability to perform or contract for 
the requested work. 

• Assistance will be cost-shared (at no less than 75% Federal and 25% non-Federal).  In extreme 
circumstances, FEMA will provide up to 100% funding for a limited period of time. 

United States Coast Guard (USCG) 

• Under the National Contingency Plan (NCP), the USCG and Environmental Protection Agency 
(EPA) are responsible for providing pre-designated Federal On-Scene Coordinators (FOSCs) to 
conduct emergency removals of oil and hazardous materials. 

• USCG is responsible for the coastal zone, and the EPA is responsible for the inland zone.  The 
delineation between coastal and inland zones is by mutual agreement between the USCG and the 
EPA, and the geographic limits are indicated in Area Contingency Plans. 

• Under the Comprehensive Environmental Response, Compensation, and Liability Act, or CERCLA 
(also known as Superfund), and the Clean Water Act, USCG has the authority to respond to actual or 
potential discharges of oil and actual or potential releases of hazardous substances, pollutants and 
contaminants that may endanger public health or the environment. 

• Response actions may include containment, stabilization, decontamination, collection (e.g., orphan 
drums tanks and drums), and final disposal.  Debris may be mixed with, or contain, oil or hazardous 
materials that are subject to USCG response authorities.  Oil removal is funded from the Oil Spill 
Liability Trust Fund, while hazardous materials removal is conducted using CERCLA funds. 

• USCG, under the Ports and Waterways Safety Act (33 U.S.C. §§1221), is responsible for keeping 
waterways safe and open.  While there is no specific language stating that the USCG is responsible 
for debris removal from waterways, the USCG has been tasked - in the past - to assist in waterway 
and marine transportation system recovery. 
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Department of Defense 

United States Army Corps of Engineers (USACE) 

• USACE is authorized by Section 202 of Water Resources Development Act (WRDA) of 1976 (PL 94­
587) to develop projects for the collection and removal of drift and debris from publicly maintained 
commercial harbors, and from land and water areas immediately adjacent thereto. 

• Specific and limited local programs for continuing debris collection and disposal have been 
authorized (on an individual basis, with the authorized work carried out at each locality as a 
separate, distinct project) by Congress for: 

o New York Harbor 
o Baltimore Harbor 
o Norfolk Harbor 
o Potomac and Anacostia Rivers, in the Washington, D.C. Metropolitan area 
o San Francisco Harbor/Bay, California. 

• Sections 15, 19, and 20 of the River and Harbor Act of 1899, as amended, authorize USACE to remove 
sunken vessels or other obstructions from navigable waterways under emergency conditions.  A 
navigable waterway is one that has been authorized by Congress, and which USACE operates and 
maintains for general (including commercial and recreational) navigation. Funding for operation 
and maintenance of these “Federal” waterways is through USACE’s annual Operations and 
Maintenance General Appropriation.  USACE’s policy is to oversee removal of sunken vessels by an 
identifiable owner, operator or lessee if the sunken vessel is in or likely to be moved into a Federal 
navigation channel.  USACE will remove a vessel using its emergency authorities only if the owner, 
operator, or lessee cannot be identified or they cannot effect removal in a timely and safe manner. 

• USACE is also authorized, under Flood Control and Coastal Emergencies (PL 84-99), to provide 
assistance for debris removal from flood control works, i.e., structures designed and constructed to 
have appreciable and dependable effects in preventing damage by irregular and unusual rises in 
water level. Under this authority, USACE requires that an applicant, to be eligible for assistance, be 
an active participant in its PL 84-99 Rehabilitation and Inspection Program at the time of the disaster. 
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United States Department of Agriculture 

Natural Resources Conservation Service (NRCS) 

• NRCS’ Emergency Watershed Protection Program (EWP) is authorized by Section 216 of the Flood 
Control Act of 1950, PL 81–516, 33 U.S.C. 701b–1; and Section 403 of the Agricultural Credit Act of  
1978, PL 95–334, as amended by Section 382, of the Federal Agriculture Improvement and Reform 
Act of 1996, PL 104–127, 16 U.S.C. 2203. 

• Debris clean up must be for either runoff retardation or soil erosion prevention that is causing a 
sudden impairment in the watershed creating an imminent threat to life or property.  Typically, this 
includes debris within channels but could also include debris in close proximity to a channel or 
situated where the next event could create an imminent threat to life or property.  There is no size 
limit to the watershed except that EWP assistance is not eligible for coastal erosion restoration. 

• The EWP is funded through specific Congressional appropriations. 

• Public and private landowners are eligible for assistance but must be represented by a project 
sponsor (a state or political subdivision thereof, qualified Indian tribe or tribal organization, or unit 
of local government). 

• Work can be done either through Federal or local contracts.  Sponsors are responsible for the 75% 
local cost share. 

• NRCS can provide assistance when the President declares an area to be a major disaster area or when 
an NRCS State Conservationist determines that a watershed impairment exists. 

• NRCS will not provide funding for activities undertaken by a sponsor prior to the signing of an 
agreement between NRCS and the sponsor. 

Farm Service Agency (FSA) 

• Emergency Conservation Program (ECP) is authorized by Sections 401 - 406 of the Agricultural 
Credit Act of 1978, PL 95–334, and provides emergency assistance for debris removal from privately-
owned land following a natural disaster.  It is funded through Congressional supplemental 
appropriations. 
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• The damage must be so costly that Federal assistance is or will be required to return the land to 
productive agricultural use or to provide emergency water for livestock. 

• The ECP provides emergency cost share funding (up to 75% federal share) and technical assistance 
for farmers and ranchers to remove debris (other than animal carcasses). 

Animal, Plant and Health Inspection Service (APHIS) 

• APHIS has two programs under which it can provide debris removal assistance: 

o Veterinary Services (VS) program authorized by Animal Health Protection Act (7 U.S.C. 8301– 
8317) which provides for removal and burial of diseased animal carcasses. 

o Plant Protection and Quarantine (PPQ) program authorized by Plant Protection Act (Title IV, 
Pub. L. 106–224, 114 Stat. 438, 7 U.S.C. 7701–7772).  This program manages issues related to the 
health of plant resources.  Primary objective is to regulate and monitor in order to reduce the risk 
of introduction and spread of invasive species, including planning, surveillance, quick detection, 
containment, and eradication. 

• Both public and private lands are eligible under these programs which provide assistance to Federal, 
State, tribes, local jurisdictions, and private landowners to manage animal and plant health by 
collecting and providing information, conducting or supporting treatments, providing technical 
assistance for planning and program implementation (removal). 

Environmental Protection Agency (EPA) 

• EPA’s primary authorities related to debris removal fall into two categories: (1) authorities related to 
cleaning up debris that is mixed with or contains oil or hazardous materials; and (2) authorities 
related to establishing standards for proper management of debris (hazardous and non-hazardous).  
EPA generally does not remove non-hazardous debris after emergencies/disasters. 

• Under the Comprehensive Environmental Response, Compensation, and Liability Act, or CERCLA 
(also known as Superfund), and the Clean Water Act, EPA and the United States Coast Guard 
(USCG) have the authority to respond to actual or potential discharges of oil and actual or potential 
discharges of hazardous substances, and to actual or potential discharges of pollutants and 
contaminants that may present an imminent and substantial danger to the public health or welfare. 
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• EPA has responsibility for responses in the inland zone and USCG has responsibility for responses in 
the coastal zone.  The delineation between the inland and coastal zone is determined by mutual 
agreement by the EPA and USCG, and the geographic boundaries are indicated in Area Contingency 
Plans. 

• EPA and USCG carry out these responsibilities under implementing regulations known as the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP).  EPA and USCG pre­
designate Federal On-Scene Coordinators (FOSCs) to direct and coordinate response actions. 

• Response actions may include containment, stabilization, decontamination, collection (e.g., orphan 
tanks and drums), and disposal.  Debris may be mixed with, or contain, oil or hazardous materials 
that are subject to these response authorities. 

• CERCLA requires that the State in which the site is located fund 10% of remedial action costs, with 
the other 90% drawn from the Superfund.  However, where the potentially responsible party is a 
political subdivision of a State, the State must agree to fund 50% of the remedial action costs, with the 
other 50% drawn from the Superfund. 

• The Resource Conservation and Recovery Act established a framework for Federal, State, and local 
cooperation in controlling the management of hazardous and non-hazardous solid waste.  The EPA 
role is to establish minimum regulatory standards that are, in most cases, implemented by the States 
and to provide technical assistance.  EPA administers other laws as well that may impact the 
management of debris (e.g., Clean Air Act requirements that apply to asbestos-containing debris).  
Again, some of these programs may be delegated to the States. 

• FEMA may mission assign the EPA through the United States Army Corps of Engineers to dispose of 
household hazardous waste following a major disaster declaration from the President. 

Department of Transportation 

Federal Highway Administration (FHWA) 

• The Emergency Relief (or ER) program is authorized in Title 23, United States Code, Section 125, 
from the Highway Trust Fund, and supports repair or reconstruction of Federal-aid highways and 
roads on Federal lands which have suffered serious damage as a result of natural disasters or 
catastrophic failures from an external cause. 

• Debris removal from Federal-aid roads is eligible for 100% reimbursement during the first 180 days 
following an emergency event that qualifies and is approved for the ER program. 
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• The ER program is funded $100 million in annual authorizations. If the' annual authorization is 
expended, FHWA will reimburse eligible costs when ER funds become available. 

• The State must incur a cost of at least $700,000 statewide to qualify for ER assistance. The cost of 
individual projects (sites) must be $5,000. 

• It is the responsibility of individual States to request ER funds for assistance in the cost of necessary 
repair of Federal-aid highways damaged by natural disasters or catastrophic failures. 

De artment of Commerce 

National Oceanic and Atmospheric Administration (NOAA) 

• The Coastal and Geodetic Survey Act of 1947 and the Hydrographic Services Improvement Acts of 
1998, 2002, authorize NOAA to be directly involved in programs to assess and remove hazards and 
debris. NOAA does not fund debris removal. 

• NOAA's Office of Coastal Survey is responsible for surveying and charting the nation's waters and 
coast, and has been heavily involved in hydro-surveying using side-scan and multi-beam sonar to 
identify hazards and debris and dangers to navigation along the Gulf Coast for the last three years. 

A . g Director of Recovery 
Fede Emergency Management Agency 
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DEBRIS MONITORING 
Overview 

When a disaster event occurs that produces large amounts of debris, effective coordination is required 
between the Public Assistance applicant, State, and FEMA to ensure that debris removal operations are 
efficient, effective, and eligible for FEMA Public Assistance grant funding. Eligible Public Assistance 
applicants are encouraged to monitor debris removal operations and document eligible quantities and 
reasonable expenses to ensure that the work is eligible for Public Assistance grant funding. Failure to do 
so properly may jeopardize this funding. 

Public Assistance applicants can use force account resources or contractors to monitor debris removal 
operations, or a combination of both. Regardless of the method, the applicant is responsible for ensuring 
that applicant-managed debris removal work (either force account or contract) being funded through 
Public Assistance grants is eligible in accordance with Public Assistance guidelines. This Fact Sheet 
provides Public Assistance applicants with information on how to properly monitor applicant-managed 
debris removal operations to ensure compliance with these guidelines. It also provides information on 
debris monitoring responsibilities and duties that apply to both force account and contractor operations; 
however, some information provided only applies to debris operations performed under contract. 

Debris Monitorin Roles and Res onsibilities 

Monitoring debris removal operations requires comprehensive observation and documentation by the 
Public Assistance applicant of debris removal work performed from the point of debris collection to final 
disposal. Monitoring debris removal work involves constant observation of crews to ensure that 
workers are performing eligible work in accordance with Public Assistance guidelines, and helps to 
verify compliance with aU applicable Federal, State, and local regulations. 

A number of different entities playa role in monitoring debris removal operations to ensure that they are 
efficient, effective and eligible for FEMA Public Assistance funding. It is important that these entities 
work together to communicate and resolve issues in the field so that reimbursement funding for debris 
removal operations is not jeopardized. Below is a table which addresses the general monitoring 
responsibilities and tasks of different partners in the debris removal operation. The table is followed by 
specific monitoring responsibilities and duties for both fo rce account and contractor debris monitors in 
the field. 
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Entity Responsibilities Tasks 
Debris Conduct debris removal • Monitor its own day-ta-day operations to ensu re its 
Removal operations per the terms of the contractual obligations arc being met. 
Contractor contract. 

Public Works fo r Applicant to monitor • Provide debris monitoring personnel who are trained in 
Assistance debris contractor's day-to-day eligibility. 
Applicant operations to ensure the • Monitor operations in accordance with the contract 
Monitoring applicants expectations and requirements. 
Contractor contractual requirements are • Provide all monitoring documents as required in the 

bein~ met. monitoring contract. 
Public Provide oversight and quality • Designate project manager. 
Assistance assurance of both the debris If debris removal is perfonned by force account labor: 
Applicant removal contract and the • Provide documentation 10 substantiate eligible debris 
(subgrantee) monitoring con tract (if quantities. 

applicable). Request PA funds • Ensure compliance with subgrant requi rements. 
for eligible work. Ensure If debris removal is performed under contract: 
performance measures are met • Ensure that debris removal contractors and monitoring 
and eligible work is documented. contractors (if applicable) understand eligibility 
Understand eligibility requirements for the debris removal operations. 
requirements and ensure work • Ensure that only eligible debris quantities arc being 
performed under the co ntract claimed for Public Assistance. 
meets these requiremen ts. • Resolve issues or discrepancies associated with the 

contract. 
Stale Ensure grant requirements • Monitor the gra nl and subgranl requi rements. 
(Grantee) outlined in the 44 CFR are being • Ensure that the applicant is sufficiently monitoring the 

met and that PA applicants are debris removal operation (FEMA \ Grantee effort). 
receiving funds for eligible costs. • Conduct random monitoring at load si tes and disposal 
Responsible for monitoring the sites to ensure compliance with grant requirements 
grant and subgrant to ensure (FEMA \Grantee effort). 
compliance with Federal, State • Notify subgrantee of compliance issues and outline 
and local laws and regulations. corrective actions (FEMA \ Grantee effort). 

FEMA Ensure grant requi rements • Develop large project worksheets in coordination with 
outlined in 44 CFR are being met. the Grantee and subgrantee. 
Fund eligible work. Responsible • Utilize monitors to ensure that the applican t is 
for the preparation of large sufficiently monitoring the debris removal operation. 
project worksheets, development (FEMA \ Grantee effort) 
of the scope of work and the • Conduct random monitoring at load sites and disposal 
obligation of fu nds. Responsible sites to ensu re compliance with grant requirements. 
for monitoring the grant to (FEMA \Grantee effort). 
ensure compliance with Federal, • Notify Grantee/subgrantee of compliance issues and 
State and local laws and ou tline corrective actions (FEMA \ Grantee effort). 
regula tions. • Increase or decrease monitoring efforts as necessary to 

ensu re corrective actions are in place and operations are 
being effectively monitored. 
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The specific responsibilities and du ties of individual debris monitors in the field are the same for both 
force account and contracted debris monitoring operations. They are: 

• Report issues to their direct supervisor which require action (such as safety concerns, contractor non· 
compliance and equipment use) 

• Accurately measure and certify truck capacities (recertify on a regular basis) 
• Properly and accurately complete and physically control load tickets (in tower and field) 
• Ensure that trucks are accurately credited for their load 
• Ensure that trucks are not artificially loaded (ex: debris is wetted, debris is fluffed -not compacted) 
• VaUdate hazardous trees, including hangers, leaners, and stumps 
• Ensure that hazardous wastes are not mixed in loads 
• Ensure that all debris is removed from trucks at Debris Management Sites (OMS) 
• Report if improper equipment is mobilized and used 
• Report if contractor personnel safety standards are not followed 
• Report if general public safety standards are not followed 
• Report if completion schedules are not on target 
• Ensure that only debris specified in the contract is collected (and is identified as eligible or ineligible) 
• Assure that force account labor and/or debris contractor work is within the assigned scope of work 
• Monitor site development and restoration of DMSs 
• Report to supervisor if debris removal work does not comply with all local ordinances as well as 

State and Federal regu lations (i.e., proper disposal of hazardous wastes) 
• Record the types of equipment used (Time & Materials contract) 
• Record the hours equipment was used, include downtime of each piece of equipment by day (Time 

& Materials contract) 

Applicants may request FEMA/State assistance with debris mOnitoring or monitor training. 

Only FEMA has the authority to make eligibility decisions; contractors cannot make eligibility determillations. 
Information on eligibility can be found in the Public Assistance Debris Management Guide FEMA 325, the Public 
Assistance Policy Digest FEMA 321, the Public Assistance Applicant Handbook FEMA 323, and the Public 
Assistance Guide FEMA 322. 

Monitorin Re uirements b T e of Contract 

Unlike other categories of work eligible for Public Assistance grants, initial debris removal project 
worksheets typically do not have a defined scope of work, since precise quantities of debris are difficult 
to attain. Therefore, unit price contracts which pay by debris volume or weight removed are typically 
implemented. Unit price contracts require extensive mOnitoring to determine accurate quantities of 
eligible debris removed and disposed. As load tickets are compiled and accurate quantities are 
dete:rmined through monitoring, the scope of work for the project worksheet, or version, is established. 
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In some cases, time and materia ls contracts may be more cost eHective and appropriate for the amount 
and type of eligible work to be performed . For both time and ma terials and lump sum contracts, debris 
monitors must still document and quantify eligible debris amounts in order to determine reasonableness 
of costs. 

The table below includes a breakdown of monitoring requirements by contract type. 

Type of Project Worksheet Scope of Subgrantee Monitoring Comments 
Contract Work Re uired 

u 0 .. = 0 '. 0 
0 
Q ." ~ ·u ." '" 0.0 " o ,- • ::1 o 0 

~ . ~ Q o .~ ul:l -' 0 .. 
Lump Sum Defined debris quantities Quantities are still required to 

and reasonable costs. determine reasonable costs. 
Estimate is basis for contract 
costs. 

Unit Price- Based on eligible debris -I -I -I -I -I Cy listed on load tickets 
Unit Price - Based on actual weight 
Ton measurements of eligible -I -I -I 

debris listed on load tickets. 
Time and Based on labor, equipment Typically used for road clearance. If 

Materials and materials records. used for debris removal, quantities 
Reasonable costs evaluated -I ., ., -I are still required to determine 
by determining costs per reasonable costs. Eligible costs are 
unit. restricted to u to 70 hours. 

Monitorin Contracts 

The request for proposal (RFP) for debris monitoring contracts should outline the qualification of debris 
monitors. The qualifications should be appropriate for the individual responsibilities and duties listed 
above, and debris monitors should have experience working on construction sites and be familiar with 

safety regulations. It is not necessary to have professional engineers and other certified profesSionals 
perform these duties. Debris monitors primarily should have the ability to estimate debris quantities, 
differentiate between debris types, properly fill out load tickets, and follow all site safety procedures. 

The RFP should also outline possible locations to be monitored and reporting requirements to document 

eligible debris quantities. 
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Monitoring contracts are typically time and materials and must contain a lIot-to-exceed clause per the 
requirements of Part 13 of 44 CFR. The subgrantee should ensure the level of monitoring and overhead 
claimed is commensurate with the level of effort required to effectively monitor the debris removal and 
monitoring operation. In addition to the costs for the monitors, the subgrantee can claim as part of its 
monitoring project worksheet reasonable costs for the debris monitoring contractor to provide traininSt 
oversight, and data compilation as required by the terms of the contract. Architectural and engineering 
service overhead should not be claimed. Additional information on costs that are eligible can be found 
in the Public Assistance Debris Management Guide FEMA 325. 

The monitoring contractor costs associated with compiling data to verify costs invoiced by the debris 
removal contractor can be an eligible expense. Costs associated with attending meetings with FEMA 
andlor the Grantee and compiling documentation for the production of project worksheets are funded 
through the administrative allowance as stated in 44 CFR, Part 206.228 and cannot be a di rect charge to a 
Public Assistance grant. 

Re or tin Re uirements & Performance Measures 

If FEMA is providing grant assistance for the applicant's monitoring contract, a sample of the reporting 
requirements outlined in the contract will be required to substantiate the eligible costs. This sample 
must be adequate to demonstrate that sufficient measures were taken to ensure eligibility and accurate 
quantities are being reported as part of the grant. Applicants should require debris monitors to submit 
daily reports on load quantities, debris management site operations, and operational and safety issues in 
the field. Regular reporting helps to promote quality assurance and provides the applicant with a 
consistent accounting of operations in the field. 

If a time and materials monitoring contract is used, the contractor will have to supply labor, equipment 
and material records to the subgrantee in order to substantiate the actual costs in the project worksheet. 

Continuous mOnitoring of all activities of a debris contractor can help promote efficiency and 
effectiveness in the debris removal operation. In evaluating a contractor's performance, primary interest 
is in the progress toward completion of the services called for and the financial status of the contract. It 
is important that the contract provide for submission of reports and payment estimates to aid in 
evaluating the contractor's progress. 

Applicant debris monitoring responsibilities may include tracking performance measures used to assess 
the progress of debris removal operations in the field. Specific debris contract performance measures 
may include: 

• Percentage completion tracking 
• Adherence to contract time schedules 
• Adherence to contract cost schedules 
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Contract Procurement Re uirements 

To be eligible for reimbursement under the Public Assistance Program, contracts for debris monitoring 
must meet rules for Federal grants, as provided for in 44 CFR Part 13.36 Procurement 
(httl2:lIwww.access.gpo.gov!nara!cfr/waisidx 04/44cfr13 04.html). Public Assistance applicants should 
comply with their own procurement procedures in accordance with applicable State and local laws and 
regulations, provided that they conform to applicable Federal laws and standards identified in Part 13 . 

.,;-flo7 
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Disaster recovery assistance is available without regard to race, color, national origin, sex, age, religion, disability, or 
economic status.Anyone who believes he/she has been discriminated against should contact the FEMA Helpline at: 
1-800-525-0321. 

Report fraud, waste, and abuse to FEMA’s Office of Inspector General on the Hotline at 1-800-323-8603. 
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Glossary 


Debris-causing Incident: An unplanned incident caused by natural or human means that 
creates debris. 

Debris Clearance: Clearing roads and other critical infrastructure by pushing debris to the 
roadside to accommodate emergency traffic. 

Debris Monitoring: Actions taken by applicants in order to document eligible quantities 
and reasonable expenses during debris activities to ensure that the work complies 
with the contract scope-of-work and/or is eligible for Public Assistance grant 
reimbursement. 

Debris Removal: Picking up debris and taking it to a Temporary Debris Sorting and 
Reduction (TDSR) site, composting facility, recycling facility, permanent landfill, or 
other reuse or end-use facility. 

Disaster Debris: Items and materials broken, destroyed, or displaced by a natural or 
human-caused disaster. Examples of debris include, but are not limited to, 
vegetative waste, construction and demolition material, and personal property. 

Disaster Debris Management: Actions related to the management of disaster debris 
including assessment, clearance, removal, sorting, reduction, hauling, and disposal. 

Force Account: The Federal Emergency Management Agency (FEMA) uses the term “Force 
Account” to refer to a jurisdiction’s own personnel and equipment. 

Hazardous Waste: Waste with properties that make it potentially harmful to human health 
or the environment. Hazardous waste is regulated under the Resource Conservation 
and Recovery Act (RCRA). In regulatory terms, a RCRA hazardous waste is a waste 
that (1) appears on one of the four hazardous wastes lists or (2) exhibits at least one 
of the following four characteristics: ignitability, corrosivity, reactivity, or toxicity. 
See http://www.epa.gov/osw/hazwaste.htm. 

Initial Damage Assessment: The initial damage assessment is used to determine the 
magnitude and impact of an incident’s damage. Also referred to as a “pre-
Presidential Damage Assessment,” it is often the first assessment a jurisdiction does 
to determine the impact of an incident. 

National Response Framework: A framework developed to facilitate the delivery of all 
types of federal assistance to states following a disaster. It outlines the planning 
assumptions, policies, concept of operations, organizational structures, and specific 
assignments and agencies involved in federal assistance to supplement state, tribal, 
and local efforts. 

Preliminary Damage Assessment (PDA): A joint assessment used to determine the 
magnitude and impact of an event's damage. A FEMA/state team will usually visit 
local applicants and view their damage first-hand to assess the scope of the damage 
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GLOSSARY 

and estimate repair costs. The state uses the results of the PDA to determine if the 
situation is beyond the combined capabilities of the state and local resources and to 
verify the need for supplemental federal assistance. The PDA also identifies any 
unmet needs that may require immediate attention. 

Recovery: The phase of emergency management that encompasses activities and programs 
implemented during and after response that are designed to return the entity to its 
usual state or to a “new normal.” 

Response: Activities that address the short-term, direct effects of an incident. Response 
includes immediate actions to save lives, protect property, and meet basic human 
needs. Response also includes the execution of emergency operations plans and 
mitigation activities designed to limit the loss of life, personal injury, property 
damage, and other unfavorable outcomes. 

Right-of-Entry: The document by which a property owner confers to a jurisdiction or their 
contractor the right to enter onto private property for a specific purpose without 
committing trespass. 

Right-of-Way: The portions of land over which facilities such as highways, railroads, or 
power lines are built. It includes land on both sides of the facility up to the private 
property line. 

Seattle Urban Area Security Initiative (UASI) Region: Geographic region of King, Pierce, 
and Snohomish counties and the jurisdictions, special purpose districts, private and 
public organizations, cities, and tribes that make up the counties. 

Temporary Debris Sorting and Reduction (TDSR) Site: A location where debris is sorted, 
processed, reduced in volume, and/or disposed of. 

Solid Waste Collection Company: Private entities that provide daily municipal solid waste 
service through the transportation and/or disposal of solid waste. 
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1. Introduction 


1.1 Mission 
The Seattle Urban Area Security Initiative Region (Seattle UASI Region), composed of King, 
Pierce, and Snohomish counties and the core cities of Seattle and Bellevue, recognizes that 
natural and human-caused disasters have the potential to create debris that can disrupt the 
quality of life for citizens living in the Region, and that can complicate disaster response and 
recovery following such disasters. The Region also recognizes that planning for such 
disasters can lessen the impact on the community, economy, and the environment. This 
Disaster Debris Management Plan provides guidance to the Region that will help with 
planning, mobilizing, organizing, and controlling a disaster debris-causing incident. This 
guidance applies to all jurisdictional levels within the Region. Local officials are encouraged 
to review their community’s vulnerability to a disaster and to plan how they and their 
regional partners would manage a debris clearance, removal, and disposal operation if the 
need arises. 

1.2 Purpose 
This Disaster Debris Management 
Plan is designed to assist emergency 
response and recovery staff with 
planning for and managing debris 
clearance, handling, and recycling or 
disposal. This plan identifies 
recommendations for regional 
priorities, roles, responsibilities, and 
resources to address debris-causing 
incidents that might overwhelm the 
normal capabilities of the Seattle 
UASI Region. This plan also includes 
a template for an operational plan in 
Appendix D, Operational Debris 
Management Plan Template, for 
jurisdictions to use when preparing 
their own operational plans. 

1.3 Scope 
This Disaster Debris Management 
Plan covers the geographic region of 
King, Pierce, and Snohomish counties 
(Figure 1-1), including individual 

FIGURE 1-1 
Seattle UASI Region 
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1. INTRODUCTION 

jurisdictions, special purpose districts, private and public organizations, cities, and tribes 
within these counties. This plan describes regional priorities, roles, and responsibilities, but 
does not address these issues at a local level. Operational plans should be developed by 
local jurisdictions to address the specific issues of their individual jurisdictions, special 
purpose districts, and tribal nations. 

1.4 Alignment with Other Plans and Documents 

National Response Framework 
In February of 2003, Homeland Security Presidential Directive (HSPD) 5 directed the 
Secretary of Homeland Security to develop the National Incident Management System 
(NIMS) and the National Response Plan (NRP) to provide a consistent national approach for 
federal, state, and local governments to work effectively and efficiently during a domestic 
incident response. In March 2008, the NRP was revised and reissued as the National 
Response Framework (NRF). The NRF improves on the NRP by systematically 
incorporating public-sector agencies at all levels, the private sector, and nongovernmental 
organizations (NGOs). The NRF also emphasizes the importance of personal preparedness 
by individuals and households. 

This plan supports the Emergency Support Functions (ESF) #3: Public Works and 
Engineering Annex, and ESF #14: Long-Term Community Recovery and Mitigation Annex 
of the Department of Homeland Security’s (DHS) National Response Framework (DHS 
2004a; 2004b) by providing for coordination of disaster debris operations through all levels 
of government using a NIMS organization structure.  

Washington Comprehensive Emergency Management Plan 
This Disaster Debris Management Plan supports the Washington Comprehensive 
Emergency Management Plan ESF #3: Public Works and Engineering Annex, and ESF #14: 
Long-Term Community Recovery and Mitigation Annex, by providing a framework to 
organize disaster debris operations through all levels of government. Currently, 
Washington state does not have a statewide plan for managing disaster debris incidents. 

Operational Disaster Debris Management Plans for Individual Jurisdictions 
This Disaster Debris Management Plan supports individual jurisdictions in the Seattle UASI 
Region by providing a framework and making recommendations that can be used by the 
jurisdictions to develop their own operational disaster debris management plans. This plan 
provides the jurisdictions with the flexibility to develop a plan that best addresses their 
individual needs, but still ensures continuity within the region. 

1.5 Plan Organization 
This plan consists of 14 chapters, and 12 appendices.  

•	 Chapter 1 – Introduction: Outlines the mission, scope, and purpose of this plan and 
how this plan aligns with other documents. Summarizes the structure for the entire 
plan. 
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1. INTRODUCTION 

•	 Chapter 2 – Organization and Concept of Operations: Identifies the stakeholders in this 
Disaster Debris Management Plan, and discusses the roles of stakeholders and various 
outside agencies when implementing debris removal after a debris-causing incident. 

•	 Chapter 3 – Legislation and Policies: Discusses federal, state, and local legislation, 
policies, and plans, including policies adopted by King, Snohomish and Pierce 
counties, that affect debris management in a disaster scenario.  

•	 Chapter 4 – Debris Clearance, Processing, and Disposal Priorities: Discusses how to 
prioritize debris collection after a major or catastrophic debris-causing incident in a 
manner that will hasten incident response times, as well as short- and long-term 
recovery efforts. 

•	 Chapter 5 – Types of Hazards: Discusses the types of natural or human-caused 
disasters that may occur in the Region.  

•	 Chapter 6 – Types of Debris: Lists classifications of debris according to composition, 
source, and disposal methods. 

•	 Chapter 7 – Regional Capacities: Outlines the Region’s normal and surge capacity to 
handle waste.  

•	 Chapter 8 – Disaster Debris Operations: Discusses the various steps that must be taken 
to respond to and recover from a debris-causing incident. 

•	 Chapter 9 – Mutual Aid and Interlocal Agreements: Discusses various resources 
available through mutual aid or interlocal agreements. 

•	 Chapter 10 – Contract Management and Pre-identified Contractors: Outlines the 
process for pre-qualifying debris removal contractors to ensure immediate availability 
of assistance after a debris-causing incident. 

•	 Chapter 11 – Eligibility for Funding: Defines the current funding eligibility 
requirements for debris removal under the Federal Emergency Management Agency 
(FEMA) Public Assistance Program. 

•	 Chapter 12 – Public Notification and Communication Plan: Discusses ways to 
communicate effectively with other jurisdictions and agencies, contractors, and the 
public before, during, and after a debris-causing incident.  

•	 Chapter 13 – Staff Development and Responsibilities: Lists the staff who will be needed 
to manage debris removal in the event of a disaster, and describes the specific roles that 
jurisdictional staff may assume when planning, responding to, and recovering from a 
debris-causing incident. 

•	 Chapter 14 – References: A list of the references used throughout this report. 

•	 Appendix A – Additional Debris Resources 

•	 Appendix B – Online Resources 

•	 Appendix C – Debris Mitigation Strategies 
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1. INTRODUCTION 

• Appendix D –Operational Debris Management Plan Template 

• Appendix E – Temporary Debris Sorting and Reduction Site Planning 

• Appendix F – Sample Forms for Debris Tracking 

• Appendix G – Example of Time and Materials Contract for Debris Removal 

• Appendix H – Example of Unit Price Contract for Debris Removal 

• Appendix I – Example of Lump Sum Contract for Debris Removal 

• Appendix J – Example of Right-of-Entry Permit 

• Appendix K – Washington Public Assistance Damage Assessment 

• Appendix L – Mutual Aid Agreement Sample Template 
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2. Organization and Concept of Operations 


This chapter identifies the sponsors and stakeholders of this Disaster Debris Management 
Plan and discusses the roles and responsibilities of the plan sponsors, stakeholders, and 
various outside agencies when maintaining the plan and implementing debris removal after 
a debris-causing incident. 

2.1 Plan Administration 
This plan is owned and managed by the Seattle UASI Region Disaster Debris Stakeholders 
and Plan Sponsors. The Seattle UASI Region Disaster Debris Management Plan was 
accepted by the plan sponsors on March 20, 2008. 

Identification of Plan Stakeholders and Sponsors 
Plan stakeholders include city, county, state, and tribal organizations and entities in the 
Seattle UASI Region that have an active role in debris management, including municipal 
solid waste agencies, local emergency management entities, and local public health 
departments/districts. Stakeholders should be responsible for or have a major interest in 
disaster debris management. A subset of plan stakeholders, the Disaster Debris 
Management Plan sponsors (the “plan sponsors”), is composed of the four agencies that 
administer Washington State comprehensive solid waste management plans for their 
jurisdictions. These agencies include: 

• Seattle Public Utilities Solid Waste Utility 
• Snohomish County Solid Waste Division 
• King County Solid Waste Division 
• Pierce County Public Works and Utilities 

The Seattle UASI Region Disaster Debris Management stakeholders that assisted in 
developing this plan are listed on page v of this plan. 

Plan Administration Roles and Responsibilities of Plan Stakeholders 
Stakeholder participation is voluntary, but active involvement from a wide range of 
stakeholders is key to ongoing success of the plan. Plan stakeholders (stakeholders) will 
participate in semiannual disaster debris management plan maintenance meetings. These 
meetings will be used to adjust and define the overall function of the plan and review 
changes and updates to the plan. 

Plan Sponsorship 
Plan sponsorship will rotate annually among the four plan sponsors (sponsors) indicated 
above. The sponsor will be responsible for identifying a location for the two semiannual 
meetings that year and developing the agendas for the following fall and spring meetings, 
and will have primary responsibility for any administrative duties during the plan year, 
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2. ORGANIZATION AND CONCEPT OF OPERATIONS 

including maintenance and updates to the plan. For the two meetings that year, the sponsor, 
in coordination with the representative identified for each of the other two counties, will 
compile changes suggested by the stakeholders and will add these to the meeting agenda 
for discussion. 

Plan Ownership and Maintenance 
The stakeholders will meet semiannually to discuss items of regional disaster debris 
management significance and review any suggested changes proposed by all the 
stakeholders. Semiannual meetings will be hosted by the current sponsor; these meetings 
will be held in preparation for the winter storm season and the summer fire season. 
Following a debris management incident that impacts more than one jurisdiction in the 
Region, the current sponsor will contact the stakeholders to determine the need for a special 
meeting to discuss any newly identified disaster debris management issues. Based on the 
response from the stakeholders, the sponsor will decide if a special meeting is necessary or 
if concerns can be addressed at the next regularly scheduled meeting. 

Suggested changes to the plan may be contributed by any stakeholder and will be submitted 
to the sponsor at least one month before the next semiannual meeting so that issues can be 
placed on the meeting agenda. The sponsor will send the meeting agenda, with any 
suggested plan changes, to all stakeholders two weeks prior to the meeting. 

Plan changes will be accepted with the support of 50 percent of all stakeholders in 
attendance at the meeting. At least ten stakeholders need to be present in order to vote on 
plan changes. The sponsor is responsible for tallying and recording the results of all 
proposed plan changes. The sponsor, with support from one stakeholder from each of the 
other two counties (three persons in all) will be responsible for (1) updating the plan in 
accordance with the changes accepted during the semiannual debris management 
maintenance meetings, and (2) sending meeting summaries to all the stakeholders. 

Inclusion in After-Action Reports 
Following an incident or event, if applicable, stakeholders should evaluate the performance 
of this plan as part of the development of their jurisdictional after-action report (AAR). Any 
suggested changes or adjustments to this plan should be brought to the next semiannual 
debris management maintenance meeting for consideration by the stakeholders and 
sponsors. 

Inclusion in Regional Joint Debris Task Forces 
Any debris-causing incident that requires a federal disaster declaration will trigger the 
creation of a regional joint debris task force by the Federal Emergency Mamangement 
Agency (FEMA). Following such an incident, the current sponsor will work with the 
Washington Emergency Management Division (WAEMD) and the plan stakeholders to 
ensure at least one stakeholder is included in the regional joint debris task force. 

2.2 Response to Debris-Causing Incidents 
Jurisdictions in the Seattle UASI Region respond to emergencies daily using their own 
resources. They also rely on mutual aid and assistance agreements with neighboring 
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2. ORGANIZATION AND CONCEPT OF OPERATIONS 

jurisdictions when they need additional resources. When these jurisdictions cannot meet 
incident response needs with their own resources or with help available from other local 
jurisdictions, they may ask the state for assistance. 

If additional resources beyond what the state can provide are required, the state may 
request assistance from other states through interstate mutual aid and assistance agreements 
such as the Emergency Management Assistance Compact (EMAC). Administered by the 
National Emergency Management Association, EMAC is a congressionally ratified 
organization that provides form and structure to the interstate mutual aid and assistance 
process. (See Appendix B, Online Resources, for more information on the services provided 
by EMAC.) If an incident is beyond local and state capabilities, the governor can seek 
federal assistance. The state will collaborate with the impacted communities and the federal 
government to provide the needed help. Figure 2-1 shows the expected escalation of 
operations as an incident grows larger and exceeds a jurisdiction’s ability to respond 
effectively. 

2.3 Role of Debris Management Agencies 
During a debris-causing incident, the following agencies may be directly involved in the 
management of debris.  

Local Solid Waste and Public Works Agencies 
Local solid waste agencies provide solid waste service to their communities through their 
own employees or via contract with a solid waste collection company. In a jurisdiction, this 
group is most likely to be tasked with creating an operational disaster debris management 
plan and directing disaster debris clearance and removal operations during an incident. 

Local Emergency Management Agencies 
Local emergency management agencies plan for, respond to, and mitigate the impact of 
hazards in order to protect the lives, property, economy, and environment of their 
jurisdictions. During a debris-causing incident, these agencies would provide planning and 
logistical support for disaster debris clearance and removal operations. 

Local Public Health Agencies 
Public health agencies manage programs and create regulations to protect citizens’ health by 
limiting exposure to environmental hazards. During debris-causing incidents, public health 
agencies work with local solid waste agencies to protect public health. This may include 
inspecting and approving temporary debris sorting and reduction (TDSR) sites, evaluating 
the enforcement of public health regulations to hasten debris response and recovery 
operations, and developing best practices to process and dispose of debris. 
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FIGURE 2-1 
Response Concept of Operations 

2.42.4 Roles of External AgenciesRoles of External Agencies 
External agencies includExternal agencies include local, state, federal,e local, state, federal, anand tribal agencies that prd tribal agencies that provide guidaovide guidannce orce or 
assistaassistannce ince in debris managementdebris management planning andplanning and operoperations, but do not haations, but do not have a lead role at tve a lead role at thhee 
local levelocal level. Dependingl. Depending on their mission, eachon their mission, each external agency will haveexternal agency will have different roles anddifferent roles and 
responsibilitresponsibilities related to debrisies related to debris management planning andmanagement planning and operations.operations. 

Solid WastSolid Waste Collectioe Collection Companiesn Companies 
Solid waste collection companies areSolid waste collection companies are private enprivate entities that provide daily mtities that provide daily muunicinicipal solipal solidd 
wastewaste service through thservice through the transportae transportation and/ortion and/or disposal of solid waste.disposal of solid waste. During debris-During debris-
causing incidents,causing incidents, thesthesee companies can be tacompanies can be tasksked with maintaining existing municiped with maintaining existing municipaal solidl solid 
wastewaste servicservice, as well ase, as well as potentially providingpotentially providing additional resources to assist with dadditional resources to assist with deebrisbris 
clearance, processing, anclearance, processing, and disposald disposal activities.activities. 
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2. ORGANIZATION AND CONCEPT OF OPERATIONS 

Debris Management Contractors 
Debris management contractors may provide additional resources to assist with debris 
clearance, removal, separation, and disposal during debris-causing incidents. These 
contractors can be contracted with prior to an incident to ensure efficient response during or 
after the incident or event. Federal agencies such as the United States Army Corps of 
Engineers (USACE) and U.S. Environmental Protection Agency (EPA) may also have 
contract resources available to assist with debris management operations. 

Washington State Department of Ecology (Ecology) 
Ecology is responsible for the protection of Washington’s environment. Ecology provides 
statewide regulation of municipal solid waste and hazardous waste. During a disaster, 
Ecology may support and advise local health departments and solid waste agencies, as 
needed, regarding disaster debris operations. Ecology may also issue temporary permits or 
recommend to the governor that certain regulations be suspended if necessary, to hasten 
response and recovery. 

Washington State Department of Health (DOH) 
The DOH manages programs and creates regulations to protect citizens’ health by limiting 
exposure to environmental hazards. During a debris-causing incident, DOH will assist local 
health authorities as requested to ensure appropriate steps are being taken to maintain the 
health of the state’s citizens and workers. 

Washington State Emergency Management Division (WAEMD) 
The WAEMD may assist local jurisdictions by facilitating the governor’s disaster 
proclamations, facilitating EMAC requests, requesting Federal Disaster Declarations, and 
administering FEMA public and individual assistance requests. During the response phase 
of debris management, the WAEMD can ensure that facilities are operating in compliance 
with federal and state regulations and can determine priorities for handling/removal. 

Washington State General Administration (GA) 
GA is the primary state agency responsible for Emergency Support Function (ESF) #3: 
Public Works and Engineering under the Washington State Comprehensive Emergency 
Management Plan, which includes coordination of logistical and engineering support for 
state facilities. During a debris-causing incident, GA primarily supports state agencies, but 
would also provide resources to local requests that are coordinated through the Washington 
State Military Department, Division of Emergency Management. 

Washington National Guard 
The Washington National Guard may provide equipment, personnel, and technical 
assistance to protect the State of Washington. During debris-causing incidents, National 
Guard resources provide security for equipment staging and debris sorting and reduction 
sites, limited electrical power and sheltering, traffic control, and aerial reconnaissance. 
Washington National Guard resources are available after local resources have been 
exhausted through a request to the State Emergency Management Division. 
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2. ORGANIZATION AND CONCEPT OF OPERATIONS 

Washington State Patrol (WSP) 
WSP is the lead law enforcement agency within the state of Washington. During a debris-
causing incident, WSP supports local law enforcement with evacuation of persons and 
property, coordination (along with the Washington Department of Natural Resources) of 
disaster firefighting and state firefighting resources through the Washington State Fire 
Mobilization Plan, and augmentation of local law enforcement resources. 

Local Emergency Planning Committees (LEPC)  
LEPCs are made up of representatives from private industry, government agencies, and 
citizens. The primary mission of LEPCs is to assist in the development of plans, procedures, 
and communications material for routine and emergency handing of hazardous materials. 
Because debris-causing incidents have the potential to generate large amounts of hazardous 
debris, LEPC plans should be reviewed and incorporated into each jurisdiction’s operational 
disaster debris management plans. 

There are currently nine LEPCs in the Seattle UASI Region (U.S. EPA 2008), including: 

• City of Kent 
• City of Puyallup 
• City of Seattle 
• Town of Steilacoom 
• Fort Lewis 
• King County 
• Pierce County 
• Snohomish County 
• Southwest Snohomish County 

Puget Sound Clean Air Agency (PSCAA) 
The PSCAA is responsible for regulating air quality in Puget Sound. During debris-causing 
disasters, the PSCAA provides advice on outdoor burning of debris and the removal and 
disposal of debris containing asbestos. They also provide information and possible 
monitoring of air quality for debris operations that create large quantities of dust. 
Depending on the disaster severity, PSCAA can suspend part or all of the Washington Clean 
Air Act or Regulations I, II, and III. 

United States Department of Agriculture (USDA) 
The USDA Natural Resource Conservation Service (NRCS) provides technical and financial 
assistance to private land owners, land users, communities, and state and local governments 
in planning and implementing conservation systems that conserves soil, water, and other 
natural resources. NRCS is limited in its authority with debris-related activities and is 
limited to either runoff retardation or soil erosion prevention in response to a sudden 
impairment in the watershed which creates an imminent threat to life or property. Typically, 
this includes debris within or in close proximity to a channel. 

The USDA Animal, Plant and Health Inspection Service (APHIS) may provide support 
under the Veterinary Service Program and the Plant Protection and Quarantine Program. 
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Both public and private lands are eligible under these programs, which provides assistance 
to federal and state agencies, tribes, local jurisdictions, and private landowners to manage 
animal and plant health by collecting and providing information, conducting or supporting 
treatments, and providing technical assistance for planning and program implementation 
(removal). 

United States Coast Guard (USCG) 
The USCG, under the Ports and Waterways Safety Act (33 U.S.C. § 1221), is responsible for 
keeping waterways safe and open. While there is no specific language stating that the USCG 
is responsible for debris removal from waterways, the USCG has been tasked in the past to 
assist in waterway and marine transportation system recovery. 

United States Department of Defense (DOD) 
The Seattle UASI Region has numerous DOD facilities with equipment and personnel that 
may be requested in response to a debris-causing incident. Requests for these assets are 
coordinated through the Washington State Military Department, Division of Emergency 
Management and are only available after all local private and public resources have been 
exhausted or are soon to be exhausted. 

United States Army Corps of Engineers (USACE) 
The USACE is the lead agency for ESF #3, Public Works and Engineering, of the NRF, which 
includes debris management. During a Presidentially declared disaster, the USACE may 
supply technical assistance to local responders for completing debris removal. The USACE 
also has contract resources available to support local debris management operations. 

United States Environmental Protection Agency (EPA) 
EPA may provide technical assistance and advice on collection, reduction, and disposal of 
contaminated debris and other hazardous materials during debris management operations. 
EPA also has contract resources available to assist with collection, management, and 
disposal of hazardous materials. 

Federal Emergency Management Agency (FEMA) 
FEMA is the federal agency charged with coordinating emergency management functions in 
the federal government. In catastrophic disasters, FEMA may provide direct federal 
assistance to support local, tribal, and state governments in performing some of the 
activities related to debris clearance, removal, and disposal. The response capabilities of 
local, tribal, and state governments must be exceeded before this level of assistance can be 
provided. Following a Presidential declaration, FEMA may elect to use its mission 
assignment authority to task other federal agencies with debris clearance, including the 
USACE and EPA. 

2.5 Interaction with Neighboring Jurisdictions 
Disaster debris-causing incidents may have a regional scope that would require cooperation 
with jurisdictions outside the Seattle UASI Region. Coordinating debris management 

Disaster Debris Management Plan 
May 2008 

2-7 
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incidents with neighboring jurisdictions will follow standard NIMS Incident Command 
System (ICS) protocols. If the Region’s resources are overwhelmed by a disaster, it is 
possible that neighboring jurisdictions may provide resources. Jurisdictions within the 
Region should enter into mutual aid agreements to address resource gaps and ensure 
adequate resources and support following a disaster. 
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3. Legislation and Policies 


This chapter discusses federal, state, and local legislation, policies, and plans. The section 
also includes policies adopted by King, Snohomish, and Pierce counties that affect disaster 
debris management planning, response, and recovery. 

3.1 Federal Legislation and Policies Impacting Debris 
Operations 

Application of Environmental Laws during the Response Phase of a Disaster and 
Possible Exemptions 
In the event of a disaster, efforts should be made by responders to comply with all federal 
and state environmental regulations. However, due to the sudden onset of disasters and the 
need to respond quickly, preservation of public health and safety is paramount, which may 
result in the governor and FEMA invoking exemptions to regulations during the response 
phase of a disaster. When disaster debris operations move from response to recovery, all 
applicable federal, state, and local regulations should be followed. 

There are currently 50 applicable exemptions to federal environmental laws. These 
exemptions typically allow either the President or the EPA Administrator to waive, 
suspend, or modify existing requirements. These exemptions are given on a case-by-case 
basis for emergencies, disasters, or matters of national security, or if the action is of 
paramount importance to the country (American Bar Association 2005). For example, the 
Stafford Act exempts immediate response actions from National Environmental Policy Act 
(NEPA) requirements (see the following section for more information). The Council on 
Environmental Quality’s (CEQ) implementing regulations exempt emergencies and 
disasters from NEPA altogether, or from its environmental impact statement requirements. 
(Note that NEPA itself does not contain any exemptions.) In addition, all the federal laws 
listed in Table 3-1 below provide specific exemptions that can be invoked in the aftermath of 
disasters. 

Application of Environmental Laws during the Recovery Phase of a Disaster and 
Possible Exemptions 
Before initiating recovery efforts after a disaster, NEPA, and other applicable federal 
regulations must be addressed if any of the following conditions occur: 

• Debris disposal other than to a permitted landfill 
• Projects whose footprint differs from pre-disaster conditions 
• Public assistance projects with hazard mitigation proposals 
• Projects affecting a historic or potentially historic site or structure 
• Projects affecting a current or proposed threatened or endangered species 
• Projects affecting a wetland 

Disaster Debris Management Plan 
May 2008 

3-1 



  

 
 

 

  

 

 

 

 
 
 

 
 
 

 

 

3. LEGISLATION AND POLICIES 

TABLE 3-1 
Federal Environmental Laws and Washington State Equivalent Legislation 

Federal Legislation State Legislation 

National Environmental Policy Act 


Endangered Species Act 


National Historic Preservation Act 


Resource Conservation and Recovery Act 


Comprehensive Environmental, Response, 

Compensation, and Liability Act 


Coastal Zone Management Act 


Clean Water Act (Section 404)
 

Clean Air Act 


Rivers and Harbors Act (Section 10) 


Executive Order 11990, Wetlands Protection
 

Executive Order 11988, Floodplain 

Management 


Executive Order 12898, Environmental Justice 


Executive Order 12941, Seismic Safety
 

Chapter 43.21C RCW, State Environmental Policy 

Title 77 RCW; Chapter 77.12.020 Designation of 
Threatened and Endangered Species; Chapter 77.85 RCW, 
Salmon Recovery 

Chapter 27.53 RCW, Archaeological Sites and Resources 

Chapter 70.95 RCW, Solid Waste Management – Reduction 
and Recycling 

Chapter 70.105D RCW, Model Toxics Control Act 

Chapter 90.58 RCW, Shoreline Management Act of 1971 

Chapter 90.48 RCW, Water Pollution Control 

Chapter 70.94 RCW, Washington Clean Air Act 

No counterpart statue 

WAC 365-190-080, Critical Areas 

Chapter 86.16 RCW, Floodplain Management 

No counterpart statue 

Chapter 38.52 RCW, Emergency Management 

RCW = Revised Code of Washington 
WAC = Washington Administrative Code 

•  Projects affecting a floodplain 
• Cleanup and/or disposal of oil and hazardous materials 
• Projects with known or suspected environmental concerns 

The following actions, whether approved by the state or FEMA, must undergo an 
environmental review by FEMA before construction can begin: 

• Improved projects 
• Alternate projects 
• Other projects in which the already approved scope of work has been changed 

In the event of a federally declared disaster and if FEMA provides federal funding, 
applicants must comply with federal environmental and historic preservation laws. 
Washington state has counterpart legislation for many of these federal environmental laws 
(state statutes modeled after federal statutes typically incorporate the federal requirements). 
These laws are listed in Table 3-1 below. 

Exemptions to federal environmental laws can occur during the recovery phase only with 
specific guidance from FEMA. The following emergency work may be done without 
triggering federal environmental laws (Greenbook, FEMA and State of Washington 2003). 
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3. LEGISLATION AND POLICIES 

•	 Emergency actions (e.g., search and rescue, emergency care, issues of life and safety) 

•	 Debris clearance (not necessarily disposal or storage/staging) 

•	 Repair and restoration to pre-disaster conditions, provided there is no significant change 
in the construction footprint (unless the structure is older than 50 years) 

•	 Temporary repairs (unless the structure is older than 50 years) 

Stafford Act 
The Robert T. Stafford Disaster Relief and Emergency Assistance Act (Stafford Act) (as 
amended by Public Law 106-390 in 2000) is designed to simplify the process of providing 
federal assistance to state and local governments in the event of a natural disaster. The 
Stafford Act is an amended version of the Disaster Relief Act of 1974, which allows a 
Presidential Disaster Declaration in the case of an emergency. This declaration triggers 
financial and disaster response activities through FEMA. 

The Disaster Mitigation Act of 2000 added a new provision to the Stafford Act. This 
provision emphasizes mitigation planning, and requires local governments to develop and 
submit mitigation plans as a condition of receiving Hazard Mitigation Grant Program and 
Pre-Disaster Mitigation Program funds. Mitigation planning is defined by FEMA as “any 
sustained action taken to reduce or eliminate long-term risk to life and property from a 
hazard event.” 

Excerpt from Stafford Act Regarding Statutory Exemptions to the National Environmental Policy Act (NEPA): 

In responding to emergencies and major disasters, existing provisions of the Stafford Act or CEQ’s regulations either 
statutorily exempt certain activities from NEPA or allow for alternative means of complying with CEQ’s regulatory 
provisions. Certain response actions specifically excluded from NEPA by the Stafford Act (at 42 U.S.C. § 5159) 
include: 

•	 The provision of certain federal resources or assistance essential to meeting immediate threats to life and 
property resulting from a major disaster. (See actions specified under 42 U.S.C. §§ 5170a and 5170b.) 

•	 The repair, restoration, and replacement of public facilities or certain private non-profit facilities, damaged or 
destroyed by a major disaster. (See 42 U.S.C. § 5172.) 

•	 Debris removal from public or private land after a major disaster. (See 42 U.S.C. § 5173.) 

It is important to understand that, as with actions that are categorically excluded, an action statutorily excluded from 
NEPA is not exempt from the requirements of other environmental statutes. An agency would still be responsible for 
complying with all other applicable local, state, and federal laws and regulations relating to health, safety, and the 
environment. This would encompass federal environmental statutes including, among others: the Clean Air Act, the 
Clean Water Act, the Resource Conservation and Recovery Act (RCRA), the Coastal Zone Management Act, the 
Coastal Barrier Resources Act, the Endangered Species Act, and the National Historic Preservation Act. 

In addition to statutory exclusions to NEPA, CEQ regulations allow for “alternative arrangements” in the event of an 
emergency. In such circumstances, the federal agency taking an action should consult with CEQ about what those 
arrangements may be and the time frame within which they must be completed. These alternative arrangements do 
not waive the requirement to comply with NEPA regulations, but establish an alternative means of compliance. 
Agencies and CEQ are to limit such arrangements to actions necessary to control the immediate impacts of the 
emergency. 
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3.2 State Legislation and Policies Impacting Debris 
Operations 

Emergency Powers and Management 
Washington state’s governor can circumvent some normal operating procedures in the 
event of an emergency (Revised Code of Washington [RCW] 43.06.210, Emergency Powers). 
This regulation authorizes the governor to proclaim a “State of Emergency,” which then 
allows for expeditious resource procurement and directs maximum use of state assets. 
Recommendations for a proclamation of emergency are generally made by the Director of 
the Military Department or from a state agency through the state Emergency Management 
Division. Many local jurisdictions have similar ordinances for expediting emergency 
resources procurement in the event of a locally proclaimed disaster. 

RCW 38.52.040, Emergency Management, creates the Washington State Emergency 
Management Council; the Council provides the governor and the director of the 
Washington State Emergency Management Division (WAEMD) with an annual assessment 
of statewide emergency preparedness, including hazard mitigation, seismic safety 
improvements, flood hazards reduction, hazardous materials planning, and response 
activities. The objectives of the Emergency Management Council are to: (1) establish state 
funding sources to support emergency planning and mitigation efforts, and (2) increase 
public awareness and participation in emergency preparedness. 

RCW 38.52.050(3)(a), Emergency Management, authorizes and empowers the governor to 
create, amend, and rescind the necessary orders, rules, and regulations to carry out the 
provisions in the event of a declared emergency, with due consideration of the plans of the 
federal government. In comparison, state agencies have the authority to suspend rules 
stipulated in the Washington Administrative Code (WAC) that they have promulgated, but 
do not have the authority to waive statutes. 

Air Quality 
A potential method for debris disposal in an emergency is outdoor burning. 

The Puget Sound Clean Air Agency (PSCAA) regulates air emissions in King, Snohomish, 
and Pierce counties. RCW 70.94, Clean Air Act. The Clean Air Act stipulates that, in general, 
outdoor burning is not allowed in any urban growth area or city with a population greater 
than 10,000 people, if state or federal air quality standards are exceeded, alternative disposal 
practices consistent with good solid waste management are reasonably available, or 
practices eliminating production of organic refuse are reasonably available. The Washington 
State Department of Ecology (Ecology), local air quality authorities (including the PSCAA), 
and local fire departments also discourage open burning as a primary disposal technique. 
Because of this, outdoor burning of disaster debris would be considered a last resort. 

In extreme cases, the PSCAA may allow outdoor burning for the exclusive purpose of 
managing storm or flood-related debris. The regulations governing outdoor burning (WAC 
Chapter 173-425, Outdoor Burning) establish a permit program for limited burning that is 
applicable to storm or flood debris burning (RCW 70.94.743). "Storm or flood debris 
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3. LEGISLATION AND POLICIES 

burning" means fires consisting of natural vegetation deposited on lands by storms or floods 
that: 

1.	 Have occurred in the previous 2 years; 

2.	 Are the result of an emergency declared by the city, county, or state government; and 

3.	 Are burned on such lands by the property owner or his or her designee  
(RCW 70.94.743 (1)(c)). 

The PSCAA also regulates hazardous particulates, including asbestos, and may examine the 
operations at temporary debris staging areas for dust suppression measures. A notice of 
intent to do any demolition work involving asbestos must be filed with the PSCAA. The 
PSCAA may also provide contractors with guidance relative to asbestos removal and 
disposal in the event of demolition of structures. 

Solid Waste 
RCW 70.95, Solid Waste Management – Reduction and Recycling, provides the overarching 
framework for establishing a comprehensive statewide program for solid waste handling. 
The statute addresses permitting of solid waste handling facilities and authorizes counties 
to prepare comprehensive solid waste management plans. The 1989 Waste Not Washington 
Act (ESHB 1671) revisions to RCW 70.95 established waste reduction and recycling as the 
priority methods of managing waste in the state. 

There are two key implementing regulations for RCW 70.95 that address performance 
standards for solid waste facilities. Municipal solid waste landfills are regulated under 
Chapter 173-351 WAC, Criteria for Municipal Solid Waste Landfills. Chapter 173-350 WAC, 
Solid Waste Handling Standards replaces and expands upon Chapter 173-304 WAC, 
Minimum Functional Standards, and applies to energy recovery and incineration facilities, 
limited purpose landfills, inert landfills, composting facilities, land application sites, and 
intermediate solid waste handling facilities (e.g., transfer stations, drop boxes, piles for 
treatment and storage, surface impoundments and tanks, waste tire storage facilities, and 
moderate risk waste facilities). Chapter 173-350 WAC establishes reduction and recycling as 
priorities in handling solid waste over landfilling and incineration. 

There are no state provisions in the regulations for addressing interim staging sites or 
temporary storage sites for sorting disaster debris. When developing a plan for identifying 
and permitting temporary disaster debris sites, the counties should rely on guidance for 
meeting solid waste standards specified in Chapter 173-350 WAC, as well as the local health 
department and district regulations. 

Washington Utilities and Transportation Commission 
The Washington Utilities and Transportation Commission (WUTC) regulates the collection 
and transportation of solid waste from commercial and residential customers in 
unincorporated areas of the state, and within cities and towns that do not contract for or 
provide solid waste collection services themselves (RCW 81.77). The WUTC does not 
regulate solid waste collection in a city that provides solid waste collection itself or contracts 
for solid waste collection within the city limits (RCW 81.77.020). 
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“Solid waste” includes collecting and transporting source-separated recyclable materials 
collected from residences, but does not include collecting or transporting recyclable 
materials by or on behalf of a commercial or industrial generator of recyclable materials to a 
recycler for use or reclamation. A solid waste collection company must have a certificate of 
public convenience and necessity issued by the WUTC to provide solid waste collection 
services (RCW 81.77.040). 

The WUTC does not regulate as solid waste (RCW 81.77) the transportation of solid waste 
that is incidental to the overall purpose and intent of restoration, reclamation, or salvage 
services. The commission regulates that transportation under RCW 81.80. (Refer to Private 
Carriage, WAC-480-70-041, Commission Order M.V. No. 130721.) 

The WUTC’s authority is limited to the collection and transportation of solid waste 
(including source-separated recyclable materials collected from residences) from generators 
to the disposal or recycling site. The WUTC’s authority does not extend to the transportation 
of solid waste from transfer stations identified in the county’s comprehensive solid waste 
management plan (RCW 36.58.50). The WUTC’s authority does apply to the transportation 
of solid waste from sites that are not identified in the county’s comprehensive solid waste 
management plan (RCW70.95.090(1)). 

The WUTC has an established process to receive and process "expedited solid waste 
applications" to meet urgent and immediate needs. The applicant would need to prove the 
services it wants to provide are in the public interest. If approved, the company would 
receive a certificate of public convenience and necessity to collect and transport solid waste 
for no more 30 days (WAC 480-70-136). 

Chapter 8, Disaster Debris Operations, of this plan describes how solid waste is handled by 
jurisdictions within the Seattle UASI Region. 

3.3 Local Legislation and Policies Impacting Debris 
Operations 

King County 

King County Code (KCC) Chapter 12.52, Emergency Powers 
This code authorizes the King County executive to proclaim an emergency in the event of a 
disaster. The county executive is charged with directing the overall recovery efforts and 
ensuring that all state laws and county ordinances are enforced. KCC 030.B.3 authorizes the 
county executive to direct evacuation and/or clearing of debris and wreckage caused by an 
emergency or disaster from publicly and privately owned lands and waters. 

King County Comprehensive Emergency Management Plan, Emergency Support Function 3 
(ESF #3) for Public Works 
This plan addresses how to handle surface water management, wastewater treatment, and 
solid waste management systems in unincorporated King County in the event of an 
emergency (King County 2003). The plan states that in an emergency, solid waste haulers 
will provide services as outlined in their emergency plans. Free disposal of solid waste is 
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determined by a motion of the King County Council and the county executive’s office. The 
plan acknowledges that in the event of major damage to county-owned solid waste facilities, 
it may be beyond the capacity of the remaining system to handle all incoming solid waste. 
Individual jurisdictions in King County have similar comprehensive emergency 
management plans. 

2001 King County Comprehensive Solid Waste Management Plan 

Consistent with Chapter 70.95 RCW, waste reduction and recycling are the priority methods 
for managing King County’s solid waste. The waste reduction and recycling policy 
(WRR-38) in the plan states that the county shall implement programs to provide for 
affordable collection and recycling of woody debris generated by major storms and for 
residents in areas affected by PSCAA burn bans. 

King County banned construction debris, and land-clearing (CDL) waste at its facilities in 
1993; CDL is directed to the private sector. The exception is small amounts of CDL delivered 
to county transfer stations by residential customers. These amounts are accepted only when 
delivered in vehicles without mechanical unloading (dump bed) capabilities. 

An update to the plan is scheduled to be completed by King County at the end of 2008 and 
will address disaster debris management. 

PUT 7-1-5 (PR) Waste Acceptance Rules for King County Solid Waste Division Solid Waste 
Handling Facilities (2005) 
This policy document describes in detail the acceptance rules for a wide array of materials 
other than mixed municipal solid waste. Some wastes are accepted at the county transfer 
stations with conditions, some wastes require a waste clearance, and some materials are 
prohibited outright. In an emergency, the director of the Department of Natural Resources 
and Parks or his/her designee may authorize the disposal of materials that otherwise would 
require condition or clearance under this rule, which could pose a threat to public health or 
the environment if not disposed of immediately. 

King County Title 10, Solid Waste 

Title 10 governs aspects of solid waste handling, collection, transporting, processing, 
treatment, utilization, and final disposal of all solid waste generated within King County. It 
also includes issuance of permits and enforcement (Section 10.02.020). Title 10 adopts 
Chapter 173-350 WAC as performance standards for solid waste facilities. 

Title 10 does not specifically address disaster debris or regulatory requirements and criteria 
for TDSR sites. As such, a formal approval by Public Health Seattle & King County is not 
feasible at this time. However, under the general provisions of protecting and preserving 
public health in the context of solid waste emergency operations, proposed TDSR sites must 
be reviewed and authorized by public health as part of the planning process and before 
being activated. This includes all phases of TDSR site selection, activation, operation, and 
closure as recognized in the King County Disaster Debris Operating Plan (see next section 
for a description of this plan). 
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King County Disaster Debris Management Operating Plan – 2006 (Draft) 

According to the operating plan, municipal solid waste disposal remains the responsibility 
of the King County Solid Waste Division in the event of a disaster. 

Depending on the type and severity of the disaster, alternatives to standard collection and 
processing may be necessary. In the event of a declared state of emergency, the governor is 
authorized to waive or exempt state statutes to allow for haulers not certificated by WUTC 
to handle the collection and transportation of disaster debris (RCW 38.52.050). 

Temporary disposal sites may be required for short-term staging of materials, even if the 
current infrastructure remains essentially intact, because of the extraordinary volume of 
material often associated with disasters. The selection of these sites is dictated by the type of 
materials involved, volumes, transport access, and other factors. Materials handled at these 
staging areas may require collection and separation of specific materials for later recycling, 
volume reduction, or simply as a holding mechanism to allow the collection and disposal 
system to “catch up” with the demand. Sites may be designated by the type of material they 
receive. 

The operating plan identifies potential temporary debris collection staging areas or sites. 
Staging areas must be appropriate to the type of material to be handled, accessibility, 
volumes, and anticipated holding times. The King County Solid Waste Division, with 
concurrence from the Health Department and Ecology, is responsible for designating these 
staging areas. Activation of the sites requires that each be appropriately staffed, including 
systems for load checking and determining waste amounts, either by volume or weight. 

When the emphasis shifts to collection, handling, and/or disposal during the later stages of 
disaster response and recovery, the operating plan recognizes that private haulers and 
contractors will continue to serve as the primary force for collecting and transporting 
municipal solid waste, recyclables, and CDL. The operating plan underscores the high 
priority given to diversion programs to reduce impacts on landfills and to maximize reuse 
and recycling of debris. The King County Recycling Policy (KCC 10.04.020) states that: 

It is King County’s goal to achieve maximum feasible reduction of solid 
wastes going into its landfills and other processing facilities by diverting as 
much as possible from the waste stream. It is recognized that waste reduction 
and recycling are the highest priority of the viable solid waste management 
options. 

In the event of a disaster, waste reduction and recycling should be attempted as long as life 
safety and the environment can be preserved. Due to potential contamination, waste 
characterization will be an important issue during a disaster since contaminated materials 
cannot be recycled. 

King County Regional Hazard Mitigation Plan (2004) 

King County developed its first Regional Hazard Mitigation Plan (RHMP) in partnership 
with participating cities, school districts, utility districts, and emergency service providers. 
This effort was one step in creating a community that is more resilient to natural, 
technological, and societal hazard events and disasters. The RHMP provides the 
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groundwork for obtaining financial assistance for recovery operations from FEMA under 
the Stafford Act. 

Local Hazardous Waste Management Program 

The Local Hazardous Waste Management Program (LHWMP) brings together resources 
from four local government agencies and thirty-seven suburban cities to protect and 
enhance public health and environmental quality by reducing threats posed by the 
production, use, storage, and disposal of hazardous materials. The LHWMP is a regional 
partnership comprised of King County Water and Land Resources Division, King County 
Solid Waste Division, Seattle Public Utilities, Public Health—Seattle and King County, and 
the Suburban Cities Association. This program was established in 1990 with the adoption of 
the Local Hazardous Waste Management Plan for Seattle and King County. 

The LHWMP provides a broad range of services that helps residents, businesses, agencies, 
and other organizations reduce and properly manage hazardous wastes. The LHWMP 
focuses on helping residents and businesses that are considered small quantity generators 
exempt from Washington’s Dangerous Waste Regulations to use fewer and less toxic 
materials, properly use and store hazardous materials, and properly dispose of hazardous 
wastes.  

Snohomish County 

Emergency Powers 

Snohomish County Code (SCC), Chapter 2.36, Emergency Management, authorizes 
formation of the Department of Emergency Management, and states that the Snohomish 
County executive has the authority to exercise emergency powers. This code allows the 
county executive to have general supervision and control of emergency county services in 
the event of an emergency or disaster. 

Snohomish County Code, Chapter 7.41, Reduction or Elimination of Disposal Fees 

SCC, Chapter 7.41, Operating Rules and Disposal Fees for Snohomish County Solid Waste 
Sites, authorizes the county executive to reduce or eliminate any or all disposal fees in the 
event of a state of emergency that has been declared by a state of federal official 
(SCC 7.41.022). 

Snohomish County Code, Chapter 3.04, Purchases and Contracts 

The Snohomish County Council or the county executive is authorized to issue a notice to 
proceed for any debris management contractors working on behalf of the county under an 
emergency declaration (SCC 3.04.200). 

Snohomish County Comprehensive Solid Waste Management Plan (2004) 

The plan does not specifically address the handling of disaster debris; however, it does 
acknowledge the priorities of waste reduction and recycling with source separation of 
recyclable materials as the top two priorities for handling solid waste. 
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3. LEGISLATION AND POLICIES 

Snohomish County Debris Management Plan (2008) 

The plan contains a coordinated response and recovery blueprint for the county and Solid 
Waste Management Division to provide for efficient management of disaster debris 
following a debris-causing incident. While the plan identifies TDSR sites, it also recognizes 
that availability of these sites is subject to the location, size, and severity of the incident, 
which may render some of these sites unusable. Snohomish County is continuing to refine 
the plan and is adding more TDSR sites for consideration. The plan also gives Snohomish 
County the option to open and operate debris drop-off stations where residents can self-
haul debris. The debris drop-off stations would be a completely separate operation from the 
county’s current residential drop-box stations. This plan is scheduled to be finalized in 2009. 

Snohomish County Health District 

The Health District must be involved in all phases of TDSR site selection, activation, 
operation, and closure. A Health District representative must review the TDSR sites and 
authorize these sites prior to engaging in debris removal operations. 

Snohomish County Natural Hazards Mitigation Plan (2005) 
Under the provisions of the Disaster Mitigation Act (Public Law 106-390), Snohomish 
County, 12 cities, and 30 special purpose districts established this pre-disaster hazard 
mitigation plan. The plan provides the groundwork for obtaining financial assistance for 
recovery operations from FEMA under the Stafford Act. 

Snohomish County Household Hazardous Waste Program 

Snohomish County’s Public Works Department has implemented a program for accepting 
hazardous waste from residents and businesses that are small quantity generators. The 
program identifies local resources that will accept and properly dispose of specific 
hazardous products that may be found in disaster debris. 

Pierce County 

Emergency Powers 
Pierce County Code Title 2, Chapter 118, authorizes the formation of the Department of 
Emergency Management and gives the Director authority to request the Pierce County 
executive to proclaim an emergency. 

Pierce County Solid Waste Plan (2000) and 2007 Supplement (Stepping Up to the Challenges) 

The plan reiterates Washington state’s priorities for waste reduction and recycling with 
source separation as a guiding principle in managing solid waste. As the first of seven 
integrated courses of action, the 2007 Supplement identifies the need to prepare debris 
management guidelines and a regional emergency waste management plan. Pierce County 
is in a unique position because it has the only landfill that is expected to continue operating 
after closure of King County’s Cedar Hills Landfill. The privately owned LRI Landfill is not 
permitted to accept out-of county waste under normal circumstances, but there are 
provisions that allow for a waiver in an emergency. 
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3. LEGISLATION AND POLICIES 

Pierce County Natural Hazard Mitigation Plan (2004) 

Similar to Snohomish County, the Pierce County Department of Emergency Management, in 
association with other planning partners, established this pre-disaster hazard mitigation 
plan in accordance with the provisions of the Disaster Mitigation Act (Public Law 106-390). 
The plan provides the groundwork for obtaining financial assistance for recovery operations 
from FEMA under the Stafford Act. 

Tacoma-Pierce County Health Department 
Tacoma-Pierce County Board of Health Regulation, Chapter 28, Solid Waste Handling 
Standards, adopts Chapter 173-350 WAC for performance standards for solid waste 
facilities. The Tacoma-Pierce County Board of Health has jurisdiction for issuing solid waste 
handling permits in the county. This regulation does not specifically address disaster debris 
or temporary sites for debris collection and sorting. 

Pierce County Household Hazardous Waste Program 

Pierce County’s Public Works and Utilities Department has implemented a program 
designed to educate residents about proper handling and disposal of household hazardous 
materials. The program identifies local resources available to accept household hazardous 
materials that may be a component of disaster debris and to dispose of them properly. 

City of Seattle 


Seattle Comprehensive Solid Waste Plan (2004) 


The City of Seattle owns and operates two recycling and transfer stations and manages a 
wide array of waste reduction, recycling, and composting programs for residential and 
business customers. The most recent comprehensive planning effort is documented in 
Seattle’s Solid Waste Plan: On the Path to Sustainability, 2004 Plan Amendment (SPU 2004). 
Because the city has its own solid waste system and comprehensive plan, the city completed 
a Disaster Debris Management Plan in 2007. 

Seattle Disaster Debris Management Plan (Final Draft) (2007) 
The City of Seattle plan contains the blueprint for managing debris in the event of a disaster, 
including an operational plan, communications strategies, resources and logistics, training 
and exercises, and plan maintenance. The final plan will include identification of potential 
TDSR sites located throughout the city and a list of debris contractors that have been 
procured by the city. 
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4. Debris Clearance, Processing, and Disposal 
Priorities 

This chapter suggests how the Seattle UASI Region prioritizes debris clearance, processing, 
and disposal after a major or catastrophic debris-causing incident in a manner that improves 
incident response times, as well as short- and long-term recovery efforts. The debris removal 
process must be initiated promptly in order to protect public health and safety. The Seattle 
UASI Region has developed a method for prioritizing debris removal, including a list of 
priorities to be used when planning debris removal operations. Each jurisdiction is 
encouraged to use this guidance along with knowledge from their local area to identify 
individual debris removal priorities for their area. 

4.1 Methodology for Prioritizing Debris Clearance and 
Removal 
The Seattle UASI Region has developed the following guidance for prioritizing debris 
removal: 

1.	 Life Safety 
2.	 Situation Stabilization 
3.	 Property Protection 
4.	 Economic Stability and Environmental Protection 

4.2 Debris Clearance Priority List 
The Seattle UASI Region has developed the following recommended priority list for debris 
clearance. When planning for debris clearance operations, jurisdictions should consider 
circumstances such as crime scene preservation and accident investigation that may require 
a delay of debris clearing until approved by local or federal law enforcement officials. 

1.	 Clear Emergency Access Routes – Lifelines. Lifelines are those routes in a traffic 
network that provide access for emergency responders, alternate and evacuation routes, 
and damage assessment routes. Lifelines should include areas identified for potential 
staging, temporary shelters, and other resources available in the community that 
support emergency response. 

2.	 Clear Access to Critical Facilities and Infrastructure. Defined as “those physical and 
cyber-based systems essential to the minimum operations of the economy and 
government” (Clinton 1998) These typically include hospitals, fire stations, police 
stations, emergency operation centers, cellular and land-line telephone services, 
drinking water and power utilities, and sanitation facilities. 
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4. DEBRIS CLEARANCE, PROCESSING, AND DISPOSAL PRIORITIES 

3.	 Clear Major Freeways or Arterial Routes. Major freeways and arterial routes are 
portions of the public transportation network that are needed to aid in response and 
recovery operations, but may not have been cleared as an emergency access route. 

4.	 Clear Areas Necessary for Movement of Goods and Services/Economic Restoration. 
These areas include those portions of the public transportation network needed to 
effectively transport goods and services throughout the Region that are not included in 
one of the previous categories. These may include access to warehouses, airports, 
seaports, and major business districts. 

5.	 Clear Minor Arterial Routes. These routes include those portions of the public 
transportation network that receive moderate traffic flows, but are not included in one 
of the previous categories. 

6.	 Clear Local Routes. These areas include those portions of the public transportation 
network in residential neighborhoods that are not included in one of the previous 
categories. 

It is the responsibility of each jurisdiction to identify and map their jurisdiction’s lifelines 
and access to critical facilities and infrastructure, and to identify debris clearance and 
removal priorities for their jurisdiction. 

4.3 Debris Reduction and Disposal Priorities 
During the initial response phase of any debris-causing incident, removal and processing of 
disaster debris will be based on the collection and removal priorities established in this 
chapter. It may be difficult to practice debris reduction and recycling techniques because 
efforts will be focused on preserving life, safety, and property. Once an incident has moved 
from the response phase to recovery phase, processing and disposal of debris should follow 
established guidelines for processing debris as documented in each jurisdiction’s solid 
waste management plan in a manner that encourages reuse/recycling of material and limits 
the amount of material disposed in area landfills. 
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5. Types of Hazards 


This chapter discusses the types of natural or human-caused incidents that may occur in the 
Seattle UASI Region (Table 5-1). The type and amount of debris produced by an incident 
depend on the magnitude, the duration, and the intensity of the incident itself. Because of 
specific regional hazards such as seiches, floods, and landslides, this is only a partial list of 
possible debris-causing incidents. Individual jurisdictions are responsible for consulting 
their local hazard identification and vulnerability assessment (HIVA) to determine specific 
incidents that pose the greatest threat to their area and have the potential to create the 
greatest amount of debris. 

TABLE 5-1 

Characteristics of Disaster Events Possible in the Seattle UASI Regiona 

Regional Debris 
Incident Debris Characteristics Probability Impact 

Wind Storm 	 Primarily vegetative waste; may also include 
construction/demolition materials from damaged or 
destroyed structures, some municipal solid waste 
from damaged structures. Extended power outages 
may result in large amounts of putrescible waste from 
private homes and grocery stores. 

Flooding 	 Construction/demolition waste, municipal solid waste, 
and problem waste, including sediment, vegetative 
waste, animal carcasses, and hazardous materials 
deposited on public and private property. Much of the 
debris from flooding events may be considered 
problem waste because of contamination from 
wastewater, petroleum, or other substances. 

Earthquake 	 Primarily construction/demolition waste and municipal 
solid waste intermixed with problem waste. 

Urban, Wildland, and Burned vegetative waste, burned construction/ 
Wildland/Urban demolition waste, and problem waste, including ash 
Interface Fires and charred wood waste and ash-covered items. 

Ice Storms 	 Primarily vegetative waste from broken tree limbs and 
branches. May also include construction/demolition 
waste and putrescible waste from extended power 
outages. 

Volcano	 Primarily ash, mud, and ash-covered items. May also 
include construction/demolition waste. 

Tsunami or Seiche 	 Sediment and construction/demolition waste possibly 
contaminated with problem waste, including 
wastewater, petroleum, or other hazardous materials.  

Landslides 	 Sediments and construction/demolition waste 
possibly contaminated with problem waste.  

High Moderate 

High Moderate 

Moderate High 


Moderate Low
 

Moderate Moderate 

Low High 

 Low Moderate 

High High 
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5. TYPES OF HAZARDS 

TABLE 5-1 


Characteristics of Disaster Events Possible in the Seattle UASI Regiona 

Incident Debris Characteristics 
Regional 

Probability 
Debris 
Impact 

Plant Disease Variable amounts of vegetative debris that might 
require special handling as problem waste with 
specific disposal characteristics. 

Low Moderate 

Animal Disease Variable amounts of putrescible waste that might 
require special handling as problem waste with 
specific disposal instructions.  

Low Moderate 

Nuclear, Chemical, or 
Biological Accident  

Various amounts of contaminated soil, water, 
construction/demolition waste, and/or municipal solid 
waste that would require special handling as problem 
waste with specific disposal instructions. 

High Moderate 

Nuclear, Chemical, or 
Biological Attack 

Various amounts of contaminated soil, water, 
construction/demolition waste, and/or municipal solid 
waste that would require special handling as problem 
waste with specific disposal instructions. 

Moderate High 

a Hazard data compiled from the 2004 King County Regional Hazard Mitigation Plan. High-probability incidents 
occur yearly, moderate probability incidents occur every 2 to 10 years, and low probability incidents occur once 
every 10 to 50 years. 
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6. Types of Debris
 

This chapter provides a partial list of debris descriptions that may require consideration 
during a debris-causing incident in the Seattle UASI Region. When developing an 
operational disaster debris management plan, each jurisdiction should consider any unique 
type of debris that is not included in Table 6-1, but may occur in their area. 

TABLE 6-1 
Types of Debris 

Type	 Description 

Construction Demolition 	 FEMA 325a defines construction and demolition waste as damaged 
Waste	 components of buildings and structures such as lumber and wood, gypsum 

wallboard, glass, metal, roofing material, tile, carpeting and floor coverings, 
window coverings, pipe, concrete, fully cured asphalt, equipment, 
furnishings, and fixtures. 

Plaster (i.e., sheetrock or plaster board) or other material likely to produce 
gases or a leachate during the decomposition process, asbestos, and lead 
may be found in construction and demolition waste.  

Municipal Solid Waste 	 WAC 173-350, Solid Waste Handling Standards, defines municipal solid 
waste as a subset of solid waste, which includes unsegregated garbage, 
refuse, and similar solid waste material discarded from residential, 
commercial, institutional, and industrial sources and community activities, 
including residue after recyclables have been separated.  

Problem Waste 	 Waste created by residential, commercial, or industrial sources that requires 
special handling before it can be disposed of. Problem waste is often found 
in the municipal waste stream, but may also be generated during remodeling, 
construction, demolition, or routine property maintenance activities.  

Examples of problem waste include the following: 

Chemical, Biological, Chemical, biological, radiological, and nuclear-
Radiological, and contaminated debris resulting from a natural or 
Nuclear- human-caused disaster, such as a weapon of mass 
Contaminated Debris destruction incident. 

E-Waste 	WAC 173-350 defines electronic waste as 
computers, computer monitors, televisions, and 
other electronics which contain CRTs (cathode ray 
tubes) and separated computer circuit boards that 
contain hazardous materials such as lead, 
cadmium, and mercury. These wastes are not to be 
disposed of a landfill. 

Hazardous Waste 	WAC 173-303 defines hazardous waste as those 
solid wastes designated by 40 Code of Federal 
Regulations (CFR) Part 261, and regulated as 
hazardous and/or mixed waste by EPA. 
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6. TYPES OF DEBRIS 

TABLE 6-1 

Types of Debris 

Type Description 

Household WAC 173-350 defines household hazardous waste 
Hazardous Waste as any waste which exhibits any of the properties of 

dangerous wastes that is exempt from regulation 
under Chapter 70.105 RCW, Hazardous Waste 
Management, solely because the waste is 
generated by households. Household hazardous 
waste also includes other solid waste identified in 
the local hazardous waste management plan 
prepared pursuant to Chapter 70.105 RCW, 
Hazardous Waste Management. Examples of this 
include small quantities of normal household 
cleaning and maintenance products, latex and oil-
based paint, cleaning solvents, gasoline, oils, 
swimming pool chemicals, pesticides, and propane 
gas cylinders. 

Infectious Waste FEMA 325 defines infectious waste as waste 
capable of causing infections in humans, including 
contaminated animal waste, human blood and blood 
products, isolation waste, pathological waste, and 
discarded sharps (needles, scalpels, and broken 
medical instruments). 

Orphaned Tanks Orphaned tanks, drums, and cylinders that contain 
unknown substances found in industrial settings. 
These wastes have been a significant problem 
during incidents that involve flooding. 

Putrescibles WAC 173-350 defines putrescibles as solid waste 
which contains material capable of being readily 
decomposed by microorganisms and which is likely 
to produce offensive odors. This may include food 
waste and animal/livestock waste and carcasses 
(cows, chickens, etc.). 

Soil, Mud, and Sand Large deposits of sand, mud, and soil that are often 
deposited after flooding or landslide incidents.  

Vegetative Waste Whole trees, tree stumps, tree branches, plants, 
tree trunks, and other plant material. 

Vehicles and Vessels Abandoned automobiles and floating watercraft 
located in public use areas. 

White Goods FEMA 325 defines white goods as discarded 
household appliances such as refrigerators, 
freezers, air conditioners, heat pumps, ovens, 
ranges, washing machines, clothes dryers, and 
water heaters. 

aSource: FEMA (2007); see also Appendix B, Online Resources, for access information on the Debris 
Management Guide. 
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6. TYPES OF DEBRIS 

Hazardous Waste 
Hazardous waste materials and hazardous waste are transported, used, and stored 
extensively throughout the Seattle UASI Region and could be released during a debris-
causing incident. It is important for jurisdictions to work with their Local Emergency 
Planning Committees (LEPC) and consult their local hazardous materials mitigation plans 
to identify any special disaster debris management planning considerations. A listing of 
LEPCs in the Seattle UASI Region is included in Chapter 2, Organizations and Concept of 
Operations, of this plan. 

Recycled Material 
WAC 173-350 defines recyclable materials as those solid wastes that are separated for 
recycling or reuse, including, but not limited to, papers, metals, and glass, that are identified 
as recyclable material pursuant to a local comprehensive solid waste plan. It is important to 
note that many different types of debris can be recycled, but they are not considered 
“recyclables” unless they are actually recycled. 

Comingled Waste 
Debris-causing incidents such as floods and earthquakes often cause different types of waste 
to be mixed together contaminating other types of debris with household hazardous waste. 
This complicates processing and can prevent reuse, recycling, or other processing methods. 
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7. Regional Capacities 


This chapter summarizes the UASI regional solid waste handling, processing, and disposal 
capacities for the geographical areas of King, Pierce, and Snohomish counties using the 
existing waste stream (Table 7-1). While these are not regionally shared resources, this 
information is provided so that the region can identify at what level outside resources may 
be necessary in the event of a disaster debris-causing incident. 

Table 7-2 includes an inventory of regional landfills that may be used to dispose of disaster 
debris following an incident. Ownership and administration of each landfill is different, and 
landfills may not be willing or able to accept debris following an incident. 
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7. REGIONAL CAPACITIES 

TABLE 7-1 

Summary of Regional Capacities Using Existing Waste Stream 

MSW Collection 
Capacity 

Processing 
Capacity 

Disposal  
Capacity 

Recycling  
Capacity Composting Capacity 

Normal Surge Normal Surge Normal Surge Normal Surge Normal Surge 
Snohomish County Contractor: 

Allied Waste 

Waste Mgmt. 

City of Marysville 

Sound Disposal 

Rubatino 

1 day 
capacity 
in trucks 

1,800 tons/day 3 days 
worth of 
garbage 

Rail 

unk* 

10,000 tons of 
wood/month 

8,000 tons of 
metal/month 

unk* Contractor: 

Bailey Compost 

Cedar Grove 

Lenz Enterprises 

King County Contractor: 

Allied Waste 

Waste Management 

King County Solid Waste 
Division (KCSWD) hauls from: 

8 transfer stations 

2 drop boxes 

Capacity unk* 

Cedar Hills Regional 
Landfill 

unk* unk* Contractor: 

Cedar Grove 

and others 

Bellevue Contractor: 

Allied Waste 

Contractor: 

Allied Waste 

Contractor: 

King County 

Contractor: 

Allied Waste 

Contractor: 

Cedar Grove 

Seattle Contractor: 

Allied Waste 

Waste Mgmt 

1,250 tons/day 37,500 
tons/day 

Contractor: 

Waste Management 

Contractor: 

Allied Waste 

Contractor: 

Cedar Grove 

Pierce County Contractor: 

unk* 

Contractor: 

unk* 

Contractor: 

LRI 

Contractor: 

Tacoma Recycling  

(Waste Connections) 

SP Recycling (Lemay) 

Contractor: 

LRI 

350 tons/ day 

Tacoma unk* unk* 550 
tons/day 

600 tons/day LRI Contractor: 

JMK Fibres 

Contractor: 

LRI 

unk 

Contract and Franchise Resources 

Allied Rabanco 10,000 
tons/day 

15,000 
tons/day 

N/A N/A 14,000 
tons/day 

Additional 
rail chassis 
to hold 8,400 
tons of trash 

15,000 
tons/month 

18,000 tons/ 
month 

N/A 

Bailey Compost N/A N/A N/A N/A N/A N/A N/A N/A 50 tons/day 
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7. REGIONAL CAPACITIES 

TABLE 7-1 

Summary of Regional Capacities Using Existing Waste Stream 

MSW Collection 
Capacity 

Processing 
Capacity 

Disposal  
Capacity 

Recycling  
Capacity Composting Capacity

 Normal Surge Normal Surge Normal Surge Normal Surge Normal Surge 
Cedar Grove N/A N/A N/A N/A N/A N/A N/A N/A Everett Facility: 220,000 

tons/year 

JMK Fibres N/A N/A N/A N/A N/A N/A unk* 1,000 tons 
storage 
capacity 

Lenz Enterprises N/A N/A N/A N/A N/A N/A N/A N/A 40,000 tons/year 

LRI unk* unk* unk* unk* unk* unk* unk* unk* unk* 

Waste Mgmt. unk* unk* unk* unk* ~2,500 
tons/day 

~5,000 
tons/day 

unk* unk* N/A 

MUNI TOTALS 10,550 
tons/day 

23,000 
tons/day 

X X 16,500 
tons/day 

27,400 
tons/day 

500 tons/day 600 tons/day 500 
tons/day 

X 

unk = Data not provided at time of publishing of this plan. 
N/A = Not applicable 
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7. REGIONAL CAPACITIES 

TABLE 7-2 

Regional Landfills 

Landfill Name Owner Type Other Features Rail Access Capacity 
Expected 

Life Contact Info 

Cedar Hills Regional 
Landfill 

King County 
Solid Waste 
Division 

Subtitle D Compliant 
(nonhazardous)  

Municipal Solid Waste 
Landfill 

Prohibited from 
accepting large volumes 
of CDL waste 

9 million 
tons 

2016 16645 228th Ave. SE  
Maple Valley, WA 98038 

Chemical Waste 
Management of the 
Northwest 

Waste 
Management 
Inc. 

TSCA, RCRA, Non-
RCRA, CERCLA 

CAMU Eligible Materials 

Unknown 17629 Cedar Springs Lane 
Arlington, OR 97812 
541-454-2030 
Fax 541-454-3247 

City of Tacoma Landfill City of Tacoma Subtitle D Compliant 
(nonhazardous)  

Municipal Solid Waste 
Landfill, Special Waste 

Recycling Area No 397,181 
cubic 
yards 
remaining 
in the 
Central 
Area 

Currently 
2009 – 
anticipate 
extending to 
2013 with 
required 
approvals.  

3510 S. Mullen St. 
Tacoma, WA 98409 
(253) 591-5543 

Columbia Ridge 
Recycling and Landfill 

Waste 
Management 
Inc. 

Municipal Solid Waste  

Nonhazardous Special 
Waste 

Asbestos 

Unknown 18177 Cedar Springs Lane 
Arlington, OR 97812 
541-454-2030 
Fax 541-454-3312 

Graham Road 
Recycling & Disposal 

Waste 
Management 
Inc. 

Limited Purpose Facility 

Construction and 
Demolition Landfill  

Nonhazardous Special 
Waste 

Recycling Area 

Crushed 
Concrete and 
Asphalt Resale 

Unknown 1820 S. Graham Road 
Medical Lake, WA 99022 
509-244-0151 
Fax 509-244-0207 

Greater Wenatchee 
Landfill  

Waste 
Management 
Inc. 

Subtitle D Compliant 
(nonhazardous)  

Recycling Area Unknown 191 Webb Road 
East Wenatchee, WA 98802 
509-884-2802 
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7. REGIONAL CAPACITIES 

TABLE 7-2 

Regional Landfills 

Landfill Name Owner Type Other Features Rail Access Capacity 
Expected 

Life Contact Info 

Municipal Solid Waste 
Landfill  

Fax 509-884-3724 

Hillsboro Landfill Waste 
Management 
Inc. 

Construction and 
Demolition Landfill 

Nonhazardous Special 
Waste 

All Principle Recyclable 
Materials (i.e., 
cardboard, newspaper, 
scrap metal, yard debris, 
wood wastes) 

Asbestos 

Unknown 3205 SE Minter Bridge Road 
Hillsboro, OR 97123 
503-640-9427 
Fax 503-648-3942 

LRI Landfill Pierce County 
Recycling, 
Composting, 
Disposal LLC – 
dba LRI 

Subtitle D Compliant 
(nonhazardous)  

Municipal Solid Waste 

No 29.2 
million 
cubic 
yards 

2028 17925 Meridian Street East 
Puyallup, WA 
Main Office 253-847-7555 
Fax 253-847-7713 

Rabanco Roosevelt 
Regional Landfill 

Rabanco Allied Yes 120 million 
tons over 
40 years 

500 Roosevelt Grade Road 
Roosevelt, WA 99356, 
Klickitat County 
Phone: 1-800-275-5641 

Riverbend Landfill Waste 
Management 
Inc. 

Subtitle D Compliant 
(nonhazardous)  

Municipal Solid Waste 
Landfill  

Unknown 2027 – 2037 13469 SW Highway 18 
McMinnville, OR 97128 
503-472-8788 
Fax 503-434-9770 

CAMU = corrective action management unit 
CDL = construction, demolition, and land-clearing 
CERCLA = Comprehensive Environment Response, Compensation, and Liability Act 
RCRA = Resource Conservation and Recovery Act 
TSCA = Toxic Substances Control Act 
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8. Disaster Debris Operations 


This chapter outlines the various steps that the Seattle UASI Region may take to respond to 
and recover from a debris-causing incident. Depending on the size and severity of the 
incident, these actions may be accomplished using local resources or may require assistance 
from contractors and outside jurisdictions. Disaster debris management operations 
generally include the following components: 

• Damage assessment 
• Debris clearance and removal 
• Debris processing 
• Debris hauling 
• Debris disposal 

8.1 Damage Assessment 
Damage assessment is the systematic process of gathering preliminary estimates of disaster 
debris quantities and composition; damage costs; and general descriptions of the locale, 
type, and severity of damage sustained by both the public and private sectors. Initial 
damage assessments are usually completed within 36 hours of an incident by local, state, 
federal, and volunteer organizations and provide an indication of the loss and recovery 
needs. The initial damage assessment is the basis for determining the level of state and 
federal assistance needed, as well as the types of assistance necessary for recovery. The 
assessment and may take longer depending on the Region’s ability to respond to life, safety, 
and property concerns. Information about the Washington Emergency Management 
Division’s (WAEMD) Public Assistance Damage Assessment program, including the 
applicable forms to complete the assessment, are included in Appendix K, Washington Public 
Assistance Damage Assessment, of this plan. 

The debris assessment should accomplish all of the following: 

• Estimate the quantity and mix of debris. 
• Estimate damage costs. 
• Determine impact on critical facilities. 
• Identify impact on residential and commercial areas. 
• Identify what additional resources are needed for response and recovery. 

FEMA Preliminary Damage Assessment 
A preliminary damage assessment (PDA) report is a more detailed assessment that is 
completed following the initial damage assessment if it is suspected that the incident has or 
will overwhelm local resources and require federal assistance. The PDA serves two 
purposes, as follows: 
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8. DISASTER DEBRIS OPERATIONS 

•	 It provides reliable damage estimates, which are used as a basis in applying for 
assistance, and where justified, the governor's request for a Presidential Disaster 
Declaration. 

•	 It provides for the effective implementation of state and federal disaster relief programs, 
if a Declaration is made. 

The PDA is completed by a team of officials from FEMA, the Washington Emergency 
Management Division, county and local officials, and the U.S. Small Business 
Administration. Usually it takes approximately thirty days to complete and compile a PDA 
and route it through the Governor’s office to FEMA. 

8.2 Debris Clearance and Removal 
Debris-clearing operations predominately focus on public roads and other critical 
infrastructure and should be prioritized based on the methodology in Chapter 4, Debris 
Removal, Processing, and Disposal Priorities, of this plan. Prior to contracting with these 
resources, jurisdictions should review the Washington Utilities and Transportation 
Commission (WUTC) regulations discussed in Chapter 3, Legislation and Policies, of this plan, 
along with additional contracting concerns detailed in Chapter 10, Contract Management and 
Pre-identified Contractors. Items to be considered during debris clearance and collection 
include the following: 

•	 Debris composition: Commingling of debris creates problems with reduction and 
recycling techniques, which may impact future reimbursement. Whenever possible, 
immediate action should be taken to prevent or reduce commingling of debris during 
debris collection operations. 

•	 Location of debris: There will often be different reimbursement and operational 
guidelines for debris clearance on public property and private residential and private 
commercial property. While debris clearance on private property is not usually a 
reimbursable expense, during past incidents, some jurisdictions have cleared debris 
from private property when it presents a health or safety risk to the community. 

•	 Right-of-Entry (ROE) form: An ROE form must be completed in order to remove debris 
from private property. An ROE form must be signed by the homeowner before the 
jurisdiction representative can enter the property to complete the damage and debris 
assessment. The ROE form often contains a hold harmless agreement, which documents 
the property owner’s promise that he or she will not bring legal action against the 
applicant if there is damage or harm done to the property. A sample ROE form is 
included in Appendix J, Example of Right-of-Entry Permit, of this plan. 

•	 Pre-established facilities for citizen debris drop-off: Residents may be asked to bring 
disaster debris to collection sites for processing and disposal. If possible, the sites should 
remain at the same location for each debris-causing incident and should be included in 
the incident communication strategy. Facilities that can be used for drop-off facilities 
include debris drop boxes, TDSR sites, landfills, and transfer stations. 
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8. DISASTER DEBRIS OPERATIONS 

Appendix A, Additional Debris Resources, lists additional resources that can be used to collect 
and haul disaster debris following an incident. These firms are available on an emergency 
basis; however, to ensure rapid response, jurisdictions are encouraged to establish pre-
positioned contracts for debris clearance and hauling prior to an emergency. 

FEMA Mission Assignments 
When an impacted state or local government does not have the capability required to 
respond to a Presidentially declared disaster, a request for Technical or Direct Federal 
Assistance may be made (FEMA 2007; see also Appendix B, Online Resources, for 
information on accessing this Web site). The approved request is called a Mission 
Assignment. A Mission Assignment is a work order issued by FEMA to another federal 
agency directing completion of a specific assignment in anticipation of, or response to, a 
Presidential declaration of a major disaster or emergency. 

There are two Emergency Support Functions (ESFs) that perform debris-related activities 
under FEMA Mission Assignments: 

•	 ESF #3 – Public Works and Engineering is responsible for infrastructure protection, 
emergency repair, and restoration. This group provides engineering services and 
construction management, and serves as a critical infrastructure liaison. The United 
States Corps of Engineers is the lead agency for ESF #3. 

•	 ESF #10 – Oil and Hazardous Material Response is responsible for responding to oil 
and hazardous material issues, environmental safety, and short- and long-term cleanup. 
The two most commonly deployed agencies that deal with these debris-related activities 
are the United States Environmental Protection Agency (EPA) and the United States 
Coast Guard (USCG). 

All Mission Assignments have the following requirements: 

•	 The Mission Assignment must be requested by the state. 

•	 The community must demonstrate that required disaster-related efforts exceed state and 
local resources. 

•	 The scope of work must include specific quantifiable measurable tasks. 

•	 FEMA must issue the Mission Assignment. 

8.3 Debris Processing 
Debris-causing incidents create a mix of debris that must be managed properly in order for 
a community to recover and return to normal. Often the processing, reduction, and disposal 
of debris extends long after the initial response period. If these actions are not planned for 
prior to a debris-causing incident, debris that could have been reused, recycled, or 
processed to reduce landfill impact may have to be disposed of in order to hurry recovery 
operations. Plans for processing disaster debris may also be affected by the type of disaster 
and the amount of contamination in the debris. For example, flood debris will often contain 
multiple types of waste, including household hazardous waste, that are impossible to sort. 
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Developing reuse, reduction, and disposal priorities prior to an incident will help to reduce 
an incident’s impact on finite disposal resources. The following subsections provide 
categories of debris that call for different processing methods. 

Recycling and Reuse 
Recycling involves diverting material from the disposal stream and reusing it. The recycling 
of disaster debris is most often limited to metals, soil, and construction and demolition 
debris. 

Metals 
Most nonferrous and ferrous metal debris is suitable for recycling. Metal maulers and 
shredders can be used to shred trailer frames, trailer parts, appliances, and other metal 
items. Ferrous and nonferrous metals are separated using an electromagnet and then sold to 
metal recycling firms. 

Soil 
Soil can be combined with other organic materials that will decompose over time. This 
procedure produces significant amounts of material, which can be sold, recycled back into 
the agricultural community, or stored onsite to be used as cover when the site is returned to 
its pre-incident state. In agricultural areas where chemical fertilizers are used heavily, 
recovered soil may be too contaminated for use on residential or existing agricultural land. 
Jurisdictions should consult with their local health department to establish what monitoring 
and testing is necessary to ensure that soil is not contaminated with chemicals. If the soil is 
not suitable for agricultural or residential use, it may ultimately need to be disposed of at a 
permitted landfill. 

Construction and Demolition 
Concrete, asphalt, and masonry products can be crushed and used as base material for 
certain road construction products or as trench backfill. Debris targeted for base materials 
needs to meet certain size specifications as determined by the end user. 

Clean wood products used in construction can also be chipped or ground and used as 
mulch or hog fuel. 

Composting 
Composting is the controlled decomposition of organic materials, such as leaves, grass, 
wood, and food scraps, by microorganisms. The result of this decomposition process is 
compost, a crumbly, earthy smelling, soil-like material. Yard trimmings and food scraps 
make up about 25 percent of the waste generated in the average household, so composting 
can greatly reduce the amount of waste that ends up in landfills or incinerators. A section of 
the TDSR sites should be reserved to receive compost material after a disaster. Composting 
can be used not only for soil additives for backyard gardens, farmlands, highways, and 
other landscaping projects, but also for many innovative uses. Jurisdictions using 
composting to reduce organic material need to be aware of and mitigate several hazards, 
including spontaneous combustion of piles and vector control for rodents. 
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Chipping and Grinding 
Chipping and grinding reduces the volume of some debris types by as much as 75 percent. 
This method is commonly used to reduce the volume of disaster debris, including 
vegetative debris, construction demolition debris, plastics, rubber, and metals. Clean wood 
can also be reduced and used for mulch, and other debris such as plastic and metals can be 
chipped to reduce the overall volume of the material prior to transportation or disposal. The 
benefit of using a reduction method can be increased by identifying alternate uses for the 
residual material. The ability to use recycled wood chips as mulch for agricultural purposes, 
fuel for industrial heating, or in a cogeneration power plant helps to offset the cost of the 
chipping and grinding operations. Jurisdictions using chipping and grinding to reduce the 
volume of vegetative debris must be careful to ensure that contaminants such as plastics, 
soil and rocks, and special wastes are not present in the vegetative debris to be processed. 
Care must also be taken when reducing construction and demolition debris to ensure that it 
does not contain hazardous materials such as asbestos. Appendix A, Additional Debris 
Resources, lists resources that provide chipping and grinding services. 

Hog Fuel Incinerators 
Hog fuel is made up of a specific grade of ground-up wood and bark. It varies in size but is 
generally between 1/2-inch and 6-inch screen size. In the Pacific Northwest, wood and 
paper processing companies that use hog fuel to fuel boilers have facilities for storing hog 
fuel. These companies may purchase surplus storm debris that is processed into hog fuel, 
depending on market conditions and their existing supply, which is lowest in the spring. 
Depending on the quality of the material used to create the hog fuel, the Puget Sound Clean 
Air Agency (PSCAA) may need to relax the permit restrictions for any hog fuel burners that 
burn hog fuel processed from disaster debris. Appendix A, Additional Debris Resources, 
includes a list of hog fuel burners in the Region. 

Incineration 
Curtain pit incineration, portable incinerators, and controlled incineration in rural areas are 
all methods for reducing disaster debris. Because of air quality concerns in the Region, 
incinerating debris is not generally considered a viable reduction strategy. The decision to 
use incineration as a reduction strategy for some types of debris would be made by the 
PSCAA, as outlined in Chapter 3, Legislation and Policies, of this plan. The following 
subsections discuss the various incineration methods. 

Air Curtain Pit Incineration 

Air curtain pit incineration offers an effective means to expedite the volume reduction 
process, while substantially reducing the environmental concerns caused by open-air 
incineration. The air curtain incineration method uses a pit constructed by digging below 
grade or building above grade (if a high water table exists) and a blower unit. The blower 
unit and pit comprise an engineered system that must be precisely configured to function 
properly. The blower units deliver air at predetermined velocities and capacities. The 
blower unit must have adequate air velocity to provide a “curtain effect” to hold smoke in 
and to feed air to the fire below. A nozzle 20 feet long provides air at a velocity of over 
120 miles per hour and will deliver over 20,000 cubic feet of air per minute to the fire. The 
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8. DISASTER DEBRIS OPERATIONS 

air traps smoke and small particles and recirculates them to enhance combustion, which 
takes place at over 2,500 degrees Fahrenheit. 

Pre-permitted Portable Incinerators 

Portable incinerators use the same methods as air curtain pit incinerator systems. The only 
difference is that portable incinerators use a pre-manufactured pit instead of an onsite 
constructed earth/limestone pit. Portable air curtain incinerators are the most efficient 
incineration systems available because the pre-manufactured pit is engineered to precise 
dimensions to complement the blower system. The pre-manufactured pit requires little or 
no maintenance compared to earth or limestone constructed pits, which are susceptible to 
erosion. Portable air curtain units are ideal for areas with high water tables and sandy soils 
and areas where smoke opacity must be kept to a minimum. 

Rural Controlled Incineration 

Controlled open-air incineration is a cost-effective method for reducing clean, woody debris 
in rural areas. Jurisdictions should consult with their local fire departments and the PSCCA 
to determine what permits are necessary for rural incineration. Ash from rural incineration 
may be used as a soil additive; however, local health departments and agricultural 
extension personnel should be consulted to confirm whether this is allowed in a jurisdiction. 
A listing of Agricultural Extensions is listed in Appendix B, Online Resources. The controlled 
open-air incineration option should be terminated if mixed debris enters the waste stream. 

Contract Debris Processors 
Jurisdictions within the Region may identify contractors to perform such work as recycling, 
special waste processing, composting, and TDSR site management. It is recommended that 
jurisdictions evaluate the establishment of pre-positioned contracts for the following 
services prior to an emergency: 

• Vegetation clearance and removal (tree trimming) 
• Debris clearance and removal 
• TDSR site management and monitoring 
• Structure demolition and removal 
• Debris reduction 
• Debris recycling 
• Problem waste disposal 
• Hazardous materials disposal 

Chapter 10, Contract Management and Pre-identified Contractors, discusses contract 
management in detail, including the possible regulation of debris collection by the WUTC. 
These issues need to be investigated and resolved before a jurisdiction attempts to 
prequalify contractors for debris operations. 

Additional Contract Resources 
Appendix A, Additional Debris Resources, lists resources that can be used to process disaster 
debris following an incident. These firms are available on an emergency basis and can also 
be contracted via on-call or pre-positioned contracts to handle debris clearance and hauling. 
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8. DISASTER DEBRIS OPERATIONS 

8.4 Problem Waste Processing and Disposal 
Problem waste, such as pathogenic waste, white goods, household hazardous waste, or 
biological or nuclear waste, requires additional handling before it can be processed or 
disposed of, and will vary depending on the type and scope of the debris-causing incident. 
During debris processing, problem waste should be removed and stored in a secure location 
until it can be disposed of properly. Because of their prevalence during debris-causing 
incidents, several types of waste warrant further discussion: 

•	 Household Hazardous Waste (HHW): As noted in Chapter 6,Types of Debris, HHW is 
prevalent in disaster debris. Strategies need to be developed to collect and store HHW 
during disaster debris operations. 

•	 White Goods: White goods (including refrigerators) are commonly discarded after 
debris-causing incidents because they no longer function or because of extended power 
outages that cause their contents to decompose. Refrigerators are often processed in 
groups to remove the refrigerant along with any food waste, and then recycled. 

•	 Electronic Waste (E-waste): E-waste may contain a variety of potentially toxic chemicals, 
including heavy metals and polychlorinated biphenyls (PCBs). EPA has specifically 
classified cathode ray tube (CRT) monitors as hazardous waste, and other electronic 
components may also qualify. Whenever possible, E-waste should be separated from 
other waste and recycled by an E-waste processor. 

•	 Treated Wood: Treated wood includes different types of building material, including 
telephone poles, railroad ties, fence posts, and wood used to construct docks. Care needs 
to be taken to ensure treated wood is not chipped, shredded, mulched, composted, 
incinerated, or disposed of in unlined landfills during processing and disposal. 

•	 Gypsum Drywall: When gypsum deteriorates in landfills it can create hydrogen sulfide 
gas, which poses an explosion and inhalation hazard. Large amounts of drywall are 
often created during storms and floods. Landfill managers need to be aware of this so 
the proper precautions can be implemented. If possible, gypsum drywall should be 
recycled rather than disposed of in a landfill (CIWMB 2001). 

•	 Asbestos: Regulations for asbestos handling are well established by several different 
local, state, and federal agencies, including Ecology and the PSCAA. After a major 
debris-causing incident, asbestos inspections may not be possible prior to demolition, 
resulting in an increased risk to public health. Jurisdictions should work with the 
PSCAA and local public health agencies to ensure waste that possibly contains asbestos 
is properly handled and disposed of. 

•	 Human Waste: Following a disaster that disables water, sewer, or septic systems, 
citizens may have human waste stored in containers that requires disposal. This is 
considered biohazardous waste that cannot be included in the debris stream. Close 
cooperation is necessary between emergency managers, local public health officials, and 
utility personnel to properly collect and dispose of this waste. 

Whenever possible, jurisdictions should try to segregate hazardous substances from the 
waste stream as early in processing as possible in order to prevent contamination of larger 
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amounts of waste. Jurisdictions undergoing any cleanup effort that includes hazardous 
waste should consult with their local hazardous waste staff, public health officials, and EPA 
to ensure the protection of public health. A list of contractors who process and dispose of 
problem waste is included in Appendix A, Additional Debris Resources, of this plan. 

8.5 Temporary Debris Storage and Reduction Sites 
TDSR sites are used to temporarily store, sort, and reduce, debris collected during an 
incident. It is the responsibility of each jurisdiction to locate possible TDSR sites prior to an 
incident and, if possible, develop a site plan and perform a baseline environmental study for 
each site. An ideal TDSR site would have the following characteristics: 

• Entrance and exit routes that allow for optimal traffic flow 
• Inspection towers that allow close inspection of trucks 
• Scales to weigh all load when entering and leaving the site 
• Clearly identified reduction sites 
• A completed site plan 
• A complete traffic management plan 
• Full utility survey 
• Historical assessment 
• A completed baseline environmental study 

Because the establishment and operation of TDSR sites is a recovery function, it is 
imperative that all local, state, and federal regulations be followed during site operation. 
Pre-identifying and assessing TDSR sites prior to an incident will ensure appropriate 
regulations and permits have been addressed. 

Figure 8-1 is an example of a TDSR site layout. FEMA recommends that a standard TDSR 
site be approximately 100 acres, but the size and layout of individual TDSR sites will vary 
depending on available locations and the amount of debris created by an incident. 
Additional information on locating and operating TDSR sites is provided in Appendix E, 
Temporary Debris Staging and Reduction Site Planning, of this plan. 

8.6 Debris Hauling and Disposal Operations 
Disaster debris that cannot be reduced, reused, or recycled using other strategies must be 
disposed of in landfills. The most cost-efficient strategy for disaster debris disposal is 
usually to make use of the region’s own or typically used landfills, but disaster debris could 
easily overwhelm existing landfill capacity. As an example, the 1994 Northridge earthquake 
in California generated 7 million cubic yards of disaster debris and the 2001 attack on the 
World Trade Center generated 5 million cubic yards of debris. For comparison, the LRI 
Landfill in Pierce County, Washington, has a total capacity of 29 million cubic yards and the 
Rabanco Roosevelt landfill has a total capacity of 120 million cubic yards. If local landfills 
are not adequate, regional staff should attempt to locate landfills close to the disaster area. A 
list of area landfills is included in Chapter 7, Regional Capacities. 
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FIGURE 8-1 
Example of a TDSR Site Layout 

Waste Transportation Alternatives 
Alternative transportation methods vary, depending on the size and scope of a disaster. The 
following subsections describe some alternative transportation methods that may be used. 

Rail Transport 
A portion of the Region’s waste is transported by rail to landfills in Eastern Washington and 
Eastern Oregon, creating a possible transportation vulnerability following an incident. As 
displayed in Figure 8-2, there are three primary transportation routes east of the Cascades— 
Stampede Pass, Cascade Tunnel, and the Columbia Gorge. Because there are multiple rail 
routes over the Cascade Mountains, there is some redundancy built into this method and 
rail transport may be combined with long-haul truck transport to bypass rail disruptions. 

Extended Debris Storage 
If transportation of debris is only disrupted for a short period of time, it may be most 
efficient to store and transport waste when normal methods are restored. Pre-identified 
TDSR sites may be used to store debris if proper handling procedures are used. Proper 
handling procedures may include limiting debris piles to 15 feet in height, providing 50-foot 
lanes between piles for fire control access, and ensuring appropriate local health 
district/department regulations are followed. If extended storage is used, debris transport 
should be prioritized to remove problem waste and putrescibles. Other waste types, such as 
inert waste, may be stored for extended lengths of time. 
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FIGURE 8-2 
Rail Transportation Routes and Intermodal Hubs 

Long-Haul Truck TransportLong-Haul Truck Transport 
If rail transport is disrupIf rail transport is disrupted for a significantted for a significant amoamouunt of time,nt of time, exexisting truck and contaiisting truck and containerner 
equiequipment could be usepment could be used to transport waste tod to transport waste to landfills or to an alternate location withlandfills or to an alternate location with 
access to rail traffic. Container rail-loaccess to rail traffic. Container rail-loading faading faciliticilitiees include the Ports ofs include the Ports of Tacoma, Seattle,Tacoma, Seattle, 
Everett, andEverett, and Wenatchee,Wenatchee, WashingtoWashingtonn; Portland; Portland,, Oregon; andOregon; and Vancouver,Vancouver, British Columbia,British Columbia, 
Canada. Figure 8-2 shoCanada. Figure 8-2 showws major intermodal railros major intermodal railroad facilitiead facilities that could be used to transfers that could be used to transfer 
solid wastesolid waste containers from truck to rail forcontainers from truck to rail for transport to disposal locations. The majortransport to disposal locations. The major 
problem witproblem withh this strategy is the limited numberthis strategy is the limited number of containers and tof containers and thhe ae addditional time itditional time it 
would take to transport wastewould take to transport waste toto itsits processing or disposal site.processing or disposal site. 

Transportation of Waste via ConTransportation of Waste via Conttainer Shipainer Ship 
Some jurisdictions (Snohomish County, the CitySome jurisdictions (Snohomish County, the City of Seattle) use open-topof Seattle) use open-top containers tcontainers too 
transport wtransport waaste from aste from a ttrransfer statiansfer statioon to a dispn to a disposal site. Thosal site. These containeese containers meet Inrs meet Inteternationalrnational 
Organization for StandaOrganization for Standarrdization (ISO) standarddization (ISO) standardss and caand can be shipped ton be shipped to a seaport, ina seaport, includingcluding 
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the ports of Portland, Oregon; Olympia, Tacoma, Seattle, Everett, and Bellingham, 
Washington; and Vancouver, British Columbia, Canada. Average container ship capacity 
varies from 3,000 to 7,000 containers, depending on the size of the port facilities available to 
load and unload it. Logistical problems associated with this method include the limited 
number of containers available to haul debris, the equipment needed to offload and 
transport containers from the seaport from which they are shipped to the final disposal 
location, and the additional time it would take to transport waste to its disposal site. 
Because it is difficult to keep water out of open-top containers, sealed containers would be 
better suited to transport waste. 

Transportation and Storage of Waste via Barge 
Waste can be stored and transported via barge, but because of logistical challenges this 
should be considered a last-resort method for handling waste. Transporting and storing 
bulk waste via barge requires handling resources at both loading and unloading locations. 
Ports in the Seattle UASI Region are not equipped with these resources, but are outfitted to 
load waste in sealed containers onto barges. Loading these containers is not as efficient and 
the space needed to load containers may be at a premium because of other commercial and 
disaster response uses. 
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9. Mutual Aid and Interlocal Agreements 


This chapter outlines the types of agreements that can be entered into with outside resources to 
provide additional assistance in the aftermath of a debris-causing incident. A request for mutual 
aid starts at the local level, after a jurisdiction has exhausted existing resources, and moves up 
through all levels of government. Jurisdictions should inventory their existing resources and 
agreements as required by the National Incident Management System (NIMS) and then develop 
the necessary agreements with outside resources prior to an incident to speed response and 
recovery efforts. Table 9-1 below lists applicable regional agreements. 

9.1 Types of Agreements 
There are several types of agreements that jurisdictions can use to share resources; each comes 
with a different level of commitment by the parties (WAEMD 2001). Table 9-1 provides more 
details about the availability of existing agreements within the Region.  

•	 Memorandum of Understanding: A memorandum of understanding (MOU) is an 
agreement that specifies mutually agreed-upon expectations between two (or more) entities 
to collaborate on a project without exchange of funds. MOUs take many forms and may be 
referred to by other titles (for example, Memorandum of Agreement). 

•	 Mutual Aid Agreement: A Mutual Aid Agreement is a written understanding between any 
type of organization and typically used by local emergency management organizations to 
provide reciprocal emergency management aid and assistance. Such arrangements are 
authorized in Chapter 38.52.091 RCW. Mutual Aid Agreements must be consistent with the 
state comprehensive Emergency Management Plan and program. In an emergency, each 
signatory local jurisdiction is responsible for providing assistance within their capabilities in 
accordance with the signed agreement. 

•	 Interlocal Agreement: The purpose of an Interlocal Agreement is to permit local 
jurisdictions to make the most efficient use of their powers by enabling them to cooperate 
with other local jurisdictions on a basis of mutual advantage. An Interlocal Agreement 
allows local jurisdictions to provide or receive services and facilities from other local 
jurisdictions. Interlocal Agreements are in effect a contract and are discussed in Chapter 
39.34 RCW. 

9.2 Administration of Agreements 
Individual jurisdictions may have their own mutual aid or interlocal agreements, which can be 
used to provide assistance during or after a disaster debris-causing incident. It is the 
responsibility of each jurisdiction to inventory their current agreements and evaluate their 
possible use during a debris-causing incident. Because these agreements are legal contracts, 
they require support from jurisdiction authorities, jurisdiction attorneys, and legal counsel 
during their creation and ongoing use and maintenance. 
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9. MUTUAL AID AND INTERLOCAL AGREEMENTS 

TABLE 9-1 

Existing Agreements 

Agreement  Type Participants 
Participation 
Requirement Service Requirement How Activated 

Types of Resources 
Available 

Washington 
Public Works 
Emergency 
Response Mutual 
Aid Agreement 

Mutual Aid Washington 
state and 
jurisdictions 

Voluntary Voluntary Public Works 
equipment and staff 

Emergency Mutual Aid All 50 U.S. Voluntary Assistance is obligatory Governor declares state of emergency, All types of 
Management states “provided that it is resources requested through WAEMD. resources, including 
Assistance understood that the state debris clearance 
Compact rendering aid may withhold 

resources to the extent 
necessary to provide 
reasonable protection for 
such state.” 

equipment and staff 

Washington State Mutual Aid King, Pierce, Voluntary Lending county acts as an Requests for emergency assistance shall Equipment, supplies, 
Intercounty and independent contractor of be directed to the designated contact personnel, or direct 
Mutual Aid Snohomish borrowing county in the person(s) on the contact list provided by provision of services 
Agreement counties, 

along with 
various 
other 
counties in 
Washington, 
Oregon, and 
Idaho 

performance of voluntary 
emergency assistance 
during any type of 
emergency. Reimbursement 
will be made by Borrower to 
Lender for costs and labor 
incurred by Lender beyond 
the first 8 hours of an 
asset's use. 

the Party Counties. 

Washington State 
Fire Mobilization 
Plan 

Mutual Aid Statewide Voluntary The local fire chief, through the regional 
coordinator, makes a request for 
mobilization to the State Emergency 
Operations Center. The chief of the 
Washington State Patrol makes a 
decision on mobilization in consultation 
with the governor's chief of staff. 
Reimbursement by the WSP will take 
place for any labor or resources 

Firefighters and 
equipment needed to 
manage fires, 
disasters, or other 
incidents – this is an 
all-risk agreement. 
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9. MUTUAL AID AND INTERLOCAL AGREEMENTS 

TABLE 9-1 

Existing Agreements 

Agreement  Type Participants 
Participation 
Requirement Service Requirement How Activated 

Types of Resources 
Available 

expended after a mobilization is declared. 

Plan expressly notes that it is not a 
replacement for local mutual aid 
agreements and the resources available 
from such agreements must be expended 
before a mobilization request will be 
granted. 

Draft Washington 
State Law 
Enforcement 
Mobilization Plan 

Mutual Aid Unknown Unknown Unknown Unknown Unknown 

King County: 
Solid Waste 
Interlocal 
Agreements 

Interlocal 
Agreement 

37 
jurisdictions 

Unknown Unknown Unknown Solid Waste Disposal 
Resources 

King County: 
Regional Disaster 
Plan for Private 
and Public 
Agencies in King 
County 

Mutual Aid Plan with 
145 
signatory 
private, 
public, 
nonprofit, 
and tribal 
partners 

Voluntary, 
signatures on 
file 

Resource lending and 
borrowing are defined in the 
Omnibus Financial and 
Legal Agreement. 

Local emergency proclamation by 
jurisdiction. Then request is made. 

Any type requested. 
Must have expended 
local and zone 
resources first. 
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10. Contract Management and Pre-identified 
Contractors 

FEMA encourages all jurisdictions to pre-qualify debris removal contractors to ensure that 
assistance is available immediately after a debris-causing incident. This chapter outlines the 
process for pre-qualifying these contractors. 

Before entering into contract agreements for disaster debris removal, jurisdictions should 
review and understand the WUTC’s role in regulating solid waste collection within its 
jurisdiction. Chapter 3, Legislation and Policies, of this plan summarizes the role of the WUTC 
in contract waste collection. 

10.1 Existing Solid Waste Collection Companies 
Jurisdictions should first discuss disaster debris operations with their existing solid waste 
collection companies to identify what additional resources these companies have available 
for debris clearance and removal activities beyond their normal capacity to maintain 
municipal solid waste services. This is especially important for jurisdictions whose solid 
waste collection is regulated by the WUTC. 

10.2 Establishing Additional Pre-Positioned Contracts 
After evaluating the resources that solid waste collection companies can provide to assist 
with disaster debris operations, jurisdictions may need to pre-establish contracts for 
additional resources to ensure efficient response and recovery following a debris-causing 
incident. These resources may include the following: 

• Rights-of-way and public property debris clearance 
• Vegetation clearance and removal (tree trimming) 
• Debris clearance and removal 
• Collection and processing of problem waste, including white goods 
• Debris reduction 
• Management of contract debris hauling 
• Management and monitoring of TDSR sites 

It is important to note that in jurisdictions where solid waste collection is regulated by the 
WUTC, contracting with additional resources for debris collection may only be pursued if 
the WUTC-certified hauler is unable to provide service, and only after the contractor has 
been issued a temporary garbage certificate by the WUTC. The provision of temporary 
garbage certificates is discussed in RCW 81.77.110. 

When selecting companies for pre-positioning contracts, jurisdictions should consider both 
local and regional contractors to ensure coverage that is appropriate to the scope of the 
disaster. 
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10. CONTRACT MANAGEMENT AND PRE-IDENTIFIED CONTRACTORS 

10.3 Types of Pre-positioned Contracts 

Master and Individual Contracts 
Jurisdictions may decide to create a master contract for all phases of debris management or 
smaller individual contracts for individual tasks. If a master contract is created, a prime 
contractor may allocate individual portions of work out to subcontractors. Master contracts 
are advantageous because they can reduce contract administration costs for a jurisdiction, 
but individual contracts provide jurisdictions with more flexibility to change contract 
provisions as debris operations are better defined. 

Time and Materials Contract 
Under a time and materials contract, the contractor is paid based on time spent and 
resources used in accomplishing debris management tasks. Time and materials contracts are 
extremely flexible and especially suitable for early debris right-of-way clearance jobs and 
hot spot cleanups. 

For reimbursement purposes, FEMA recommends that the use of time and materials 
contracts be limited to the first 70 work hours after a disaster. There may be situations 
where it is practical to use time and materials contracts for periods longer than 70 hours; 
however, FEMA should review those situations on a case-by-case basis to determine if it is 
reasonable to extend reimbursement beyond the 70-hour period. An example of a time and 
materials contract is provided in Appendix G, Example of Time and Materials Contract for 
Debris Removal. 

Unit Price Contract 
A unit price contract is based on weight (tons) or volume (cubic yards) of debris hauled. 
This kind of contract should only be used when the scope of work is not well defined. It 
requires close monitoring of debris collection, transportation, and disposal to ensure that 
quantities are accurate. A unit price contract may be complicated by the need to segregate 
debris for disposal. An example of a unit price contract is provided in Appendix H, Example 
of Unit Price Contract for Debris Removal. 

Lump Sum Contract 
A lump sum contract is used when the scope of work is clearly defined and the areas of 
work are specifically quantified. Lump sum contracts require the least monitoring by the 
contracting jurisdiction. An example of a lump sum contract is provided in Appendix I, 
Example of Lump Sum Contract for Debris Removal. 

10.4 Contracts Not Eligible for Reimbursement by FEMA 

Cost Plus Percentage of Cost 
A cost-plus-percentage-of-cost contract is one whereby the contractor is compensated for 
work performed, such as a time and materials contract, but also compensated an additional 
percentage of that compensation. 
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10. CONTRACT MANAGEMENT AND PRE-IDENTIFIED CONTRACTORS 

Conditional upon Federal Reimbursement 
This kind of contract only reimburses contractors if the region receives federal funding and 
is not an eligible contract under FEMA guidelines. 

Contracts with Debarred Contractors 
Debarred contractors are contractors who were found to be in non-compliance with 
prevailing wage law. The Region will not be reimbursed on contracts made with companies 
that are on the Washington State Department of Labor and Industries Debarred Contractors 
list (see Appendix B, Online Resources, for the link to this Web site). 

10.5 Pre-incident Activities 
Prior to an incident, jurisdictions should identify internal and external resources required 
for debris operations and establish contracts with any external resources, as follows: 

•	 Identify trained debris monitors to observe and document contractor activities. At a 
minimum, these monitors must be stationed at all pickup and disposal sites. Monitors 
may be full-time employees or hired as temporary workers during an incident. Because 
of FEMA reimbursement regulations, it is suggested that contract employees be used to 
fill these positions. 

•	 Identify contractors with sufficient resources to assist with debris cleanup and hauling, 
including capabilities for equipment and personnel, bonding and insurance, availability, 
and geographic location. 

•	 If possible, establish on-call contracts for debris cleanup and hauling services. 

Pre-qualifying Contractors 
While it may not be feasible to enter into contracts prior to an incident, FEMA recommends 
jurisdictions develop a list of pre-qualified contractors that provide disaster debris 
management services and can be called after an incident has occurred. At a minimum, 
jurisdictions should consider the following factors when prequalifying contractors: 

•	 Contractor’s ability to perform debris operations 
•	 Amount and location of equipment and employees 
•	 Level of availability 
•	 After-hours contact information 
•	 Appropriate insurance and bonding 

10.6 Operational Contract Monitoring 
All jurisdictions that contract for debris operations should establish a contract monitoring 
plan. The purpose of this plan is to protect a municipality’s financial interest. Monitoring 
debris removal operations achieves two objectives: 

•	 Verifies that the work completed by the contractor is in the contract scope of work. 
•	 Provides the required documentation for Public Assistance grant reimbursement. 
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10. CONTRACT MANAGEMENT AND PRE-IDENTIFIED CONTRACTORS 

Failure to document eligible work and costs may jeopardize Public Assistance Program 
grants. In federally declared disasters, FEMA periodically validates a region’s monitoring 
efforts to ensure that eligible debris is being removed and processed efficiently. Debris 
eligibility requirements are discussed in Chapter 11, Eligibility for Funding, of this plan. 

Unit Price Contracts 
A unit price contract requires that all trucks be accurately weighed or measured and 
numbered, and that all truckloads be documented. Full-time trained contract monitors are 
usually necessary for this type of contract because an accurate account must be kept of the 
actual quantities of debris transported (in either cubic yards or tons). Monitors must be 
available at debris pickup locations to ensure the debris being picked up is eligible. In 
addition, this type of contract requires the contractor to provide or construct an observation 
stand at all reduction and disposal sites so the contract monitor can certify the load. If scales 
are used, monitors must also ensure that proper weights are registered before and after 
trucks have been emptied. The following conditions for unit price payments also apply: 

•	 If unit price payments are based on weight, a truck scale must be available at the 
disposal site for weighing trucks. The weight of an empty truck must also be confirmed. 

•	 If unit price payments are based on volume, monitors must verify truck capacities and 
inspect trucks for proper loading and compaction. 

Load Tickets 

The term “load ticket” refers to the primary debris-tracking document. A load ticket system 
tracks the debris from the original collection point to the TDSR site or landfill. By 
positioning debris monitors at each point of the operations (collection, TDSR site, and/or 
final disposition), the eligible scope of work can be properly documented. This is how 
jurisdiction should document and track debris from the initial collection location to the 
TDSR and final disposal locations. If a jurisdiction uses a contract hauler, this ticket often 
verifies hauling activities and can be used for billing purposes. Load tickets should be multi-
copy and sequentially numbered. All copies of load tickets presented for payment must 
match in order for payments to be made. 

Truck Certification and Periodic Measuring of All Trucks to Calculate Capacity 

Prior to beginning contract work, each truck must be certified. Certification includes 
recording the following: 

•	 Volume of the truck bed in cubic yards or empty truck weight 
•	 Truck license number 
•	 Any identification number assigned by the owner 
•	 Short description of the truck 

Monitors may need to be trained in order to measure truck capacities for certification 
purposes. Recertification of the hauling trucks on a random and periodic basis should be 
implemented for contract compliance and reimbursement considerations. A listing of 
certified trucks should be maintained by debris monitors to ensure that truck identifications 
have not been altered. A sample truck certification form is included in Appendix F, Sample 
Forms for Debris Tracking. 
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10. CONTRACT MANAGEMENT AND PRE-IDENTIFIED CONTRACTORS 

Awareness of Improper Contractor Strategies 
Monitors must be aware of the following techniques, which have been used by contractors 
to take advantage of unit price contracts during the debris cleanup process: 

•	 Reporting improper truck volumes 

•	 Adding improper debris to a load to increase weight (i.e., steel, boulders, excess soil, or 
concrete) 

•	 Soaking debris with water 

•	 Tipping half of the load 

•	 Switching a truck number 

•	 Using large fuel tanks that are almost empty on initial weigh-in and full when delivering 
debris 

•	 Adding steel plates or other weights to the bottom of the truck bed 

Considerations for Time and Materials Contracts 
For time and materials contracts, jurisdictions must document the length of time that 
equipment and personnel is used, and must ensure that equipment and personnel are being 
used efficiently. FEMA does not reimburse for "down time" of equipment or personnel. 

10.7 Post-incident Activities 
Following an incident, jurisdictions will need to ensure that all reimbursement 
documentation is completed and that documentation is filed in accordance with the 
reimbursing agency’s record-keeping policy. Jurisdictions must keep all records for 3 years 
after the last application for assistance is submitted to FEMA (14 CFR § 13.42). The 
performance of debris contractors and contract vehicles should be reviewed as part of the 
incident AAR and any necessary changes implemented. 
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11. Eligibility for Funding 


This chapter outlines the current funding eligibility requirements for debris removal under 
the Public Assistance Program, as described in FEMA 325 Debris Management Guide 
(FEMA 2007; see also Appendix B, Online Resources). The information may in some cases be 
different from local requirements, and is meant to provide baseline guidance to jurisdictions 
within the Seattle UASI Region when drafting their own funding eligibility requirements. 
Note that FEMA’s funding policy changes over time, so it is important to consult FEMA’s 
debris management documentation during every incident or during annual plan review. 

11.1 Debris Removal from Public Property 
Debris removal work from public property is usually eligible for FEMA assistance under the 
Public Assistance Program. Eligible debris removal work must meet the following criteria: 

•	 The debris was generated by a major disaster. 

•	 The debris is located within a designated disaster area on an eligible applicant’s 
improved property or right-of-way. 

•	 The debris removal is the legal responsibility of the city or the county. 

Debris on public property that is not eligible for FEMA assistance under the Public 
Assistance Program includes the following: 

•	 Unimproved property or undeveloped land 

•	 Debris removal from a facility that is not eligible for funding under the Public Assistance 
Program 

•	 Debris on federal lands or facilities that are the authority of another federal agency or 
department 

11.2 Debris Removal from Private Property 
Private property debris removal (PPDR) is generally not eligible for reimbursement under 
FEMA’s Public Assistance Program because debris on private property does not typically 
present an immediate health and safety threat to the public. Additionally, debris removal 
from private property is generally the responsibility of individual private property owners 
and other sources of funding such as insurance are commonly available to property owners 
to cover the cost of work. However, if private property owners move disaster-generated 
debris to the public right-of-way, the costs associated with removing that debris from the 
right-of-way may be eligible under the Public Assistance Program. Debris management 
planners need to consider when and how private property owners can dispose of their 
disaster debris and make appropriate plans prior to a debris-causing incident including 
collection and public communication strategies. 
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11. ELIGIBILITY FOR FUNDING 

When large-scale debris-causing incidents cause mass destruction and generate large 
quantities of debris over vast areas, debris on private property may pose health and safety 
threats to the public-at-large. If private property owners are not available because they have 
evacuated, state or local government may need to enter private property to remove debris 
considered to be an immediate threat to the life, health, and safety of its residents. In such 
situations, the FEMA Federal Coordinating Officer (FCO) is authorized to approve the 
provision of public assistance for removal of debris from private property when it is 
considered to be in the public interest. 

Eligible debris removal work from private property may include removal of the following: 

•	 Large piles of disaster-generated debris in the living, recreational, and working areas of 
properties 

•	 Disaster-generated debris obstructing primary ingress and egress routes to improved 
property 

•	 Debris created by removal of damaged interior and exterior materials from improved 
property 

•	 Household hazardous wastes 

•	 Disaster-generated debris on private roads and/or streets of a gated community, 
provided that the removal of the debris has become the legal responsibility of an eligible 
jurisdiction 

Eligibility also includes disaster-damaged limbs and leaning trees in danger of falling on 
improved property, primary ingress or egress routes, or public rights-of-way. However, tree 
removal carries some qualifying conditions described below: 

•	 Hazardous tree removal is eligible only if the tree is greater than 6 inches in diameter 
and: 

−	 The tree has more than 50 percent of the crown damaged or destroyed 

−	 The tree has split trunk or broken branches that expose heartwood 

−	 The tree itself is leaning at an angle greater than 30 degrees and shows evidence of 
ground disturbance 

•	 Hazardous limb removal is eligible only if the limb (hanger) is greater than 2 inches in 
diameter measured at the point of break. 

Ineligible debris removal on private property includes the removal of the following: 

•	 Debris from vacant lots, forests, heavily wooded areas, unimproved property, and 
unused areas 

•	 Agricultural debris used for crops or livestock 

•	 Concrete slabs or foundations-on-grade 
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11. ELIGIBILITY FOR FUNDING 

•	 Reconstruction debris consisting of materials used in the reconstruction of disaster-
damaged improved property 

11.3 Debris Removal from Private Commercial Property 
Debris removal from commercial property and the demolition of commercial structures 
generally are not eligible for public assistance grant funding. Commercial enterprises are the 
exception because they have insurance that will cover the cost of debris removal and/or 
demolition. However, in some cases, as determined by the FCO, debris removal from 
private commercial property and/or the demolition of private commercial structures by a 
state or local government may be eligible for FEMA reimbursement only when the removal 
is in the public interest. 

Industrial parks, private golf courses, commercial cemeteries, apartments, condominiums, 
and mobile homes in commercial trailer parks are generally considered commercial 
property. 

11.4 Processing and Disposal 
Landfill tipping fees usually include fixed and variable costs along with some special taxes 
or fees assessed by the jurisdiction. Examples of variable costs include costs for labor, 
supplies, maintenance, utilities, and gas or recovery systems. Fixed costs generally include 
equipment, construction, permits, landfill closure, post closure, and amortized costs for 
ancillary landfill building structures. 

Eligible landfill costs are limited to the variable and fixed costs that are directly related to 
landfill operations. Jurisdictions may incorporate special taxes or fees into the landfill 
tipping fee to fund government services or public infrastructure. When tipping fees include 
such costs, those costs are not eligible for public assistance grant funding. 
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12. Public Notification and Communication Plan 


This section is designed to help jurisdictions in the Seattle UASI Region develop a plan to 
communicate effectively with the public before, during, and after a debris-causing incident, 
and to collaborate with neighboring jurisdictions to deliver coordinated public messages. 

12.1 Communication and Public Education Strategy Prior to an 
Incident 

Prior to an event, Jurisdictions should develop a public information campaign around 
disaster debris-causing incidents. The campaign is a coordinated effort to provide 
information to jurisdiction employees, stakeholders, and the public prior to, during, and 
after a debris-causing incident. Jurisdictions should develop a public information campaign 
that introduces debris-causing incidents and includes the following: 

•	 Identification of a debris-causing incident communications strategy 

•	 Creation of debris management presentation designed for different audiences including 
policy makers, jurisdiction employees, and community groups. 

•	 Development of material to be passed out prior to a disaster including pamphlets and 
fact sheets, press releases and tie-ins with other jurisdiction public information 
campaigns. 

•	 Identification of anticipated issues during an event through message mapping, and 
creation of talking points, press releases, and disaster specific information. 

Message Mapping 
Message mapping is a technique used to identify anticipated issues during a debris-causing 
incident and creates key messages that officials can use when providing information to the 
public prior to, or during an event. Ideally, public information officers throughout the 
Seattle UASI region work together to develop common message maps for debris causing 
events. 

To begin a message map, a group of staff identifies types of debris causing incidents, such as 
an earthquake and flood. Next the group brainstorms all the possible questions the public 
may ask during the identified incident. After that the questions are grouped into similar 
topics and related categories. Finally, three key messages are created, including at least two 
supporting facts for each category. These messages should be used when creating 
communications prior to and during an emergency to create continuity in debris 
management communications. 

Identification of Public Information Processes and Protocols 
Identification of common process and protocols is important in providing a coordinated 
public message. Public Information Officers (PIO) in the Seattle UASI Region should 
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12. PUBLIC NOTIFICATION AND COMMUNICATION PLAN. 

consider the following questions when planning within their jurisdiction and at a regional 
level with neighboring jurisdictions: 

•	 Who will have the lead responsibility for public messaging? 
•	 Who will have decision-making authority for public messaging? 
•	 Which department within a jurisdiction will release messages to the public? 
•	 What guidelines will be used when crafting public information messages? 
•	 How will messages be coordinated between jurisdictions?  
•	 How will consistency be maintained between jurisdictions? 

Develop Materials to be used During an Event 
Another element that supports success of this plan is to develop types of public information 
prior to an incident that helps to ensure communication with the public is systematic, 
consistent, and relevant. In this way, the public receives clear and consistent messages 
throughout the incident and recovery phases of the operation. 

The first step for developing public information and messages is to define the communication 
objective. Consider the following questions: 

•	 Who are your audiences, both primary and secondary? 
•	 What behaviors of your audience do you want to influence? 
•	 What knowledge of your audience do you want to influence? 
•	 What attitudes of your audience do you want to influence? 
•	 What will help manage the public health threat? 
•	 What do you need to accomplish? 

At times, the use of different communications procedures by different jurisdictions can 
frustrate and confuse the public. To prevent this, common language and coordinated 
messages should be used in communications. Messages, at a minimum, should be: 

•	 Clear, direct, and simple so that all residents in the Seattle UASI Region understand 
their meaning 

•	 Free of technical jargon and acronyms 

•	 Consistent with expert understanding of the crisis 

•	 Distributed in more than one language 

•	 Appropriate in tone and appeal for the intended audience; and 

•	 Responsive to audience concerns 

The following elements should be avoided when developing public messages: 

•	 Technical jargon or unnecessary filler. It only complicates your message and alienates 
the audience. 

•	 Condescending or judgmental phrases. 

•	 Attacks. Avoid attacks against individuals and organizations—stay focused on issues. 
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12. PUBLIC NOTIFICATION AND COMMUNICATION PLAN 

•	 Promises or guarantees. For example, rather than, "We are protecting the public," say, 
"We are working to protect the public." 

•	 Speculation that could be mistaken for fact. 

•	 Discussion of money. Don't give the appearance that financial considerations outweigh 
concerns and obligations to public health and safety. 

•	 Humor. The public may believe you don't take the situation seriously or that you don't 
care about their safety and health. Or they may get the impression that the risk is not 
serious. Or they may be offended that you can joke about a serious concern. 

Developing Messages in Alternate Languages and Formats 
When developing message materials, a jurisdiction should include languages likely to be 
spoken in the community. Based on community demographics in the Seattle UASI Region, 
messages may need to be developed in the following languages: 

•	 English 
•	 Spanish 
•	 Korean 
•	 Ukrainian 
•	 Chinese 
•	 Vietnamese 
•	 Russian 
•	 Somali 
•	 Tagalog 

Messages should also be crafted in alternate formats to target members of the community 
with special needs. 

Distribution Strategy 
Another key step in effective messaging is identifying methods for disseminating 
information to the public. The following is a list of suggested ways to communicate 
pertinent information: 

•	 Regional Media – Local television, radio, newspapers, or community newsletters 

•	 State and City Internet Sites – Displays of clear links to debris information flyers for 
printing 

•	 Online Web sites and notification systems such as the Regional Public Information 
Network (RPIN), or the Northwest Warning Alert and Response Network (NWWARN) 
(see Appendix B, Online Resources, for information about accessing these networks) 

•	 Public Forums – Interactive meetings at town hall or shopping mall kiosks 

•	 Direct Mail Products – Door hangers, direct mail, fact sheets, flyers within billings, and 
billboards 
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12. PUBLIC NOTIFICATION AND COMMUNICATION PLAN. 

•	 Hand delivery of messages, fact sheets, flyers to homes, shelters, community centers, or 
other temporary housing locations 

•	 A hotline available both in and/or outside the Region for the public to call for debris 
management information, including pickup locations and disposal sites open to the 
public for various types of debris 

•	 Megaphones and public address systems 

•	 Posting on Web sites or bulletin boards at libraries, fire stations, and other public areas 

Developing and maintaining a current contact list for the media (television, radio, cable 
access, ham operators, newspapers, neighborhood newsletters), public information officers, 
jurisdictional leads, and key decision-makers will make message distributing during an 
incident much easier. 

Depending on the nature of an incident, some modes of communication will be more 
appropriate than others. For example, people may not have access to television or the 
Internet if the power is out; public forums may not be appropriate if roads are not passable. 

Key Issues to Consider 
Jurisdictions should use a technique such as message mapping to identify all issues that 
may require messaging during an event. Listed below are some ideas for ideas for creating 
message maps: 

•	 How will contaminated waste be collected? 

•	 What kind of health threat does contaminated waste pose for citizens? 

•	 How should citizens collect human waste if the sewer system is inoperable? 

•	 How will waste such as putrescibles, household hazardous waste, and human waste be 
handled and disposed of? 

• How will debris be collected? 

If curbside collection: 

•	 Will only certain types of debris be collected (will specific debris such as putrescibles be 
collected in the days following a disaster)? 

•	 How will the debris be collected? 

•	 How should citizens sort or separate their debris, especially hazardous waste? 

•	 What are the schedules and the routes for collection? 

• What is the final collection date for streets, sectors, or subdivisions? 

If collection centers: 

•	 Where are the collection centers? 
•	 Will residents be charged a fee to use the collection center? 
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12. PUBLIC NOTIFICATION AND COMMUNICATION PLAN 

•	 What are the daily collection center hours? 
•	 Is debris to be segregated at the collection centers? 
•	 What types of debris will be accepted at the centers? 
•	 How long will the collection centers accept disaster-related debris? 

For TDSR sites: 

•	 Where can a resident find a map of the TDSR sites for public debris drop-off of 
household hazardous waste, construction and demolition debris, etc.? Are these areas 
segregated and well marked for vehicular traffic? 

•	 Will residents be charged a fee to use the TDSR sites? 

•	 Will residents be restricted as to how much disaster-related debris can be dropped off at 
the TDSR sites? 

•	 Will the TDSR sites have burning, chipping, or grinding operations? If so, during which 
hours will these activities take place? Address any environmental concerns the public 
may have as well. 

•	 How long will residents be able to bring their disaster-related debris to the TDSR sites? 

•	 How long will the TDSR sites be open to process (reduce/recycle) debris? 

•	 Are there traffic changes that will impact the general public due to the location or 
operation of the TDSR sites? 

Addressing Concerns and Complaints 
How well a jurisdiction identifies and responds to the public’s issues and concerns 
following an event is important for building long term trust within the community. Prior to 
an event, jurisdictions should identify strategies for addressing public concerns during an 
incident including: 

•	 A toll-free number that can be activated during an event and staffed to provide 
information and route requests. 

•	 An information center at an accessible location for walk-up questions and requests. 

•	 Teams of jurisdiction staff who can travel through neighborhoods distributing 
information. 

12.2 Public Information Strategy during an Incident 
The jurisdiction’s public information staff will provide information to media outlets and the 
public during an incident. These activities may be provided solely by a single jurisdiction or 
through cooperation of multiple jurisdictions. 
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12. PUBLIC NOTIFICATION AND COMMUNICATION PLAN. 

Coordination with the Joint Information Center (JIC) 
Communications should be coordinated through the Joint Information Center (JIC) or Joint 
Information System (JIS); if a JIC or JIS has not been established, coordination should take 
place through each jurisdiction’s Public Information Officers (PIOs). 

If a JIC is established during a debris-causing incident, a debris liaison or technical specialist 
should be available to the JIC to assist the PIOs. The debris operations liaison can provide 
current information on such topics as: 

• Cleanup instructions 
• Status of cleanup 
• Locations of drop-off or collection sites 
• How to source-separate waste 
• Handling procedures 
• Illegal dumping provisions 
• Addressing complaints regarding debris piles or illegal dumping 

12.3 Reviewing and Updating Public Information Strategy 
The public information strategy should be evaluated after each disaster. Planning staff 
should assess whether the public information strategy addressed the needs of the 
community in a clear and timely manner. 

Changes should be made in the public information strategy to reflect lessons learned from a 
disaster. The strategy should also be updated annually to reflect advances in 
communications technology and major policy changes in solid waste processing. 

It is important to note that the public will likely assume the strategy used in one incident 
will be appropriate for use in the next one. If changes are made to the debris management 
program, these changes will need to be communicated to the public as part of a public 
information campaign. 
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13. Staff Development and Responsibilities 


This chapter lists staff roles that jurisdictions in the Seattle UASI Region will need to 
manage debris removal in the event of a disaster. This chapter describes the specific roles 
that jurisdiction staff may assume to plan for and respond to debris-causing incidents in 
order to ensure efficient response and recovery operations. 

13.1 Staff Development 
Each jurisdiction should assign staff to develop and maintain their operational disaster 
debris management plans and support debris management operations during an incident. 
Staff should be assigned to these roles prior to an incident so that proper training and 
planning can take place. 

Plan Ownership and Maintenance 
A single person or group within each jurisdiction should be responsible for the creation and 
maintenance of an operational disaster debris management plan for their jurisdiction. This 
person or group is responsible for directing the creation of the plan and ensuring it is 
updated and exercised based on the specifications within the plan. Appendix D, Operational 
Debris Management Plan Template, provides jurisdictions with a template to being the 
creation of their jurisdiction’s operational disaster debris management plan. 

Debris Operations Staff 
Debris operations staff are responsible for directing debris operations during and after an 
incident. During an incident, staff with debris management experience may need to assume 
one or more roles, including the following: 

•	 Debris Management Subject Matter Expert (SME): A debris management SME 
provides information and advice to incident command staff working in the operations 
and planning sections to guide disaster operations. 

•	 Debris Collection Supervisor: A Debris Collection Supervisor oversees collection 
activities prior to arrival at the disposal site and coordinates the debris routing, staffing, 
and field reporting activities. 

•	 Debris Removal Manager: A Debris Removal Manager manages and coordinates debris 
removal activities related to an incident, and ensures communication among other 
members of the disaster management team, communication of project status activity and 
reporting, and dissemination and implementation of policy directives to debris removal 
personnel. 

•	 Debris Site Supervisor: A Debris Site Supervisor manages a TDSR site and is 
responsible for overseeing waste separation and environmental protection concerns, as 
well as filling out paperwork and reporting documentation. 
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13. STAFF DEVELOPMENT AND RESPONSIBILITIES 

•	 Finance, Administration, and Logistical Staff: Tracks time for personnel and 
equipment, tracks incident costs, assists with contracting and purchasing resources, 
completes documentation required for reimbursement of expenses, and checks in and 
demobilize resources. 

13.2 Other Specialized Staff Resources 
Additional specialized staff may be needed to act as technical specialists during planning, 
response, and recovery for a debris-causing incident. These include the following: 

•	 Quality Assurance Personnel: Quality Assurance Personnel ensures the cost-effective 
and efficient monitoring of response and recovery operations. 

•	 Structural Engineer: A Structural Engineer oversees, inspects, and assesses impacted 
structures and makes appropriate recommendations on condemnation and demolition 
of buildings. 

•	 Legal Staff: Legal staff leads review and all legal matters in the debris management 
planning process. In addition to advising the debris management planning staff, the 
following tasks must also be performed by the legal department: 

−	 Contract review 
−	 Rights-of-entry permits 
−	 Community liability 
−	 Indemnification 
−	 Condemnation of buildings 
−	 Land acquisition for TDSR sites 
−	 Site closure/restoration and insurance 

•	 Public Information Officer: A PIO familiar with debris management issues should be 
assigned to the Incident Command staff, JIC or JIS, as necessary. Responsibilities include 
coordinating with other public information officers of other agencies to keep the public 
informed about all debris removal activities and schedules. Immediately after a disaster 
and continually throughout the removal and disposal operation, the PIO should arrange 
for public notification of all ongoing and planned debris clearance, removal, and 
disposal activities. Additional information on public information strategies in included 
in Section 12, Public Notification and Communications Plan. 

13.3 Training and Exercises 
To ensure consistent and comprehensive debris management operations, all jurisdictions in 
the Seattle UASI Region should periodically review the Disaster Debris Management Plan 
with all potential plan participants, including private companies franchised or contracted to 
provide debris management service during a disaster. 
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13. STAFF DEVELOPMENT AND RESPONSIBILITIES 

General Emergency Management Training 
Staff participating in disaster debris management operations should have general 
emergency management training, as well as position-specific training depending on their 
roles and as identified in their jurisdiction’s NIMS implementation and training plan. 

General emergency management training requirements are developed as part of the NIMS. 
Identified staff should complete the following courses: 

• IS-700 NIMS: An Introduction (available online) 
• IS-800 NRP: An Introduction (available online) 
• ICS-100: Introduction to NIMS ICS for Operational First Responders (available online) 
• ICS-200: Basic All-Hazards NIMS ICS for Operational First Responders (classroom) 
• ICS-300: Intermediate NIMS ICS1 (classroom) 

These requirements are listed as part of the Fiscal Year 2007 NIMS Training Requirements 
and the 2008 Five-Year NIMS Training Plan. Additional information on position-based 
NIMS training requirements is available from FEMA (see Appendix B, Online Resources, for 
more information on NIMS training requirements). 

Position-Specific Training 
Specific training may be required depending on specific staff roles and positions. FEMA 
provides several online classes that may be applicable to debris management staff, including 
IS-632, Introduction to Debris Operations, in FEMA’s Public Assistance Program, and IS-630, 
Introduction to the Public Assistance Program. FEMA’s Emergency Management Institute offers 
classroom training in debris management (E202 Debris Management). 

Exercises 
Procedures for disaster debris removal can be tested and exercised through discussion-
based or operational-based exercises. The purpose of these types of tests and exercises is to 
determine the overall efficiency and effectiveness of the operational procedures in a disaster 
scenario. These procedures can be exercised separately, or as part of another exercise. At a 
minimum, operational exercises should be conducted every 4 years. Plans should be 
modified based on AARs and corrective-action reports. 

13.4 Credentialing and Resource Typing 
As part of federal NIMS compliance objectives (FEMA 2008b), the United States Department 
of Homeland Security (DHS) is currently developing a nationwide credentialing system and 
position-specific resource typing metrics that will provide positive identification and verify 
baseline knowledge and experience criteria for emergency response and recovery 
professionals. Some of these criteria will be specific to debris management. Jurisdictions 
should work with the WAEMD to adopt a credentialing system that is compatible with the 
NIMS and s tracks the position descriptions and proposed qualifications of all staff who will 
participate in emergency management operations and disaster debris operations. 

1
 ICS-300 is recommended for strike team leaders, task force leaders, unit leaders, division/group supervisors, and branch 

directors, and is recommended for emergency operations center staff (FEMA 2008a). 

Disaster Debris Management Plan 
May 2008 

13-3 



 



 

 

 

 

 
 

 

 
 

 

 

 

14. References 


American Bar Association. 2005. Comments of the Section of Environment, Energy, and Resources 
of the American Bar Association. Access at: http://www.abanet.org/environ/ katrina/ 
Whitepaper.pdf. American Bar Association, Chicago, IL. November 2005. 

City of Seattle, 2007. Disaster Debris Management Plan – Final Draft. Seattle, WA 

CIWMB. 2001. Drywall Recycling. Access at: http://www.ciwmb.ca.gov/ publications/ 
condemo/43195069.doc. California Integrated Waste Management Board. 

Clinton, President William. May 22, 1998. Presidential Decision Directive/NSC-63. Critical 
Infrastructure Protection. Access at http://www.fas.org/irp/offdocs/pdd/pdd-63.htm. 

DHS. 2004a. Essential Support Function 3: Public Works and Engineering Annex, National 
Response Plan. Department of Defense, U.S. Army Corps of Engineers, Department of 
Homeland Security. Access at http://www1.va.gov/emshg/docs/national_response_ 
plan/files/ESF3.pdf, updated December 2004. 

DHS. 2004b. Essential Support Function 14: Long-Term Community Recovery and Mitigation 
Annex, National Response Plan. Department of Defense, U.S. Army Corps of Engineers, 
Department of Homeland Security. Access at http://www1.va.gov/emshg/docs/ 
national_response_plan/files/ESF14.pdf, updated December 2004. 

FEMA. 2007. FEMA 325 Debris Management Guide. Access at http://www.fema.gov/ 
government/grant/pa/policy.shtm, dated July 2007. Federal Emergency Management 
Agency. 

FEMA. 2008a. NIMS Implementation Tips of the Week – May 9 – ICS 300. Access at: 
http://www.fema.gov/emergency/nims/compliance/tip_050907.shtm. Last updated: 
May 9, 2007. Federal Emergency Management Agency. 

FEMA. 2008b. FY 2008 (October 1, 2007—September 30, 2008) NIMS Compliance Objectives and 
Metrics For States and Territories. Access at: http://www.fema.gov/library/file?type= 
publishedFile&file=fy_2008_nims_compliance_objectivesmetrics_state_022008.pdf&fileid= 
c9420250-e4a7-11dc-ae21-001185636a87. 

FEMA and State of Washington. 2003. Greenbook: Environmental Considerations and Contacts – 
Severe Storms and Flooding. FEMA-1499-DR-WA; Version 12-16-03. Federal Emergency 
Management Agency and Washington State Emergency Management Division. 

King County. 2001. Final Comprehensive Solid Waste Management Plan. Access at 
http://www.metrokc.gov/dnrp/swd/about/Planning/documents-planning.asp#comp. 

King County. 2003. King County Emergency Management Plan. Access at http://www. 
metrokc. gov/prepare/programs/countyplan.aspx. 

King County. 2004. King County Regional Hazard Mitigation Plan. Access at 
http://www.metrokc.gov/prepare/programs/hazmit.aspx. 

Disaster Debris Management Plan 
May 2008 

14-1 

http://www.abanet.org/environ/
http://www.ciwmb.ca.gov/%20publications/%20condemo/43195069.doc
http://www.ciwmb.ca.gov/%20publications/%20condemo/43195069.doc
http://www.fas.org/irp/offdocs/pdd/pdd-63.htm
http://www1.va.gov/emshg/docs/national_response_%20plan/files/ESF3.pdf
http://www1.va.gov/emshg/docs/national_response_%20plan/files/ESF3.pdf
http://www1.va.gov/emshg/docs/
http://www.fema.gov/%20government/grant/pa/policy.shtm
http://www.fema.gov/%20government/grant/pa/policy.shtm
http://www.fema.gov/emergency/nims/compliance/tip_050907.shtm
http://www.fema.gov/library/file?type=%20publishedFile&file=fy_2008_nims_compliance_objectivesmetrics_state_022008.pdf&fileid=%20c9420250-e4a7-11dc-ae21-001185636a87
http://www.fema.gov/library/file?type=%20publishedFile&file=fy_2008_nims_compliance_objectivesmetrics_state_022008.pdf&fileid=%20c9420250-e4a7-11dc-ae21-001185636a87
http://www.fema.gov/library/file?type=%20publishedFile&file=fy_2008_nims_compliance_objectivesmetrics_state_022008.pdf&fileid=%20c9420250-e4a7-11dc-ae21-001185636a87
http://www.metrokc.gov/dnrp/swd/about/Planning/documents-planning.asp#comp
http://www.metrokc.gov/prepare/programs/hazmit.aspx
http://www


 
 

 

 

 

14. REFERENCES 

King County. 2006. Disaster Debris Management Operating Plan. King County, Seattle, WA. 

Pierce County. 2000 and 2007. Tacoma-Pierce County Solid Waste Management Plan and 
Supplement. Access at http://www.co.pierce.wa.us/pc/services/home/environ/pdf/ 
solidwaste/pdf/2000plan.htm. 

Pierce County. 2004. Pierce County Natural Hazard Mitigation Plan. http://www.co.pierce. 
wa.us/pc/abtus/ourorg/dem/EMDiv/MitPCP.htm. 

Snohomish County. 2004. Comprehensive Solid Waste Management Plan. Snohomish County, 
Everett, WA. 

Snohomish County. 2005. Natural Hazards Mitigation Plan. Access at http://www1.co. 
snohomish.wa.us/Departments/Public_Works/Divisions/SWM/Work_Areas/River_Floo 
ding/Planning/Countywide, dated March 2005. 

Snohomish County. 2007. Debris Management Plan. Snohomish County, Everett, WA. 

SPU. 2004. Seattle’s Solid Waste Plan: On the Path to Sustainability – 2004 Plan Amendment. 
Seattle Public Utilities, Seattle, WA. 

U.S. EPA. 2008. Local Emergency Planning Committee (LEPC) Database. Access at 
http://yosemite.epa.gov/oswer/LEPCDb.nsf/HomePage?openform. U.S. Environmental 
Protection Agency. 

WAEMD. 2001. Mutual Aid and Interlocal Agreement Handbook. Access at: 
http://www.emd.wa.gov/plans/documents/MutualAidHandbook.pdf . Washington 
Military Department Emergency Management Division. January 2001. 

Disaster Debris Management Plan 
May 2008 

14-2 

http://www.co.pierce.wa.us/pc/services/home/environ/pdf/%20solidwaste/pdf/2000plan.htm
http://www.co.pierce.wa.us/pc/services/home/environ/pdf/%20solidwaste/pdf/2000plan.htm
http://www.co.pierce/
http://yosemite.epa.gov/oswer/LEPCDb.nsf/HomePage?openform
http://www.emd.wa.gov/plans/documents/MutualAidHandbook.pdf
http:http://www1.co


 

APPENDIX A 

Additional Debris Resources 




 



 
 

 

 

 
  

  

  
  

  

  

   

 
 

 

 
  

 

 
  

  

    
  

  
  

  
  

  
  

 
  

 

  
  

   

    

 
  

 

  

APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-1 
List of Additional Debris Processing and Disposal Resources – Construction and Demolition Waste 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Allied Waste - Third & Lander 2733 3rd Ave S 206-332-7700 Wood recycling 
Recycling & Transfer Station Seattle, WA 

Allied Waste - Black River Facility 501 Monster Road SW 206-332-7700 Wood recycling 
Renton, WA 

American Roofing Recyclers 1426 Bonneville Ave. 360-563-6114 Asphalt Roofing recycling  20,000 tons/year 
Snohomish, WA 

Armstrong World Industries 2500 Columbia Ave. 877-276-7876 Acoustic Ceiling Tile recycling 
Lancaster, PA  

Bedrock Industries 1401 W. Garfield St 206-283-7625 Brick, Concrete recycling 2 tons a day 
Seattle, WA 

Building Busters, Inc. 13001 Martin Luther King Jr Way S 206-772-6556 Concrete recycling 20 tons a day 
Seattle, WA 

Cedar Grove Composting - Everett 3620 36th PL. NE 877-764-5748 Clean Wood recycling 
Everett, WA 

Cedar Grove Composting - Maple 17825 Cedar Grove Rd SE 877-764-5748 Clean Wood recycling 
Valley Maple Valley, WA 

deConstructor 5341 SW Dash Point Rd. 253-335-3132 Reusable Building Materials 
Federal Way, WA 

Dick's Chipping Service 17316 North Rd 425-743-9640 Wood recycling 
Bothell, WA 

Earthwise 2462 1st Ave. S 206-624-4510 Reusable Building Materials 
Seattle, WA 

Fruhling Sand and Topsoil 1010 228th St. SW 425-485-1442 Asphalt, Concrete recycling 4-5 tons a day 
Bothell, WA 

GTS Interior Supply 10858 117th Pl NE 425-828-6761 Acoustic Ceiling Tile recycling 
Kenmore, WA 

Habitat for Humanity 206-292-5240 Reusable Building Materials 

Holroyd Concrete Recycling 3733 South 34th St Inert Waste Recycling 
Tacoma, WA 

Icon Materials King and Pierce Counties Contracting: Asphalt 30,000 tons a year 
206-574-3903 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-1 
List of Additional Debris Processing and Disposal Resources – Construction and Demolition Waste 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Land Recovery Incorporated 17925 Meridian St E 253-847-7555 Wood recycling 4100 tons a month 
Puyallup, WA 

Marathon Wood Recovery 32300 148th Ave SE 253-939-5497 Wood recycling 
Auburn, WA 

Purdy Topsoil 5819 133d St NW Inert waste recycling 

Resource Woodworks Inc. 627 E 60th St 253-474-3757 Reusable Building Materials, Wood 
Tacoma, WA recycling 

R. W. Rhine, Inc. 1313 112th St E 253-537-5852 Reusable Building Materials 
Tacoma, WA 

Rainier Wood Recyclers - Fall City 33216 Redmond Fall City Rd SE 425-222-0008 Wood recycling 
(St Rt 202) 
Fall City, WA 

Randall Sand and Gravel 19209 Canyon Rd E Inert waste recycling 
Tacoma, WA 

Recovery 1, Inc. 1630 E 18th St. 253-627-1180 All types of non-hazardous CDL Limited by 15,000 cubic 
Tacoma, WA yards on-site capacity 

Resource Recovery Services, Inc. 8625 219th St SE 425-486-2761 Drywall recycling 
Woodinville, WA 

Second Use Building Materials 7953 2nd Ave S 206-763-6929 Reusable Building Materials recycling 100 tons a month 
Seattle, WA 

Rinker Materials-Snohomish 19000 Yew Way 425-348-6396 Asphalt, Brick, Concrete 4 to 5 tons a day 
Snohomish, WA 

Seegert Inc. 595 Waynes Ridge Cir 360-387-7533 Asphalt, Brick, Concrete recycling 
Camano Island, WA 

Squak Mountain Materials, Inc. 10430 Renton - Issaquah Rd SE  425-392-1433 Asphalt, Concrete, Wood recycling 
Issaquah, WA 

Stoneway Concrete 6808 S 140th  425-226-1000 Asphalt, Concrete, Porcelain 
Tukwila, WA recycling 

The ReStore 1440 NW 52nd St 206-297-9119 Brick, Reusable Building Materials, 
Seattle, WA Wood recycling 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-1 
List of Additional Debris Processing and Disposal Resources – Construction and Demolition Waste 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

The ReUse People of America P.O. Box 2655 
Renton, WA 

206-423-9789 Reusable Building Materials recycling 

Timberlake Forest Products 3808 N. Sullivan Rd. 
Spokane, WA 

800-686-0865 Wood recycling 

Tucci  1105 26th Ave S 
Tacoma, WA 

Inert waste recycling 

Waste Management - Cascade 
Recycling Center 

14020 NE 190th St. 
Woodinville, WA 

425-485-
8145 x14 

Asphalt, Concrete, Wood recycling 

Waste Management - Commercial 
Recycling Services 

7201 W Marginal Way 
Seattle, WA 

866-962-9253 Asphalt Roofing, Concrete, Wood 
recycling 

Waste Management - Eastmont 
Recycling Center 

7201 W Marginal Way SW 
Seattle, WA 

206-763-8943 Asphalt, Concrete, Wood recycling 

Waste Management - Recycling 
Northwest 

355 H St. NW 
Auburn, WA 

866-962-9253 Asphalt, Concrete, Wood recycling 

Watson Asphalt and Paving Inc. 19220 NE 80th 
Redmond, WA 

425-868-4377  Asphalt recycling 

Wm. Dickson Waller Road Inert 
Waste Landfill 

2839 48th S E 
Tacoma, WA 

253-922-3296 Inert waste recycling 

Inert Landfill 

Woodworth & Company 2800 104th St S 
Lakewood, WA 

253-582-5181 Asphalt, Asphalt Roofing, Concrete 
recycling 

 2,000 tons/day 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-2 
List of Additional Debris Processing and Disposal Resources –Vegetative Waste 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

A&J Development 5219 200th St E Land clearing debris 

Allied Waste - Commercial 
Services & Sales 

54 S Dawson St.  
Seattle, WA 

206-332-7700 Brush/Woody Waste, Yard Waste 

Benchmark Recycling, Inc. 3024 S Mullen St. 
Tacoma, WA 

253-565-1565 Brush/Woody Waste 

Cedar Grove Composting - Everett 3620 36th PL. NE 
Everett, WA 

877-764-5748 Brush/Woody Waste, Yard Waste  222,000 Tons/year 

Cedar Grove Composting - Maple 
Valley 

17825 Cedar Grove Rd SE 
Maple Valley, WA 

877-764-5748 Brush/Woody Waste, Yard Waste 

Concrete Recyclers/JS&S 
Trucking, Inc. 

2831 Black Lake Blvd. SW 
Tumwater, WA 

360-951-0999 Yard Waste 

Dick's Chipping Service 17316 North Rd 
Bothell, WA 

425-743-9640 Brush/Woody Waste 

DRS Inc. PO Box 726 
Bothell, WA 

866-991-9960 Brush/Woody Waste, Yard Waste 1000 tons a month 

Fruhling Sand and Topsoil 1010 228th St. SW 
Bothell, WA 

425-485-1442 Brush/Woody Waste 

Goodnight Construction PO Box 1347 
Monroe, WA 

360-794-6220 Brush/Woody Waste 

Grayhawk Construction 9606 NE 180th St. 
Bothell, WA 

425-402-4122 Brush/Woody Waste, Yard Waste 

Holroyd Concrete Recycling 3733 South 34th St 
Tacoma, WA 

Brush/Woody Waste 

Land Recovery Incorporated: 
Sales Road 

10308 Sales Road 
Tacoma, WA 

253-589-6993 Grass clippings, leaves, brush, sod, 
branches, wood chips, clean lumber 
Clean stumps, branches larger than 4" 
in diameter, brush, untreated wood 
products and unpainted wood 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-2 
List of Additional Debris Processing and Disposal Resources –Vegetative Waste 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Land Recovery Incorporated: 
Purdy Transfer Station 

14515 54th Avenue NW 
Gig Harbor, WA 

Grass clippings, leaves, brush, sod, 
branches, wood chips, clean lumber 
Clean stumps, branches larger than 4" 
in diameter, brush, untreated wood 
products and unpainted wood 

Land Recovery Incorporated: 
Hidden Valley Transfer Station 

17925 Meridian Street East 
Puyallup, WA 

253-847-7555 Grass clippings, leaves, brush, sod, 
branches, wood chips, clean lumber 
Clean stumps, branches larger than 4" 
in diameter, brush, untreated wood 
products and unpainted wood 

Lenz Enterprises 5212 SR532 
Stanwood, WA 98292 

360-629-2933 On-site and mobile grinding of 
vegetative waste. 

40,000 tons/year 

Has 12-foot tub grinder 

Lloyd Enterprises 80 5th Ave.  
Milton, WA 

253-874-6692 Brush/Woody Waste 

Pacific Topsoils, Inc. - Bellevue 1733 127th Ave NE 
Bellevue, WA 

800-884-7645 Brush/Woody Waste 

Pacific Topsoils, Inc. – Issaquah 9830 Renton Issaquah Rd SE 
Issaquah, WA 

800-884-7645 Brush/Woody Waste 

Pacific Topsoils, Inc. – Maltby 8616 219th St SE 
Woodinville, WA 

800-884-7645 Brush/Woody Waste 

Pacific Topsoils, Inc. - Maple 
Valley 

21501 SE Lake Francis Rd. 
Maple Valley, WA 

800-884-7645 Brush/Woody Waste 

Pacific Topsoils, Inc. - Mill Creek 13517 35th Ave. SE 
Mill Creek, WA 

800-884-7645 Brush/Woody Waste 

Pacific Topsoils, Inc. - Smith 
Island 

3000 W Frontage Rd. 
Everett, WA 

800-884-7645 Brush/Woody Waste 

Pacific Topsoils, Inc. - Kenmore 7500 NE 175th St 
Kenmore, WA 

800-884-7645 Brush/Woody Waste, Yard Waste 53,000 tons a year 

Pacific Topsoils, Inc. - Seattle 1212 N 107th 
Seattle, WA 

800-884-7645 Brush/Woody Waste, Yard Waste 53,000 tons a year 

Pacific Topsoils, Inc. - Tukwila 6000 S 129th St  
Seattle, WA 

206-772-3091 Brush/Woody Waste, Yard Waste 53,000 tons a year 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-2 
List of Additional Debris Processing and Disposal Resources –Vegetative Waste 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

Purdy Topsoil 5819 133d St NW Brush/Woody Waste, Yard Waste 

Rainier Wood Recyclers - Fall City 33216 Redmond Fall City Rd SE  
(St Rt 202) 
Fall City, WA 

425-222-0008 Brush/Woody Waste, Yard Waste Unlimited amount 

Randall Sand and Gravel 19209 Canyon Rd E 
Tacoma, WA 

Brush/Woody Waste, Yard Waste 

Rivers Edge Services Inc. 253-872-8988 Brush/Woody Waste, Yard Waste 

Recovery 1, Inc. 1630 E 18th St. 
Tacoma, WA 

253-627-1180 Brush/Woody Waste 

Simon and Sons 2202 E River St 
Tacoma, WA , 98421-1502   

253-272-9364 Wholesales Ferrous & Nonferrous 
Scrap Metals Recycling services, 
Refuse treatment, Scrap and waste 
materials,  

Sunset Materials Inc. - Issaquah 
Road 

18011 SE Renton - Issaquah Rd. 
Renton, WA 

425-226-4140 Brush/Woody Waste 

Sunset Materials Inc. - Maple 
Valley Road 

18825 SE Renton Maple Valley Rd. 
Renton, WA 

425-226-3653 Brush/Woody Waste, Yard Waste 

Squak Mountain Materials, Inc. 10430 Renton - Issaquah Rd SE 
Issaquah, WA 

425-392-1433 Brush/Woody Waste 

Topsoils, Inc. 18827 Yew Way 
Snohomish, WA 

425-485-0355 Brush/Woody Waste 

Waste Management - Commercial 
Recycling Services 

7201 W Marginal Way 
Seattle, WA 

866-962-9253 Brush/Woody Waste 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-3 
List of Additional Debris Processing and Disposal Resources – Recycling 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

AAA Recycling & Salvage - 2099 2nd St 360-802-4544 Aluminum Cans, Ferrous Metals, 
Enumclaw Enumclaw, WA Nonferrous Metals 

Allied Waste - Commercial 54 S Dawson St. 206-332-7700 Aluminum Cans, Ferrous Metals, 
Services & Sales Seattle, WA Nonferrous Metals, Steel/Tin Cans 

Allied Waste - Third & Lander 2733 3rd Ave S 206-332-7700 Aluminum Cans, Steel/Tin Cans 
Recycling & Transfer Station Seattle, WA 

American Data Guard 7272 W Marginal Way S 206-285-5955 Confidential Documents 
Seattle, WA 

Arrow Metals Corp 6014 238th St. SE 425-481-1828 Ferrous Metals, Nonferrous Metals  300 tons/day 
Woodinville, WA 

AtWork! 970 7th Ave. NW 425-274-4000 Cardboard, Mixed Paper, Newspaper, 
Issaquah, WA Office Paper, Phone Books, Aluminum 

Cans 

Binford Metal Recycling 26133 78th Ave. S 253-854-8000 Aluminum Cans, Ferrous Metals, No processing, 
Kent, WA Nonferrous Metals material sorting and 

transfer only 

Benchmark Recycling, Inc. 3024 S Mullen St. 253-565-1565 Ferrous Metals, Nonferrous Metals, 
Tacoma, WA Cardboard 

Calbag Metals 1602 Marine View Dr. (800) 801-5732 Metal recycling 
Tacoma, WA 98422 

Carton Service, Inc. 1141 Andover Park W 206-575-9111 Cardboard 
Tukwila, WA 

Commercial Metals, Inc. 117 Frontage Rd. N 253-833-4146 Aluminum Cans, Steel/Tin Cans 
Pacific, WA 

Construction Waste Management 425-402-1972 Ferrous Metals, Cardboard 

Democon 206-652-1381 Ferrous Metals, Nonferrous Metals 

DRS Inc. PO Box 726 866-991-9960 Clean Sheetrock, Cardboard 
Bothell, WA 

Ecodisk 601 Valley Ave. NE 253-471-1800 Confidential Documents 
Puyallup, WA 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-3 
List of Additional Debris Processing and Disposal Resources – Recycling 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Fletcher Distributing and Recycling 18407 Renton-Maple Valley Rd 425-432-3960 Aluminum Cans, Ferrous Metals, Cans: 100,000 
Maple Valley, WA Nonferrous Metals pounds/year 

Ferrous: 600,000 
pounds/year 

Full container recovery 1702 Port of Tacoma Rd 253-272-7726 Food container and liquid recycling 
Tacoma, WA 98421 

G.C. Recycle WA 206-819-8785 Nonferrous Metals 

Have Art Will Travel 11410 NE 124th St, PMB 224 425-488-6511 Mixed Paper 
Kirkland, WA 

Independent Metals Company 747 S Monroe St. 206-763-9033 Ferrous Metals, Nonferrous Metals 
Seattle, WA 

JMK Fiber 1440 Port of Tacoma Road 253-272-6208 Mixed paper, cardboard 
Tacoma, WA 98421 

Keppler Feed and Recycling 16442 SE Renton- Issaquah Rd 425-226-5239 Aluminum Cans, Nonferrous Metals, 
Renton, WA Cardboard, Mixed Paper, Newspaper, 

Office Paper 

Non-Ferrous Metals, Inc. 230 S Chicago St. 206-762-3600 Nonferrous Metals 
Seattle, WA 

Omegareign Corporation 206-501-6529 Aluminum Cans, Ferrous Metals, 
Nonferrous Metals 

Pacific Iron and Metal 2230 4th Ave S 206-628-6232 Nonferrous Metals 
Seattle, WA 

Pearson Metal Salvage 10403 Portland Ave E 253-535-4809 Metal Recycling 
Tacoma, WA 

Recycling Depot 851 Rainier Ave. S 206-325-7288 Aluminum Cans, Nonferrous Metals, Capacity of 
Seattle, WA Steel/Tin Cans, Cardboard, Newspaper approximately 2,400 

cubic yards 

ReNu Recycling Services 35131 SE Center St  877-444-7368 Cardboard 
Snoqualmie, WA 

Rivers Edge Services Inc. 253-872-8988 Cardboard 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-3 
List of Additional Debris Processing and Disposal Resources – Recycling 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Schnitzer Steel 1902 Marine View Drive 
Tacoma, WA 

Ferrous Metals, Nonferrous Metals 

Seattle Iron & Metals Corp. 601 S Myrtle St. 
Seattle, WA 

206-682-0040 Ferrous Metals, Nonferrous Metals 

Simpson Tacoma Kraft 917 E. 11th St. 
Tacoma WA 98421 

(253) 779-6400 Paper and paperboard recycling 

Skagit River Steel & Recycling, 
Inc. 

1265 S Anacortes St 
Burlington, WA 

360-757-6096 Ferrous Metals, Nonferrous Metals 

Sno-King Recycling 16123 Highway 99 
Lynnwood, WA 

425-745-8282 Aluminum Cans, Ferrous Metals, 
Nonferrous Metals, Cardboard, 
Newspaper, Office Paper 

Sonoco Products Recycling 1802 Steele Avenue 
Sumner, WA  98390-0489 

253-863-6366 Paper and paperboard recycling 

SP Recycling 4109 192nd St East 
Tacoma, WA 98466 

253-846-9010 Aluminum Cans, Ferrous Metals, 
Nonferrous Metals, Cardboard, Mixed 
Paper, Newspaper, Office Paper 

Sutta Company 2400 6th Ave. 
Seattle, WA 

206-447-4120 Confidential Documents 

Tacoma Metals 1754 Thorne Road 
Tacoma, WA 98421 

253 627-1440 Recycler of non-ferrous metals 

Tacoma Recycling Co. 2318 S. Tacoma Way 
Tacoma, WA 98409 

253-474-9559 Aluminum Cans, Ferrous Metals, 
Nonferrous Metals, Cardboard, Mixed 
Paper, Newspaper, Office Paper 

West Seattle Recycling, Inc. 3881 16th Ave SW 
Seattle, WA 

206-935-4255 Aluminum Cans, Ferrous Metals, 
Nonferrous Metals, Cardboard, Mixed 
Paper, Newspaper, Office Paper 

Weyerhaeuser Recycling 1225 6th Ave. N 
Kent, WA 

253-372-1360 Phone Books, Pulltabs 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-4 
List of Additional Debris Processing and Disposal Resources – Pathogenic Waste 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

Baker International PO Box 58368 
Seattle, WA

 Pathogenic waste  Can take whole 
livestock carcasses  

Darling International 2041 Marc St. 
Tacoma, WA

 Pathogenic waste 500,000 pounds a 
week of non-domestic 
animals 

Darling mostly renders 
fat – can’t accept full 
carcasses 

QAR Rendering Services 23123 Meridian Ave. E 
Graham, WA

 Pathogenic waste Only hauling service, 
does not process 
waste 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-5 
List of Additional Debris Processing and Disposal Resources – White Goods 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

AAA Recycling & Salvage - 2099 2nd St 360-802-4544 
Enumclaw Enumclaw, WA 

Accurate Service 7440 159th Pl NE 425-885-6001 
Redmond, WA 

All-Affordable Appliances 10730 Myers Way S 206-241-0300 
Seattle, WA 

Arrow Metals Corp 6014 238th St. SE 425-481-1828 250 tons/day 
Woodinville, WA 

Bob's Maytag Home Appliance 33029 Pacific Hwy S 253-661-5345 
Center Federal Way, WA 

Bloch Steel 4580 Colorado Ave S 206-763-0200 No refrigerators or products with CFCs.  Capacity of 50 tons a 
Seattle, WA Only items such as washers, dryers, day 

water heaters, etc.   

E.I.R. Enterprise Redmond, WA 425-392-8990 50 refrigerators/year  

Fletcher Distributing and Recycling 18407 Renton-Maple Valley Rd 425-432-3960 125,000 pounds/year 
Maple Valley, WA 

G.C. Recycle 206-819-8785 

Grayhawk Construction 9606 NE 180th St. 425-402-4122 
Bothell, WA 

Independent Metals Company 747 S Monroe St. 206-763-9033 
Seattle, WA 

Intechra 2940 Eisenhower St 972-389-5865 
Carrolton, TX 

Jaco Environmental 800-414-5072 

Keppler Feed and Recycling 16442 SE Renton- Issaquah Rd 425-226-5239 
Renton, WA 

King & Bunny's Appliance 4608 NE Sunset Blvd. 425-277-0600 
Renton, WA 

L&L Appliance 1336 W Main St. 253-939-9338 
Auburn, WA 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-5 
List of Additional Debris Processing and Disposal Resources – White Goods 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Major Brand Appliances 34419 Pacific Hwy S 
Federal Way, WA 

253-838-7056 

Mom's Appliance 13429 Highway 99 
Everett, WA 

425-335-3535 

Re-Use Consulting 2421 St Clair St. 
Bellingham, WA 

360-201-6977 

Total Reclaim 2200 6th Ave. S 206-343-7443 
Seattle, WA 

West Seattle Recycling, Inc. 3881 16th Ave SW 
Seattle, WA 

206-935-4255 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-6 
List of Additional Debris Processing and Disposal Resources – Vehicles 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Arrow Metals Corp 6014 238th St. SE 
Woodinville, WA 

425-481-1828  Vehicles and Major Vehicle Parts 250 tons/day 

Independent Metals Company 747 S Monroe St.  
Seattle, WA 

206-763-9033 Vehicles and Major Vehicle Parts 

Sam's Recycling 19215 Winesap Rd 
Bothell, WA 

425-776-6265 Vehicles and Major Vehicle Parts 

Turbo Transport Towing and 
Recovery 

623 Shelton Ave NE 
Renton, WA 

425-830-3532 Vehicles and Major Vehicle Parts Hauling only – max 32 
cars/day 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-7 
List of Additional Debris Cleanup and Processing Resources – Soil, Mud, and Sand 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Allied Waste - Commercial 54 S Dawson St. 206-332-7700 Clean Soil, Contaminated Soil 
Services & Sales Seattle, WA 

Allied Waste - Third & Lander 2733 3rd Ave S 206-332-7700 Contaminated Soil 
Recycling & Transfer Station Seattle, WA 

Benchmark Recycling, Inc. 3024 S Mullen St. 253-565-1565 Clean Soil 
Tacoma, WA 

Bobby Wolford Trucking & 8625 219th St. SE 425-481-1800 Clean Soil 
Demolition Woodinville, WA 

E.I.R. Enterprise Redmond, WA 425-392-8990 Clean Soil 

Fruhling Sand and Topsoil 1010 228th St. SW 425-485-1442 Clean Soil 
Bothell, WA 

Grayhawk Construction 9606 NE 180th St. 425-402-4122 Clean Soil, Contaminated Soil 
Bothell, WA 

LaFarge North America, Inc. 5400 W. Marginal Wy SW 206-937-8025 Contaminated Soil 
Seattle, WA 

Lloyd Enterprises 80 5th Ave. 253-874-6692 Clean Soil 
Milton, WA 

Pacific Topsoils, Inc. - Bellevue 1733 127th Ave NE 800-884-7645 Clean Soil 
Bellevue, WA 

Pacific Topsoils, Inc. - Issaquah 9830 Renton Issaquah Rd SE 800-884-7645 Clean Soil 
Issaquah, WA 

Pacific Topsoils, Inc. - Kenmore 7500 NE 175th St 800-884-7645 Clean Soil 
Kenmore, WA 

Pacific Topsoils, Inc. - Maltby 8616 219th St SE 800-884-7645 Clean Soil 
Woodinville, WA 

Pacific Topsoils, Inc. - Maple 21501 SE Lake Francis Rd. 800-884-7645 Clean Soil 
Valley Maple Valley, WA 

Pacific Topsoils, Inc. - Mill Creek 13517 35th Ave. SE 800-884-7645 Clean Soil 
Mill Creek, WA 

Pacific Topsoils, Inc. - Seattle 1212 N 107th 800-884-7645 Clean Soil 
Seattle, WA 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-7 
List of Additional Debris Cleanup and Processing Resources – Soil, Mud, and Sand 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

Pacific Topsoils, Inc. - Smith 
Island 

3000 W Frontage Rd. 
Everett, WA 

800-884-7645 Clean Soil 

Pacific Topsoils, Inc. - Tukwila 6000 S 129th St 
Seattle, WA 

206-772-3091 Clean Soil 

Palmer Coking Coal Co. 31407 Hwy 169 
Black Diamond, WA 

360-886-2841 Clean Soil 

Rinker Materials-Everett 6300 Glenwood Ave. 
Everett, WA 

425-355-2113 Clean Soil 

Rinker Materials-Snohomish 19000 Yew Way 
Snohomish, WA 

425-348-6396 Clean Soil 

Rivers Edge Services Inc. 253-872-8988 Clean Soil 

Topsoils, Inc. 18827 Yew Way 
Snohomish, WA 

425-485-0355 Clean Soil 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-8 
List of Additional Debris Processing and Disposal Resources – Putrescibles 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Contact Local Health Agency. 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-9 
List of Additional Debris Processing and Disposal Resources – Infectious Waste 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

Consult Local Health Agency 

Steriecycle 830 Westland Avenue 
Morton, WA 98356 

360-496-5988 Medical Waste Recycling 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-10 
List of Additional Debris Processing and Disposal Resources – Hazardous Waste 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

AmeriGas Various Locations 253-872-7613  Propane Tanks 

Blue Rhino Various Locations 360-273-2971  Propane Tanks 

City of Seattle North Hazardous 
Waste Facility 

206-296-4692 Cleaners, paints and solvents, 
pesticides and herbicides, pool 
chemicals, medicines, and cosmetics. 

1,000 gallons a day 
assuming ability to 
transport waste daily. 
Limited by size of site 

City of Seattle South Hazardous 
Waste Facility 

Ecolights Northwest, LLC 

8105 5th Ave. S. 
Seattle, WA 

1915 S. Corgiat Drive 
Seattle, WA 

206-296-4692 Cleaners, paints and solvents, 
pesticides and herbicides, pool 
chemicals, medicines, and cosmetics. 

2,000 gallons a day 
assuming ability to 
transport waste daily. 
Limited by size of site. 

Emerald Services 206-832-3000 Oil, batteries, light bulbs, paint 

Factoria Household Hazardous 
Waste Drop-Off Service 

13800 SE 32nd St 
Bellevue, WA 

206-296-4692 Cleaners, paints and solvents, 
pesticides and herbicides, pool 
chemicals, medicines, and cosmetics. 

2,500 gallons a day 

LRI Hidden Valley Household 
Hazardous Waste Facility 

17925 Meridian Street East 
Puyallup, WA 

253-847-7555 Moderate Risk Waste 

Phillips Services Corporation 5400 Denver Ave. 
Seattle, WA 

253-872-8030 Cleaners, paints and solvents, 
pesticides and herbicides, pool 
chemicals, medicines, and cosmetics. 

Can process 800 
drums (55 gallon) of 
paint, 40 drums of 
batteries, 500 drums 
of aeresol, 900 drums 
of household cleaners 

Phillips Services Corporation  1701 E. Alexander Ave 
Tacoma WA 98421 

253-627-7568 Service Area: ID, MT, OR, WA 

Permitted TSDF & Moderate Risk 
Waste Facility 

Snohomish Moderate Risk Waste 
Facility 

3434 McDougal Ave 
Everett, WA 98201 

425-388-6050 Moderate risk waste 

City of Tacoma Household 
Hazardous Waste 

3510 South Mullen St 
Tacoma, WA 

253-591-5418 Household hazardous waste 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-11 
List of Additional Debris Processing and Disposal Resources – Electronics 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

3RTechnology, LLC 206-957-2682 Audio/Video, Cameras/Supplies, 200 tons a year 
CDs/Floppies, Cell Phones, Circuit 
Boards, Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

Allied Waste - Third & Lander 2733 3rd Ave S 206-332-7700 Computer Monitors, TVs 
Recycling & Transfer Station Seattle, WA 

Allied Waste - Black River Facility 501 Monster Road SW 206-332-7700 Computer Monitors, TVs 
Renton, WA 

AMS Laser and Copier Systems 15106 10th Ave. SW 206-764-3344 Computer Printers/Peripherals 
Burien, WA 

Catharine Blaine Charity PO Box 77425 206-367-8097 Computer Printers/Peripherals, 
Seattle, WA Computers and Laptops 

Computer Recycling Service, Inc. 7507 Aurora Ave N. 425-957-1211 CDs/Floppies, Cell Phones, Circuit 
Seattle, WA Boards, Computer Monitors, Computer 

Printers/Peripherals, Computers and 
Laptops 

Computer Equipment Resources 20212 87th Ave S 425-880-4602 Audio/Video, Cell Phones, Computer 
Corp. Kent, WA Monitors, Computer 

Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

George Electronix (NW Vacuum 15015 Main St #109 425-643-0726 Audio/Video, Computer Monitors, 
TV & VCR) Bellevue, WA Computer Printers/Peripherals, 

Computers and Laptops, Copier/Fax 
Machines, TVs 

GreenDisk Inc. 1988 18th Avenue NE 800-305-3475 Audio/Video, CDs/Floppies, Cell 
Issaquah, WA Phones, Computer Monitors, Computer 

Printers/Peripherals, Computers and 
Laptops, PDAs/Pagers 

Ecodisk 601 Valley Ave. NE 253-471-1800 Cameras/Supplies, CDs/Floppies 
Puyallup, WA 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-11 
List of Additional Debris Processing and Disposal Resources – Electronics 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

Hallmark Refining 1016 Dale Lane 
Mt. Vernon, WA 

Computer Monitors, Computers and 
Laptops 

Happy Hauler, LLC Seattle, WA 206-784-0313 Cell Phones, Computer Monitors, 
Computer Printers/Peripherals, 
Computers and Laptops, Copier/Fax 
Machines, PDAs/Pagers, TVs 

InterConnection Computer Reuse 
and Learning Center 

2222 N Pacific St 
Seattle, WA 

206-633-1517 Cell Phones, Computer Monitors, 
Computer Printers/Peripherals, 
Computers and Laptops, PDAs/Pagers 

Office Depot Various Cameras/Supplies, Cell Phones, 
Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers 

Offshore Scrap Iron 206-730-2592 CDs/Floppies, Cell Phones, Circuit 
Boards, Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops 

Omegareign Corporation 
206-501-6529 

Audio/Video, Cameras/Supplies, 
CDs/Floppies, Cell Phones, Circuit 
Boards, Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

PC Recycle - Federal Way 29100 Pacific Hwy. S 
Federal Way, WA 

253-839-9377 Audio/Video, Cell Phones, Computer 
Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

Company handles 
approximately 2,000 
units a day. Sorting 
facility is in Bellevue. 

PC Recycle - Bellevue 13107 NE 20th 
Bellevue, WA 

425-881-4444 Audio/Video, Cell Phones, Computer 
Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

Company handles 
approximately 2,000 
units a day. Sorting 
facility is in Bellevue. 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-11 
List of Additional Debris Processing and Disposal Resources – Electronics 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

PC Recycle – Marysville 11603 State Ave. Suite D 
Marysville, WA 98270 

360-659-6131  

PC Trades 30012 24th Ave. SW 
Federal Way, WA 

253-661-1083 Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops 

Philip Services Corp - Georgetown 
Site 

5400 Denver Ave. 
Seattle, WA 

800-228-7872 CDs/Floppies, Cell Phones, Circuit 
Boards, Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

Philip Services Corp - Kent Site 20245 77th Ave. S 
Kent, WA 

800-228-7872 CDs/Floppies, Cell Phones, Circuit 
Boards, Computer Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

RE-PC Recycled Computers and 
Peripherals 

510 Andover Park W 
Tukwila, WA 

206-575-8737 Audio/Video, Cell Phones, Computer 
Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

RE-PC Recycled Computers and 
Peripherals 

510 Andover Park W 
Tukwila, WA 

206-623-9151 Audio/Video, Cell Phones, Computer 
Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

Santamaria and Sons, Inc. Ravensdale, WA 360-886-2064 Cell Phones, Computer Monitors, 
Computer Printers/Peripherals, 
Computers and Laptops, Copier/Fax 
Machines, PDAs/Pagers 

Total Reclaim 2200 6th Ave. S 
Seattle, WA 

206-343-7443 Audio/Video, Cell Phones, Computer 
Monitors, Computer 
Printers/Peripherals, Computers and 
Laptops, Copier/Fax Machines, 
PDAs/Pagers, TVs 

Capacity of around 
1,000 tons a month 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-11 
List of Additional Debris Processing and Disposal Resources – Electronics 

Name Address Phone Type 

Verified 
Processing/Disposal 

Capacity 

Vashon Reclaim and Recycle Vashon Island, WA 206-734-4815 Cell Phones, Computer Monitors, 
Computer Printers/Peripherals, 
Computers and Laptops, Copier/Fax 
Machines, PDAs/Pagers, TVs 

Wilderness Technology Alliance 206 SW 112th St 
Seattle, WA 

206-242-9505 Computer Monitors, Computers and 
Laptops 

World Village Network 1203 NE 96th Street 
Seattle, WA 

206-661-1909 Cell Phones, PDAs/Pagers 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-12 
List of Additional Debris Processing and Disposal Resources – Chemical, Biological, Radiological, and Nuclear Contaminated Debris 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

EPA National Response Center  1-800-424-8802 Detection, Assessment, Removal EPA has access to 
contractors who can 
assist with all types of 
contaminated debris. 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-13 
List of Additional Debris Processing and Disposal Resources – Hog Fuel Burners 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Grays Harbor Paper Aberdeen, WA 877-340-9335 

Hampton Lumber Mills Darrington, WA 

Morton, WA 

Randle, WA 

Doug Cooper 

503-545-7167 

Hampton doesn’t usually need to 
purchase additional hog fuel but may 
be able to handle excess hog fuel at 
the Darrington mill depending on the 
time of year and market conditions. 

Storage: Unlimited 

Usage: 2,000 tons/day 

Kimberly Clark Everett, WA Jim Short Limberly Clark purchases hog fuel for Storage: 100,000 tons 

425-259-7469 their Everett mill. Usage: 2,000 tons/day 

Longview Fiber Longview, WA 360-425-1550 

Sierra Pacific Industries Burlington, WA 530-378-8000 

Simpson Tacoma Kraft Tacoma, WA Greg Narim 
253-596-0234 
Steve Reglin 
253-596-0323 

Simpson purchases hog fuel for a 
regeneration boiler located on the 
Tacoma Tide Flats.  

Storage 20,000 tons 

Usage: 6,000 tons/day 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-14 
List of Additional Debris Processing and Disposal Resources – Debris Clearance Resources 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Atkinson Construction Pacific Northwest Emergency: 
206-730-1828 

Contracting: 
Forrest Dill 

Heavy construction and material 
clearance 

Subcontractor management 

Available for 
Emergency and Pre-
Contract Debris 
Clearance 

425-255-7551 

Icon Materials King and Pierce 
Counties 

Contracting: 

206-574-3903 

Heavy construction and material 
clearance 

Subcontractor management 

30,000 tons a year 
Available for 
Emergency and Pre-
Contract Debris 
Clearance 

Scarsella Brothers Pacific Northwest Contracting: 
253-872-7173 

Emergency: 
206-817-0978 

Heavy construction and material 
clearance 

Subcontractor management 

Available for 
Emergency and Pre-
Contract Debris 
Clearance 

Tucci Pierce County Contracting: 

Dan Glover 

253-922-6676 

Heavy construction and material 
clearance 

Available for 
Emergency and Pre-
Contract Debris 
Clearance 

Emergency: 

Josh LeJeune 

253-922-6676 

253-377-0791 

Wilder Construction Company Pacific Northwest Emergency: 

866-551-6089 

Contracting: 

Heavy construction and material 
clearance 

Subcontractor management 

Available for 
Emergency and Pre-
Contract Debris 
Clearance 

Steve Harding 

425-551-3100 
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APPENDIX A – ADDITIONAL DEBRIS RESOURCES 

APPENDIX TABLE A-15 
List of Additional Debris Processing and Disposal Resources – Inert Waste Landfills 

Verified 

Name Address Phone Type 
Processing/Disposal 

Capacity 

Hampton Lumber Mills - WA, Inc. 46921 Sauk Prarie Rd 
Darrington, WA 98241 

 Woodwaste landfill 

Rinker Materials 19000 Yew Way 
Snohomish, WA 98290 

425-348-6396 Inert/Demolition Waste Facility 

Son Cedar Woodwaste Landfill 510 Clear Creek Road  Woodwaste landfill 
Darrington, WA 98241 

Wm. Dickson Waller Road Inert 2839 48th SE 253-922-3296 Inert Landfill 
Waste Landfill Tacoma, WA 

Wm. Dickson Tyler Street CDL 
Inert Waste Landfill 

4925 S. Tyler Street 
Tacoma, WA 

253-922-3296 Inert Landfill 

Woodworth & Company Inc. 2800 104th St Ct S 253-383-3585 Inert Landfill 
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APPENDIX B 

Online Resources 


Sources of Applicable Legislation 

Federal 
CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act, U.S. 
Environmental Protection Agency: 
http://www.epa.gov/superfund/policy/cercla.htm 

Clean Air Act, U.S. Environmental Protection Agency: 
http://www.epa.gov/air/caa/ 

Clean Water Act, U.S. Environmental Protection Agency: 
http://www.epa.gov/r5water/cwa.htm 

Coastal Zone Management Act, National Oceanic and Atmospheric Administration: 
http://coastalmanagement.noaa.gov/czm/czm_act.html 

Endangered Species Act, U.S. Fish and Wildlife Service: 
http://www.fws.gov/endangered/ 

ESF #3: Public Works and Engineering Annex, Federal Emergency Management Agency, 
Department of Homeland Security: www.fema.gov/pdf/emergency/nrf/nrf-esf-03.pdf. 

ESF #14: Long-Term Community Recovery and Mitigation Annex, Federal Emergency 
Management Agency, Department of Homeland Security: www.fema.gov/pdf/ 
emergency/nrf/nrf-esf-14.pdf. 

National Environmental Policy Act: 
http://www.nepa.gov/nepa/regs/nepa/nepaeqia.htm 

National Historic Preservation Act: 
http://www.achp.gov/nhpa.html 

RCRA (Resource Conservation and Recovery Act), U.S. Environmental Protection Agency: 
http://www.epa.gov/rcraonline/ 

Stafford Act, Public Law 93-288, FEMA: 
http://www.fema.gov/about/stafact.shtm 

State of Washington 
Clean Air Act, Puget Sound Clean Air Agency: 
http://www.pscleanair.org/regulated/businesses/regulations.aspx 

Clean Air Act, RCW 70.94: 
http://www.pscleanair.org/regulated/businesses/regulations.aspx 
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APPENDIX B – ONLINE RESOURCES 

Archaeological Sites and Resources, Department of Archaeology and Historic Preservation, 
RCW 27.53: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=27.53 
http://www.dahp.wa.gov/pages/EnvironmentalReview/Laws.htm 

Emergency Powers, RCW 43.06.210: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=43.06.210 

Endangered Species Act, RCW 77.12.020, Designation of Threatened and Endangered 
Species: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=77.12 

Endangered Species Act, RCW 77.85, Salmon Recovery: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=77.85 

Shoreline Management Act of 1971: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=90.58 

Solid Waste Management – Reduction and Recycling: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=70.95 

State Environmental Policy Act, RCW 43.21C: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=43.21c 

Water Pollution Control, RCW 90.48: 
http://apps.leg.wa.gov/RCW/default.aspx?cite=90.48 

Debris Management Resources 
California Integrated Waste Management Board - Integrated Disaster Waste Management 
Plan: Incorporating guidance on disaster debris management for local governments  
http://www.ciwmb.ca.gov/Disaster/DisasterPlan/default.htm 

FEMA 322 Public Assistance Guide – June 2007: 
http://www.fema.gov/government/grant/pa/pag07_t.shtm 

FEMA 325 Debris Management Guide – July 2007: 
http://www.fema.gov/government/grant/pa/demagde.shtm 

FEMA 329 – Debris Management Brochure: 
http://www.fema.gov/government/grant/pa/dmgbroch.shtm 

FEMA Debris Management Pilot Program: 
http://www.fema.gov/pdf/government/policy/pa_pilot_pg.pdf 

Miscellaneous Resources 
EMAC (Emergency Management Assistance Compact) – Through EMAC, a disaster-
impacted state can request and receive assistance from other member states quickly and 
efficiently, resolving two key issues upfront: liability and reimbursement. 
http://www.emacweb.org/ 
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APPENDIX B – ONLINE RESOURCES 

FEMA – Hazard Mitigation Planning home page provides guidance on a mitigation 
planning process; a complete list of approved local, state, and tribal FEMA-approved 
mitigation plans is available online. 
http://www.fema.gov/plan/mitplanning/index.shtm 

NIMS Training Requirements – available at FEMA Web site: 
http://www.fema.gov/emergency/nims/nims_compliance.shtm 

NIMS 5-Year Training Plan: 
http://www.fema.gov/library/file?type=publishedFile&file=fiveyear_nims_training_plan_ 
__2008_final.pdf&fileid=d22c87b0-e4a6-11dc-ae21-001185636a87 

NWWARN (Northwest Warning Alert and Response Network) – Web site: 
http://nwwarn.org/ 

RPIN (Regional Public Information Network) – Web site: 
http://www.rpin.org/rpinweb/ 

U.S. EPA – Search this EPA database to locate a Local Emergency Planning Committee 
(LEPC). An LEPC works to understand chemical hazards in the community, develop 
emergency plans in case of an accidental release, and look for ways to prevent chemical 
accidents.  
http://yosemite.epa.gov/oswer/LEPCDb.nsf/HomePage?openform 

Washington State Department of Labor and Industries – Debarred Contractors Web site: 
http://www.lni.wa.gov/TradesLicensing/PrevWage/AwardingAgencies/ 
DebarredContractors/ 

Washington Public Assistance Damage Assessment – For information on downloading 
Preliminary Damage Assessment (PDA) forms, click on the following link: 
http://www.emd.wa.gov/ 

Washington State University Agricultural Extension: 
http://ext.wsu.edu/locations/ 
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APPENDIX C 

Debris Mitigation Strategies 


This appendix identifies mitigation strategies that can be taken prior to a debris-causing 
incident to decrease the amount of debris that will be created. Selected construction and 
safety standards can be incorporated into building codes and regulations that address 
protecting buildings from potential hazards and generating debris. 

Building Codes 
A building code requires that a building or facility be located, designed, and constructed so 
that any threat to life, health, and welfare of its occupants and the public is minimized or 
prevented. Over and over again, the enforcement of effective building codes has had the 
greatest impact on the quality of construction and how structures will withstand the forces 
of nature. 

Structural Retrofitting 
Retrofitting consists of upgrading the safety of a building through structural and 
nonstructural mitigation techniques. The technique is used on existing structures to make 
them more resistant to seismic activity, ground motion, or soil failure due to earthquakes. 
Retrofit techniques have also been applied to areas subject to tornadoes, severe winds, and 
flooding. 

Examples of methods used for retrofitting are as follows: 

•	 Structural reinforcement of unreinforced masonry buildings 

•	 Raising structures located in a floodplain 

•	 Requiring anchors for external storage tanks such as propane, heating oil, and diesel 
tanks 

Zoning Regulations That Prevent Building in Floodplains 
Floodplain regulations are a mitigation technique used to protect human life and health, 
minimize damage to public and private property, reduce public expenditures for both flood 
control works and flood damage relief, maintain the stability of the tax base, and reduce 
surface and groundwater pollution. Communities may adopt more stringent standards than 
those set forth by FEMA. 

Elevating Structures in Floodplains 
The elevation of a building above the base flood elevation is the best onsite protection 
strategy. Buildings can be raised to allow water to run underneath, or fill material can be 
used to elevate a site. Elevating a structure on posts or pilings does not remove a building 
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from the Special Flood Hazard Area. If the ground around the supporting posts or pilings is 
in the floodplain, the building is still at risk. 

Relocating Structures in Floodplains 
Moving structures out of the floodplain are the surest and safest way to protect against 
damage. Relocation can be expensive, but this approach has been used in the Seattle UASI 
Region in the past. 

Tree and Vegetation Trimming 
Vegetation is the primary source of debris from severe wind storms. Recycling or disposing 
of this debris after an incident can be costly, and residential burning may have a negative 
effect on air quality. Jurisdictions are encouraged to identify and remove hazardous 
vegetation that can impact critical access routes, utilities, and other infrastructure during a 
severe wind storm. 

Special Waste Mitigation 
Special waste, including industrial waste, white goods, and household hazardous waste 
(HHW), all require special handling during debris processing, which greatly increases the 
cost of debris operations and may decrease the amount of debris that can be recycled. 

Household Hazardous Waste Roundups 
HHW is a major consideration during debris processing and cleanup operations. Events 
such as household hazardous waste roundups, if scheduled on a regular basis, can help to 
reduce the amount of HHW that has to be processed during a debris-causing incident. 

Securing Aboveground Tanks 
Aboveground storage tanks are often not secured or secured poorly and can be displaced 
during flood incidents, causing their contents to spill. Securing these tanks is an easy way to 
protect the environment during flood incidents. 
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APPENDIX D 

Operational Debris Management Plan Outline 


I. Introduction 

A. Mission 

B. Scope 

C. Purpose 

D. Alignment with Other Plans 

II. Situation and Assumptions 

A. Types of Hazards 

B. Debris Estimates 

1. Estimated Debris Types 

2. Estimated Debris Locations 

III. Current Resources 

A. Staff 

B. Equipment 

C. Technology 

D. Private Contracts 

1. List of Standby or Pre-Qualified Contractors 

E. Mutual Aid Agreements 

F. Interagency Agreements 

G. Landfills 

1. Locations 

2. Capacity 

3. Types of Debris Accepted 

H. Recycling/Composting Facilities 

1. Locations 

2. Types of Debris Accepted 
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APPENDIX D – OPERATIONL DEBRIS MANAGEMENT PLAN OUTLINE 

IV. Staff Roles and Responsibilities 

A. Staffing Organizational Chart 

B. Roles and Responsibilities 

1. Staffing Assignments and Duties 

2. Administration 

3. Contracting and Procurement 

4. Legal 

5. Operations 

6. Engineering 

C. Emergency Communications Strategy 

D. Health and Safety Strategy and Procedures 

E. Training Schedule 

V. Debris Collection Operations 

A. Debris Removal Priorities 

1.	 Transportation Routes 

a) Expected Conditions 

b) Priority Clearing Routes 

2. Critical Infrastructure 

3. Utility Corridors 

4. Major Arterial Routes 

5. Key Economic Routes 

6. Minor Arterials 

7. Residential/Rural Routes 

B. Recovery Operations 

1.	 Collection Methods 

a) Curbside 

b) TDSR Site or Drop Box 

C. Temporary Debris Sorting and Reduction Sites 

1. Site Management 
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APPENDIX D: DEBRIS MANAGEMENT PLAN OUTLINE 

a) Site Manager 

b) Monitoring Staff and Assignments 

c) Safety Personnel 

D. Establishment and Operations Planning 

1. Permits 

2.	 TDSR Site Locations 

a) Baseline Data for Each Location 

b) Ingress/Egress for Sites 

c) Individual Site Plans 

3. Site Preparation 

4.	 Volume Reduction Methods 

a) Incineration 

b) Grinding and Chipping 

5. Recycling 

6. Environmental Monitoring Program 

7. Site Closure 

VI. Contracted Services 

A. Emergency Contracting/Procurement Procedures 

B. Debris Operations to be Outsourced 

C. General Contract Provisions 

D. Qualification Requirements 

E. Solicitation of Contractors 

VII.Private Property Demolition and Debris Removal 

A. Condemnation Criteria and Procedures 

1. Legal Documentation 

2. Demolition Permitting 

3. Inspections 

B. Mobile Home Park Procedures 

C. Navigation Hazard Removal Procedures 
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APPENDIX D – OPERATIONL DEBRIS MANAGEMENT PLAN OUTLINE 

VIII. Public Information Strategy 

A. Public Information Officer 

B. Pre-scripted Information 

C. Distribution Strategy 

D. Message Maps 

IX. Appendix A: Maps 

A. Lifeline Maps 

B. Critical Infrastructure 

C. Temporary Debris Sorting and Reduction Sites 

D. Staging Areas 

E. Landfills and Recycling Facilities 

X. Appendix B: Decision Trees 

A. TDSR Site Activation 

B. Structure Removal 

XI. Appendix C: Contact List 

A. Employees 

B. Contractors 

C. State Contacts 

D. Federal Contacts 

XII. Appendix D: Sample Forms 

A. Notice to Public 

B. Intergovernmental Emergency Mutual Aid Agreement 

C. Time and Materials Contract 

D. Lump Sum Contract 

E. Unit Price Contract 

F. Right-of-Entry Agreement 

G. Hold Harmless 

H. Insurance Coverage 

I. Debris Load Slips 

J. Load Checking Form 
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APPENDIX E 

Temporary Debris Sorting and Reduction Site 
Planning 

Temporary debris sorting and reduction (TDSR) sites are used to temporarily store, sort, 
recycle, and reduce disaster debris. TDSR sites help control the operational, environmental, 
and public health cost and impact of processing debris by consolidating operations to pre-
identified locations. 

Site Selection 
The location of possible TDSR sites should be identified prior to an event so appropriate 
steps can be taken to asses and inventory the site and ensure all relevant regulatory issues 
are addressed. Planning staff should consider public lands first to avoid costly land leases. 
Existing disposal or recycling facilities close to the disaster area are ideal TDSR sites. Nearby 
landfill and recycling center capacities need to be evaluated for site feasibility. City- or 
county-owned sites that will not require extensive repair costs, such as parks, vacant lots, or 
sports fields, should be considered as well. State-to-state or county-to-county agreements 
may provide solutions for public land use; however, if these are not available, planning staff 
should develop criteria for identifying potential private property locations for the TDSR 
sites. Private land easements should be reviewed by the legal staff to avoid extensive 
damage claims upon site closeout. Additional selection considerations for TDSR sites 
include the following: 

•	 Location that is close to the sources of disaster debris 

•	 Identify reuse and recycling possibilities, such as timber agreements, mulch and chip 
disposal in the agriculture community and fuel sources for incinerators or heating. 
Recycling success will depend on the types of debris and the local recycling 
environment. 

•	 Hard preferably non-porous surface such as a paved parking lot 

•	 Large enough to accommodate a storage area, a sorting area, and volume reduction 
operation area 

•	 Accessible by main transportation routes with good ingress/egress to accommodate 
heavy truck traffic 

•	 Outside of environmentally sensitive areas, such as wetlands or well-fields 
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APPENDIX E – TEMPORARY DEBRIS STORAGE AND REDUCTION SITE PLANNING 

Inventory of Possible TDSR Sites  
Once possible TDSR sites have been identified, jurisdictions should conduct a thorough 
assessment of each site and develop plans to be implemented if the site is used during 
debris operations. Detailed information should be collected for each site, including: 

•	 Exact location 
•	 Size 
•	 Available ingress and egress routes 
•	 TDSR site plan 
•	 Permits as outlined below 
•	 Results of a baseline environmental assessment and initial data samples 

Other things to consider during the site selection are the following: 

•	 Identify nearby landfills and determine their present debris capacity and logistical 
capabilities. Also include any state-to-state or county-to-county agreements. 

•	 Consider adjusting traffic signals to accommodate projected truck traffic on critical haul 
routes. 

•	 Review local, tribal, and state ordinances covering such items as tarps and tailgates on 
trucks, traffic control, truck priority, curfew, defining roadway rights-of-way, and load 
limits. Coordinate with responsible agencies to develop waiver procedures if necessary 
to expedite emergency operations. 

•	 Clearly show critical routes and priorities for clearing debris on local maps. Target 
emergency routes for local, tribal, state, or federal clearance efforts. Geographic 
information system (GIS) mapping should be used as a tool, if available. 

Jurisdictions should review these lists of TDSR sites annually and update them, as 
necessary, as part of their routine plan maintenance. 

Environmental Baseline Study 
Land used as a TDSR site should be returned to its original condition following site 
closeout. Baseline data are essential to document the condition of the land before it was used 
as a debris storage and reduction site. As soon as a site is selected, the designated debris 
manager and staff should work closely with local, tribal, and state officials to develop 
baseline data. The following actions should be taken to develop baseline data on all selected 
sites: 

•	 Videotape and photograph the site 
•	 Document physical features 
•	 Sample soil and water 
•	 Sketch the site operation layout 
•	 Document quality assurance issues 
•	 Plan environmental remediation 
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In addition to the above actions, jurisdictions should work with local public health and 
environmental protection authorities to ensure all applicable permits are secured for each 
site. 

Clearance by Local Health Department/District 
Sites shall be selected, managed and monitored in cooperation with and in accordance with 
the jurisdiction’s local health agency and following all applicable requirements in order to 
prevent threats to the environment or public health. In addition the local health agency 
should be notified as part of TDSR site activation. 

Applicable National Environmental Policy Act (NEPA)/State Environmental Policy 
Act (SEPA) Guidelines  
Because the establishment of TDSR sites is considered a recovery activity all applicable 
environmental and public health laws and regulations should be followed during the siting, 
operation, and closeout of TDSR sites. 

Section 106 of the National Historic Preservation Act (NHPA) requires federal agencies to 
consider the effects of their proposals on historic properties, and to provide state historic 
preservation officers, tribal historic preservation officers, and, as necessary, the Advisory 
Council on Historic Preservation, with a reasonable opportunity to review and comment on 
these actions. Section 106 review and NEPA are two separate, distinct processes. Chapter 3 
of this plan provides a more detailed discussion of legislative considerations prior to 
establishing TDSR site operations. 

Permits 
Environmental permits and land use variances may be required to establish a temporary 
TDSR site. Several agencies may be involved in issuing permits and granting land use 
approvals. The planning process should identify which permits would be required to 
establish a facility. A listing of the permits should be part of the debris management plan 
and may include the following, depending on local regulations: 

• Temporary land use permits 
• Land use variances 
• Traffic circulation strategies 
• Puget Sound Clean Air Agency air quality permits 
• Water quality permits 
• National Pollution Discharge Elimination System (NPDES) permits 
• Household hazardous waste permits 
• Fire department permits 
• Solid waste handling permit 

TDSR Site Design 
Information gathered during the baseline data collection becomes important to the design of 
the site. Additional concerns, such as site operations and closure criteria, need to be 
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considered when the site is designed. Many of these issues can be addressed during 
planning, but will be implemented after the debris-generating event occurs. 

Site Layout 
The efficiency and the overall success of the TDSR site operations are determined by howtermined by how 
the site isthe site is designed. Significantdesigned. Significant accumulation of debris shouldaccumulation of debris should not be allowed to occur atnot be allowed to occur at 
temporary storage sitestemporary storage sites because of environmentabecause of environmental and sl and saafetfety concerns, such as they concerns, such as the risk ofrisk of 
fire. Moreover, permits for such sites mafire. Moreover, permits for such sites may imposy imposee maximum capacity restrictions.maximum capacity restrictions. 
AdditionalAdditional debris manadebris managementgement sitessites may be nemay be necceessary if actual debrisssary if actual debris quantities flowingquantities flowing 
into the siteinto the site are greater tare greater than than thhe sie site storagete storage andand processingprocessing capacity.capacity. 

Site PreparationSite Preparation 
Develop a Memorandum of Understanding,Develop a Memorandum of Understanding, aa Memorandum of Agreement, or leaMemorandum of Agreement, or leasse/usee/use 
agreement if required. Establish lined temporaragreement if required. Establish lined temporary storage arey storage areaas for materis for materials (includinals (including ash,g ash, 
household hhousehold hazardous wazardous waaste, fuels,ste, fuels, aannd othed other mar materials) thatterials) that can contamican contaminate soils,nate soils, 
groundwater, and surface water. Setgroundwater, and surface water. Set up plasup plastic liners, whetic liners, whenn possible, unpossible, under stationader stationaryry 
eqequipment suipment suuch as generch as generaators and mtors and moobile lighbile lighting plants. Thiting plants. Thiss should be included as ashould be included as a 
requirement in the scope of work if Trequirement in the scope of work if TDDSR siSR site preparation will be contracted out. Thete preparation will be contracted out. The 
topography and soil/substrate conditions shouldtopography and soil/substrate conditions should be evaluated to deterbe evaluated to determmine the best siteine the best site 

Example of a TDSR site layout. 
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layout. When planning site preparation, the designer should consider ways to make site 
closure and restoration easier. Upon site closeout, the uncontaminated soil can be re-spread 
to preserve the integrity of the tillable soils. Operations that modify the landscape, such as 
substrate compaction and over-excavation of soils when loading debris for final disposal, 
adversely affect landscape restoration. Identify who would be responsible for updating the 
initial baseline data and develop an operation layout to include ingress and egress routes. 

Operational Boundaries 
Operational boundaries are the boundaries or areas that clearly define the different use 
areas on the TDSR site. In establishing the operational boundaries, the TDSR site design staff 
may consider using earthen berms, temporary barriers, or other physical restrictions. This 
aids traffic circulation and keeps the backlog of debris to a minimum. 

Common operational areas include the following: 

•	 Reduction 

•	 Recycling 

•	 Tipping areas (unloading) 

•	 Loading areas for processed debris to go to its final disposition 

•	 Drop-off centers for the public (this may include vegetative, recycling, or construction 
and demolition debris) 

•	 Household hazardous waste storage 

•	 Monitoring tower and/or scales locations at both the ingress and egress points 

•	 Equipment, fuel, and water storage 

Separation of the areas listed above should be clearly delineated and defined. Maximum 
separation helps to reduce conflicts in use. As operations proceed, these areas may change 
as the type of debris changes. The reduction, recycling, tipping, and loading areas need 
ample room for large equipment operations. The design should consider the possibility of 
multiple pieces of equipment engaging in the same activity at one time. Depending on the 
scale of operations, each debris stream may have its own tipping area and should be 
designed accordingly. 

General public drop-off areas for recycling, reduction, and construction and demolition 
debris may be included within a TDSR site. These public use areas should be carefully 
designed for passenger vehicle traffic and public safety. Account for all weight or volume of 
materials received from public drop-off to ensure accurate and complete records for all 
debris received to the site by source. 

Household hazardous waste storage should be located in a safe location close to the public 
drop-off center, yet restricted, so that qualified personnel can process the waste 
appropriately. The design staff may consider constructing an impermeable lining and 
earthen berms to contain spills and prevent surface water runoff from leaving the area. 
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Monitoring towers should be located at ingress and egress points. Monitoring towers 
should be constructed of durable structural materials. The structures should be designed to 
withstand active and static loads. A stepladder is not an acceptable monitoring tower.  

Equipment and fuel should have a designated storage area and signs posted appropriately. 
The fuel storage areas need to be designed to contain spills. Water should be readily 
available throughout the site at all times for dust and fire suppression and identified 
appropriately. 

Site Operation 
Site preparation and operation may be managed by the jurisdiction or a contractor. To meet 
overall debris management strategy goals and to ensure that the site operates efficiently, site 
management should be under the direction of the local jurisdiction. In either situation, a site 
manager, debris monitors, and safety personnel are needed to ensure safe and efficient 
operations. 

Site Manager 
The site manager is responsible for supervising day-to-day operations, maintaining daily 
logs, preparing site progress reports, and enforcing safety and permitting requirements 
during site operations. The site manager is also responsible for scheduling the 
environmental monitoring and updating the site layout. The site manager has oversight of 
the activities of the debris removal contractors and the onsite debris processing contractors 
to ensure that they comply with the terms of their contracts. 

Environmental Monitoring Program 
Additional data should be collected continuously during site operations in support of site 
closeout and for quality assurance reasons. The data can be compared to the previously 
established information in order to determine any remediation that may be necessary. 

TDSR site operations may grow, shrink, or shift on the site. It is important to track 
reduction, hazardous waste collection, fuel, and equipment storage in order to sample soil 
and water for contaminants. Periodically map or sketch activity locations so that areas of 
concern can be pinpointed later for additional sampling and testing. 

If the site is also an equipment staging area, monitor fueling and equipment repair to 
prevent and mitigate spills (e.g., petroleum products and hydraulic fluids). Include clauses 
in the contract scope of work to require immediate cleanup by the contractor. 

Traffic Patterns 
Traffic circulation should be well defined throughout the entire TSDR site. Although traffic 
signs and barricades aid in directing traffic, the planning staff may also consider flag 
personnel to help direct traffic. Drivers unfamiliar with the new environments, routes, and 
rules will need assistance to safely navigate through the site. 

Optimally, the designed traffic pattern should allow trucks to enter and exit through 
different access points, as long as each is monitored. Haulers are typically paid by the 
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volume or weight of a load. The load is evaluated when entering the site as a percentage of 
the full capacity of the truck. Stationing monitors at ingress and egress points ensures that 
every truck releases the entire load prior to leaving the site. This prevents debris left in a 
truck from a previous load from being counted again in a subsequent load. The empty 
trucks that enter the site to remove the processed (reduced) debris should enter and exit 
through an access point other than that of all other traffic. This reduces the site management 
and debris monitor confusion regarding debris being deposited or leaving the site. 

Debris Monitors 
Regional monitors (whether jurisdiction employees or contractors) should be placed at 
ingress and egress points to quantify debris loads, issue load tickets, inspect and validate 
truck capacities, check loads for hazardous waste, and perform quality control checks. The 
specific duties of the monitors would depend on how debris is collected. 

Safety Personnel 
Safety personnel are responsible for traffic control and ensuring that site operations comply 
with local, state, and federal occupational safety regulations. 

Neighborhood Consideration 
Be aware of and mitigate things that will irritate the neighbors such as: 

• Smoke - proper construction and operation of incineration equipment. 

• Dust - employ water trucks. 

• Noise - construct perimeter beams. 

• Traffic - proper layout of ingress and egress procedures to help traffic flow. 

Document Quality Assurance Issues 
During the operation of TDSR sites, document any operations that will have a bearing on 
site closeout, such as petroleum spills at fueling sites; hydraulic fluid spills at equipment 
breakdowns; discovery of household hazardous waste; and commercial, agricultural, or 
industrial hazardous and toxic waste storage and disposal. This information will be used 
during site closeout operations. 

Site Closeout 
After the site operations are complete, the property (either jurisdiction-owned or leased) 
must be restored to its pre-activity environmental state. Restoration of a site involves 
removing all traces of the operations and possible remediation of any contamination that 
may have taken place during the operations. Debris, processing equipment, storage tanks, 
protection berms, and other structures built on the site should be removed from the site 
upon completion of all debris removal and processing operations. 
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APPENDIX E – TEMPORARY DEBRIS STORAGE AND REDUCTION SITE PLANNING 

Site Evaluation and Restoration 

Final restoration of the landscape must be acceptable to the landowner, but within 
reasonable expectations. Therefore, plan the landscape restoration as early as possible, 
preferably incorporating provisions within the lease. 

The final environmental site evaluation is an extension of the environmental monitoring 
program. Testing similar to the testing done for the baseline study should be conducted to 
confirm that the site has been returned to its pre-activity state. Test samples should be taken 
at the same locations as those of the initial assessment and monitoring program. However, if 
warranted, additional test samples may be needed at other locations on or adjacent to the 
site. 

Based on the results of the testing, additional remediation may be required before the owner 
takes final acceptance of the site. The lease agreement should have provisions to release the 
jurisdiction from future damages when the site is returned in its original condition or final 
acceptance is received from the owner. 
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APPENDIX F – SAMPLE FORMS FOR DEBRIS TRACKING 

EXAMPLE OF DAILY OPERATIONAL REPORT 


CONTRACT NO. ___________________________ 


DAILY REPORT 

CONTRACTOR: 

CONTRACT NO: 

DATE OF REPORT: 

Truck No. Location of 
Work 

Landfill 
Trips 

Tonnage Totals Local Collection 
Site Trips 

Tonnage 
Totals 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

DAILY 
TOTALS 
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APPENDIX F – SAMPLE FORMS FOR DEBRIS TRACKING 

EXAMPLE OF DAILY OPERATIONAL REPORT 


CONTRACT NO. _________________
 

Date 
Load 
Ticket # 

Landfill 
Ticket # Time Truck # 

Truck 
Weight 

Actual 
Weight 
Minus 
Truck 
Weight  

Eligible 
(Y/N) Comments 
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APPENDIX F – SAMPLE FORMS FOR DEBRIS TRACKING 

LOAD TICKET SAMPLE 


LOAD TICKET 

TICKET NUMBER: 

CONTRACT NUMBER 

CONTRACTOR 

DATE: 

DEBRIS QUANTITY 

Truck No: Truck Weight (ton): 

Load Size (Tons): 

Truck Driver: 

DEBRIS CLASSIFICATION 

Burnable 

Non-Burnable 

Mixed 

Other 

LOCATION 

Section/Area: Dumpsite 

Time Inspector 

Loading 

Dumping 

Eligibility 
(Y/N): 

Original:  City/County/State 

Yellow: Contractor 

Pink:   Driver 

Gold:    FEMA 
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APPENDIX F – SAMPLE FORMS FOR DEBRIS TRACKING 

SAMPLE TRUCK PLACARD 


Company Name 


Truck Number 


Truck Weight 


Weighed by and Date 
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APPENDIX G – EXAMPLE OF TIME AND MATERIALS CONTRACT FOR DEBRIS REMOVAL 

EXAMPLE OF TIME AND MATERIALS CONTRACT  

FOR DEBRIS REMOVAL 


ARTICLE 1. 

AGREEMENT BETWEEN PARTIES 

This contract is made and entered into on this the ____ day of ________________, 20___, by 
and between the jurisdiction of_____________________, hereinafter called the ENTITY, and 
_____________________________________, hereinafter called the CONTRACTOR. 

ARTICLE 2. 

SCOPE OF WORK 

This contract is issued pursuant to the Solicitation and Procurement on ___________________ for 
the removal of debris caused by the sudden natural or human-made disaster of 
____________________________ to _______________________________. It is the intent of 
this contract to provide equipment and staff to remove all hazards to life and property in the 
affected communities. Cleanup, demolition, and removal will be limited to 1) that which is 
determined to be in the interest of public safety and 2) that which is considered essential to the 
economic recovery of the affected area. 

The Work shall consist of the provision of equipment and labor to cleanup and remove debris as 
directed by the ENTITY. 

ARTICLE 3. 

SCHEDULE OF WORK 

Time is of the essence for this debris removal contract. 

Notice to proceed with the Work: The Work under this contract will commence on 
___________________. The equipment shall be used for one hundred (100) hours, unless the 
ENTITY initiates additions or deletions by written change order. Based upon unit prices of 
equipment and labor, no minimum or maximum number of hours is guaranteed. 

ARTICLE 4. 

CONTRACT PRICE 

The hourly rates for performing the work stipulated in the contract documents, which have been 
transposed from the low bidder’s bid schedule, are as follows: 

Equipment/Machine/Operator 
Mobilization 

Cost 
Hourly Rate 

Demob. Cost Manufacturer, 
Model 

Total unit rate shall be given which includes maintenance. fuel, overhead, profit, and any other 
costs associated with the equipment. 

Estimated Cost per unit of material. Only actual invoice amounts will be paid. 

Labor Man-hours includes protective clothing, fringe benefits, hand tools, supervision, 
transportation, and any other costs. 
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APPENDIX G – EXAMPLE OF TIME AND MATERIALS CONTRACT FOR DEBRIS REMOVAL 

ARTICLE 5. 

PAYMENT 

The ENTITY shall pay the CONTRACTOR for mobilization and demobilization if the Notice to 
Proceed is issued and will pay for only the Time that the equipment and manpower is actually 
being used in accomplishing the work. The CONTRACTOR shall be paid within thirty (30) days of 
the receipt of a pay estimate and verification of Work by the inspector. 

ARTICLE 6. 

CLAIMS 

Not Applicable. 

ARTICLE 7. 

CONTRACTOR’S OBLIGATIONS 

The CONTRACTOR shall supervise accomplishment of the Work effort directed by labor and proper 
equipment for all tasks. Safety of the CONTRACTOR’s personnel and equipment is the 
responsibility of the CONTRACTOR. Additionally. the CONTRACTOR shall pay for all materials, 
personnel, taxes, and fees necessary to perform under the terms of the contract. 

Caution and care must be exercised by the CONTRACTOR not to cause any additional damage to 
sidewalks, roads, buildings, and other permanent fixtures. 

ARTICLE 8. 

ENTITY’S OBLIGATIONS 

The ENTITY’s representative(s) shall furnish all information necessary for commencement of the 
Work and direct the Work effort. Costs of construction permits, disposal sites, and authority 
approvals will be borne by the ENTITY. A representative will be designated by the ENTITY for 
inspecting the work and answering onsite questions. This representative shall furnish the 
CONTRACTOR with daily inspection reports, including Work accomplished and certification of hours 
worked. 

The ENTITY shall designate the public and private property areas where the Work is to be 
performed. Copies of complete “Right of Entry” forms, where they are required by State or local 
law for private property, shall be furnished to the CONTRACTOR by the ENTITY. The ENTITY shall 
hold harmless and indemnify the CONTRACTOR and his employees against any liability for any and 
all claims, suits, judgments, and awards alleged to have been caused by services rendered under 
this contract for disaster relief work unless such claims are the result of negligence on the part of 
the CONTRACTOR. 

The ENTITY will terminate the contract for failure to perform or default by the CONTRACTOR. 

ARTICLE 9. 

INSURANCE AND BONDS 

The CONTRACTOR shall furnish proof of Worker’s Compensation Coverage, Automobile Liability 
Coverage, and Comprehensive General Liability Insurance (Premises-Operations. Personal Injury, 
etc.) as deemed necessary by the ENTITY. 

Surety: The CONTRACTOR shall deliver to the ENTITY fully executed Performance and Payment 
Bonds in the amount of 100% of the contract amount, if required by the specifications, general or 
special conditions of the contract. The ENTITY will reimburse the CONTRACTOR for the costs of the 
bonds, the costs of which will be included in the base bid. 
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APPENDIX G – EXAMPLE OF TIME AND MATERIALS CONTRACT FOR DEBRIS REMOVAL 

ARTICLE 10. 


CONTRACTOR QUALIFICATIONS 


The CONTRACTOR must be duly licensed in the State per statutory requirements. 

THIS CONTRACT IS DULY SIGNED BY ALL PARTIES HERETO: 

ENTITY (City, County, Town, Etc.) 

__________________________________________________________ Seal CONTRACTOR 
(Include Address, City, State) 

by_________________________________________________ 

the Principal of the Firm 

Disaster Debris Management Plan 
May 2008 

G-3 



 



APPENDIX H 

Example of Unit Price Contract for Debris 
Removal 



 



 

 

 

 

  

 

 

 

   
  

 

  
 

 

 

 

 

 

 

 
 
 

     

     

   

   

    

 

 
 

APPENDIX H – EXAMPLE OF UNIT PRICE CONTRACT FOR DEBRIS REMOVAL  

EXAMPLE OF UNIT PRICE CONTRACT 

 FOR DEBRIS REMOVAL 


ARTICLE 1. 

AGREEMENT BETWEEN PARTIES 

This contract is made and entered into on this the ____ day of______________, 20___, by and 
between the jurisdiction of __________________________________________, hereinafter called 
the ENTITY, and _________________________________, hereinafter called the CONTRACTOR. 

ARTICLE 2. 

SCOPE OF WORK 

This contract is issued pursuant to the Solicitation and Procurement on ____________________, 
for the removal of debris caused by the sudden natural or human-made disaster of 
__________________________ to _____________________________. It is the intent of this 
contract to provide equipment and personnel to remove all hazards to life and property in the 
affected communities. Cleanup, demolition, and removal will be limited to 1) that which is 
determined to be in the interest of public safety, and 2) that which is considered essential to the 
economic recovery of the affected area. 

The Work shall consist of cleanup or demolition and removal as outlined in the specifications, on 
drawings, and on block sector maps attached to the invitation for bid number ________. 

ARTICLE 3. 

SCHEDULE OF WORK 

Time is of the essence for this debris removal contract. 

Notice to proceed with the Work: The Work under this contract will commence on 
____________________, 20__. Maximum allowable time for completion will be ______ calendar 
days, unless the ENTITY initiates additions or deletions by written change order. Subsequent 
changes in cost and completion time will be equitably negotiated by both parties pursuant to 
applicable State law. Liquidated damages shall be assessed at $________/calendar day for any 
days over the approved contract amount. 

ARTICLE 4. 

CONTRACT PRICE 

The unit prices for performing the Work stipulated in the contract documents, which have been 
transposed from the low bidder’s bid schedule, are as follows: 

Unit of Unit 

Quantity Measure Description Cost Total 


Subtotal  $ 

Cost of Bonds $ 

Grand Total $ 

Debris shall be classified as one of the following units: cubic yards, each, square foot, Lineal foot, 
gallon, or an approved unit measure applicable to the specific material to be removed. 
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APPENDIX H – EXAMPLE OF UNIT PRICE CONTRACT FOR DEBRIS REMOVAL  

ARTICLE 5. 

PAYMENT 

The CONTRACTOR shall submit certified pay requests for completed Work. The ENTITY shall have 
ten (10) calendar days to approve or disapprove the pay request. The ENTITY shall pay the 
CONTRACTOR for his performance under the contract within twenty (20) days of approval of the 
pay estimate. On contracts over thirty (30) days in duration, the ENTITY shall pay the 
CONTRACTOR a pro-rata percentage of the contract amount on a monthly basis, based on the 
amount of work completed and approved in that month. The ENTITY will remunerate the 
CONTRACTOR within thirty (30) days of the approved application for payment, after which interest 
will be added at a rate of ______ per annum. Payments shall be subject to a retainage of _______ 
on each payment. Retainage shall be released upon substantial completion of the Work. 

Funding for this contract is authorized pursuant to Public Law of the State of ________ 
___________ _________________________________ (local statute or ordinance). 

ARTICLE 6. 

CLAIMS 

If the CONTRACTOR wishes to make a claim for additional compensation for work or materials not 
clearly covered in the contract, or not ordered by the ENTITY as a modification to the contract, 
CONTRACTOR shall notify the ENTITY in writing. The CONTRACTOR and the ENTITY will negotiate 
the amount of adjustment promptly; however, if no agreement is reached, a binding settlement 
will be determined by a third party acceptable to both ENTITY and CONTRACTOR under the 
auspices of applicable State law. 

ARTICLE 7. 

CONTRACTOR’S OBLIGATIONS 

The CONTRACTOR shall supervise and direct the Work, using skillful labor and proper equipment 
for all tasks. Safety of the CONTRACTOR’s personnel and equipment is the responsibility of the 
CONTRACTOR. Additionally, the CONTRACTOR shall pay for all materials, equipment, personnel, 
taxes, and fees necessary to perform under the terms of the contract. 

Any unusual, concealed, or changed conditions are to be immediately reported to the ENTITY. The 
CONTRACTOR shall be responsible for the protection of existing utilities, sidewalks, roads, 
buildings, and other permanent fixtures. Any unnecessary damage will be repaired at the 
CONTRACTORs expense. 

ARTICLE 8. 

ENTITY’S OBLIGATIONS 

The ENTITY’s representative(s) shall furnish all information, documents, and utility locations 
necessary for commencement of Work. Costs of construction permits and authority approvals will 
be borne by the ENTITY. A representative will be designated by the ENTITY for inspecting the work 
and answering and onsite questions. 

The ENTITY shall designate the public and private property areas where the disaster mitigation 
Work is to be performed. Copies of complete “Right of Entry” forms, where they are required by 
State or local law for private property, shall be furnished to the CONTRACTOR by the ENTITY. The 
ENTITY shall hold harmless and indemnify the CONTRACTOR judgments and awards alleged to 
have been caused by services rendered under this contract for disaster relief work unless such 
claims are caused by the gross negligence of the CONTRACTOR, his subcontractors, or his 
employees. 

The ENTITY will terminate the contract for failure to perform as specified. or for default by the 
CONTRACTOR. 
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APPENDIX H – EXAMPLE OF UNIT PRICE CONTRACT FOR DEBRIS REMOVAL 

ARTICLE 9. 

INSURANCE AND BONDS 

The CONTRACTOR shall furnish proof of Worker’s Compensation Coverage, Automobile Liability 
Coverage, and Comprehensive General Liability Insurance (Premises-Operations, Personal Injury, 
etc., as deemed necessary by the ENTITY). 

Surety: The CONTRACTOR shall deliver to the ENTITY fully executed Performance and Payment 
Bonds in the amount of one hundred percent (100%) of the contract amount, if required by the 
specifications. or general or special conditions of the contract. The ENTITY will reimburse the 
CONTRACTOR for the costs of the bonds, the costs of which will be included in the base bid. 

THIS CONTRACT IS DULY SIGNED BY ALL PARTIES HERETO: 

ENTITY (City, County, Town, Etc.) 

__________________________________________________________ Seal CONTRACTOR 
(Include Address, City, State) 

by_________________________________________________ 

the Principal of the Firm 
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APPENDIX I – EXAMPLE OF LUMP SUM CONTRACT FOR DEBRIS REMOVAL  

EXAMPLE OF LUMP SUM CONTRACT 

 FOR DEBRIS REMOVAL 


A lump sum contract establishes a total price using a one item bid from a CONTRACTOR. It should 
be used only when a scope of work is clearly defined, with areas of work and quantities of material 
clearly identified. Lump sum contracts can be defined in one of two ways: 

•	 Area Method, where the scope of work is based on a one time clearance of a specified area, or 

•	 Pass Method, where the scope of work is based on a certain number of passes through a 
specified area, such as a given distance along a right of way. 

ARTICLE 1. 

AGREEMENT BETWEEN PARTIES 

This contract is made and entered into on this the ____ day of__________, 20__, by and between 
the city/county of ________________________________________________, hereinafter called 
the ENTITY, and _________________________________, hereinafter called the CONTRACTOR. 

ARTICLE 2. 

SCOPE OF WORK 

This contract is issued pursuant to the Solicitation and Procurement on ____________________. 
for the removal of debris caused by the sudden natural or human-made disaster of 
______________________________to _________________________________. It is the intent 
of this contract to provide equipment and resources to remove all hazards to life and property in 
the affected communities. Cleanup, demolition, and removal will be limited to 1) that which is 
determined to be in the interest of public safety and 2) that which is considered essential to the 
economic recovery of the affected area. 

The Work shall consist of cleanup or demolition and removal as outlined in the specifications on 
drawings and on block sector maps attached to the invitation for bid number _______. 

ARTICLE 3. 

SCHEDULE OF WORK 

Time is of the essence for this debris removal contract.  

Notice to proceed with the Work: The Work under this contract will commence on 
____________________, 20___. Maximum allowable time for completion will be _____ calendar 
days, unless the ENTITY initiates additions or deletions by written change order. If the 
CONTRACTOR does not complete the work within the allotted time, liquidated damages will be 
assessed in the amount of _____________ per day. 

ARTICLE 4. 

CONTRACT PRICE 

The lump sum price for performing the Work stipulated in the contract documents is 
. 

ARTICLE 5. 

PAYMENT 

The CONTRACTOR shall submit certified pay requests for completed work. The ENTITY shall have 
ten (10) calendar days to approve or disapprove the pay request. The ENTITY shall pay the 
CONTRACTOR for his performance under the contract within twenty (20) days of approval of the 
pay estimate. On contracts over 30 days in duration, the ENTITY shall pay the CONTRACTOR a 
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APPENDIX I – EXAMPLE OF LUMP SUM CONTRACT FOR DEBRIS REMOVAL  

pro-rata percentage of the contract amount on a monthly basis, based on the amount of work 
completed and approved in that month. The ENTITY will remunerate the CONTRACTOR within 
thirty (30) days of the approved application for payment, after which interest will be added at a 
rate of _____ per annum. Payments shall be subject to a retainer of_______ on each payment. 
Retainer shall be released upon substantial completion of the work.  

Funding for this contract is authorized pursuant to Public Law of the State of Washington and 
_________________________________ (local statute or ordinance). 

ARTICLE 6. 

CHANGE ORDERS 

If the scope of work is changed by the ENTITY, the change in price and contract time will be 
promptly negotiated by the parties, prior to commencement of work. 

ARTICLE 7. 

CONTRACTOR’S OBLIGATIONS  

The CONTRACTOR shall supervise and direct the Work, using skillful labor and proper equipment 
for all tasks. Safety of the CONTRACTOR’s personnel and equipment is the responsibility of the 
CONTRACTOR. Additionally, the CONTRACTOR shall pay for all materials, equipment, personnel, 
taxes, and fees necessary to perform under the terms of the contract.  

Any unusual, concealed, or changed conditions are to be immediately reported to the ENTITY. The 
CONTRACTOR shall be responsible for the protection of existing utilities, sidewalks, roads, 
buildings, and other permanent fixtures. Any unnecessary damage will be repaired at the 
CONTRACTOR’s expense. 

ARTICLE 8. 

ENTITY’S OBLIGATIONS  

The ENTITY’s representative(s) shall furnish all information, documents, and utility locations 
necessary for commencement of Work. Costs of construction permits and authority approvals will 
be borne by the ENTITY. A representative will be designated by the ENTITY for inspecting the work 
and answering on-site questions. 

THIS CONTRACT IS DULY SIGNED BY ALL PARTIES HERETO:  

ENTITY (City, County, Town, Etc.)  

__________________________________________________________ Seal CONTRACTOR 
(Include Address, City, State) 

by_________________________________________________  

the Principal of the Firm  
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APPENDIX J – EXAMPLE OF RIGHT-OF-ENTRY PERMI 

EXAMPLE OF RIGHT–OF–ENTRY PERMIT 

(For providing Debris Removal and Clean-up on Private Property) 

___________________________________(“Owner”), hereby permits the Jurisdiction of 
_____________________, its officers, employees, agents, contractors and subcontractors 
(“Jurisdiction”), to enter upon Owner’s property commonly identified as _____________ 
_________________________________________________, City of ___________________, 
State of ______________________ (“Premises”) upon the following terms and conditions: 

1. Grant of Right-of-Entry. Owner hereby grants Jurisdiction a right-of-entry 
(“Permit”) onto, over, in, and under the Premises for the purpose of inspecting the Premises, 
testing materials on the Premises, removing and clearing any or all incident-generated debris 
of whatever nature including but not limited to ash, foundations, vehicles, appliances, waste or 
other materials from the Premises, subject to the terms and conditions set forth in this Permit. 
It is fully understood that this Permit does not create any obligation on the part of Jurisdiction 
to perform inspection, testing or debris removal and clearance. Owner understands that the 
Jurisdiction will undertake no inspection, testing, or debris removal and clearance action until 
this Right-of-Entry Permit is completed in full, signed by Owner, and returned to the 
Jurisdiction.  

2. Private Insurance Coverage. Most homeowner insurance policies include 
coverage to pay for the costs of removal of incident-generated debris. Owner agrees to 
cooperate with the Jurisdiction throughout the insurance claims process as set forth below: 

(a) Insurance Policy Information. Check one: The Premises (_____were, ___were 
not) insured at the time of the incident.  

If the Premises were insured, all of the information listed below must be provided. If 
the Premises were insured by more than one policy, the information listed below must 
be provided for each policy. Attach additional sheets if necessary: 

Policy holder(s):
 
Insurance company name:  

Insurance policy number: 

Insurance company address for claims:
 
Agent's name and address:  

Agent's phone number:  

Has the insurer been notified of this loss? ________(yes or no)  

If so, when was notice provided?  

How and where was notice provided?  


(b) Owner agrees to provide to Jurisdiction a complete copy of this policy as soon as 
possible. 

(c) Owner agrees to provide to Jurisdiction a copy of any claim or loss statement 
tendered to insurer when that statement is provided to the insurer.  

(d) Owner agrees to provide to Jurisdiction a copy of any settlement statement or 
agreement within five days after that statement or agreement is received from 
insurer.  

(e) Owner agrees not to enter into any confidentiality agreement with insurer that 
would impede the ability of Owner to provide the information set about above. 

(f) Owner agrees that Jurisdiction may request copies of any insurance policy, claim or 
loss statement, or settlement statement or agreement directly from insurer or from 
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APPENDIX J – EXAMPLE OF RIGHT-OF-ENTRY PERMIT 

Owner's attorney. Owner hereby instructs his or her insurer and attorney to provide 
such documents directly to Jurisdiction at Jurisdiction’s request. 

If Owner indicated in 2(a) above that the Premises were not insured, Owner certifies under 
penalty of perjury that there was no insurance in effect at the time of the incident which may 
provide coverage for the costs of inspection, testing or debris removal and clearance. 

3. Prohibition on Duplication of Benefits. Owner understands that, pursuant 
to federal law, if Owner receives federal financial assistance to cover the costs of inspection, 
testing or debris removal and clearance, Owner will be required to reimburse such federal 
financial assistance to the extent those costs are covered by Owner’s insurance policy or some 
other source. (42 USC §5155, et seq.) 

Owner (______ has, ______ has not) and (_____ will, ____will not) receive(d) any 
compensation for inspection, testing, and/or debris removal and clearance from any other 
public source including Small Business Administration (SBA), individual and family grant 
program, or any other public assistance program.  

4. Insurance Proceeds. 

(a) Jurisdiction’s Limited Right to Reimbursement from Insurance Proceeds. 
Owner will advise Jurisdiction in writing within 10 days of Owner’s receipt of any 
insurance settlement proceeds for incident-related inspection, testing, or debris 
removal and clearance. Owner further agrees to reimburse the Jurisdiction, within 30 
days of Owner’s receipt of such insurance proceeds, for the cost of the inspection, 
testing, and debris removal and clearance conducted by the Jurisdiction. In the event 
the insurance proceeds fairly allocated or awarded for the cost of incident-related 
inspection, testing, or debris removal and clearance are less than the costs of 
inspection, testing, and debris removal and clearance incurred by the Jurisdiction, 
Owner will not be responsible for the difference. If the insurance proceeds for the cost 
of incident-related inspection, testing, or debris removal and clearance exceed the 
Jurisdiction’s cost of inspection, testing, and debris removal and clearance, Jurisdiction 
will have no right to any such excess proceeds. 

(b) Audit. Owner understands that all disaster-related funding, including that for 
inspection, testing, or debris removal and clearance on private property is subject to 
audit. 

5. Hold Harmless. Jurisdiction shall not be liable for, and Owner shall indemnify 
and hold harmless Jurisdiction, the United States Government, the Federal Emergency 
Management Agency (FEMA), the State of California and any of their officers, agencies, 
agents, contractors, subcontractors, employees, and volunteers, against any and all claims, 
deductibles, self-insured retentions, demands, liability, judgments, awards, fines, mechanics’ 
liens or other liens, labor disputes, losses, damages, expenses, personal injury, charges or 
costs of any kind or character, including attorneys’ fees and court costs (hereinafter 
collectively referred to as “Claims”), which arise out of or are in any way connected to actions 
arising out of this Permit, and hereby release, discharge and waive any claims and actions, in 
law or equity, arising therefrom. 

6. Notice of Hazards. Owner is aware that the following circled items were 
present on the Premises immediately prior to the incident: 

Propane tanks  


Acetylene cylinders  


Compressed gas cylinders  


Guns 


Ammunition
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APPENDIX J – EXAMPLE OF RIGHT-OF-ENTRY PERMIT 

Hazardous substances 


Septic tanks 


Underground storage tanks  


Other known hazards (describe):  


The above-circled items were located in the following areas of the Premises (describe 
locations):  

7. Special Requests. If Owner desires that any item(s) not be removed from 
the Premises pursuant to this Permit, Owner shall clearly mark those items in advance of the 
commencement of debris removal and clearance activities on the Premises. However, should 
the Jurisdiction determine that some or all of such items should be removed from the Premises 
and disposed of for health and safety reasons, Owner agrees that the Jurisdiction is authorized 
to remove and dispose of those items without compensation or other obligation to Owner. 

8. No Jurisdiction Assumption of Liability for Remediation. In consideration 
of the assistance Jurisdiction is providing to Owner under the Permit, at no cost to Owner, 
Jurisdiction assumes no liability or responsibility, and Owner shall not seek to recover from 
Jurisdiction, the United States Government, FEMA, the State of California or any of their 
officers, agencies, agents, contractors, subcontractors, employees, and volunteers, the costs 
of remediating any damages to the Premises incurred as a result of acts or omissions taken 
pursuant to this Permit. 

9. Jurisdiction’s Agents. Any person, firm, corporation or other entity 
authorized by the Jurisdiction to work upon the Premises pursuant to this Permit shall be 
deemed to be Jurisdiction’s agent, including but not limited to the California Environmental 
Protection Agency and its contractors, and shall be subject to all applicable terms of this 
Permit. 

10. Authority. Owner represents and warrants that Owner has full power and 
authority to execute and fully perform Owner’s obligations under this Permit. If Owner is an 
entity, Owner also represents and warrants that Owner has such power and authority pursuant 
to its governing instruments, without the need for any further action, and that the person(s) 
executing this Permit on behalf of Owner are the duly designated agents of Owner and are 
authorized to do so. Owner expressly represents and warrants that fee title to the Premises is 
vested solely in Owner. 

11. Entire Agreement. This Permit constitutes the entire agreement between the 
parties with respect to the subject matter hereof, and all prior or contemporaneous 
agreements, understandings and representations, oral or written, are superseded. 

12. Modification. The provisions of this Permit may not be modified, except by a 
written instrument signed by all parties to this Permit. 

13. Partial Invalidity. If any provision of this Permit is determined by a court of 
competent jurisdiction to be invalid or unenforceable, the remainder of this Permit shall not be 
affected thereby. Each provision shall be valid and enforceable to the fullest extent permitted 
by law. 

Disaster Debris Management Plan 
May 2008 

J-3 



  

 
  

  

 
  

 
 
 
 
 

  
 

 

 

 

  

 

  

  

 

 

 

 

 

  

 

  

  

 
 

APPENDIX J – EXAMPLE OF RIGHT-OF-ENTRY PERMIT 

14. Successors and Assigns. This Permit shall bind and benefit the parties and 
their successors and assigns, except as may otherwise be provided herein. 

15. Notices. Any notice required hereunder shall be provided as follows: 

For the Jurisdiction: 

Name: 

Department:  

Address:  

Cell Phone Number:  

Work Phone Number: 

Email Address: 

For the Owner: 

Name: 

Department:  

Address:  

Cell Phone Number:  

Work Phone Number: 

Email Address: 
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APPENDIX K 

Washington Public Assistance Damage 
Assessment 

This information is provided by the Washington Emergency Management Division (EMD) at 
http://www.emd.wa.gov/disaster/WashingtonMilitaryDepartmentEmergencyManagementDivision-
DisasterAssistance-PublicAssi.shtml 

Purpose 
At the onset of an emergency or disaster, before any federal funding is provided, the 
Washington Emergency Management Division (EMD) must determine the extent of the 
damages sustained by state and local public facilities. Through the Preliminary Damage 
Assessment (PDA) process EMD obtains the information necessary to determine if the 
criteria has been met to forward a request through the governor to FEMA for a Presidential 
Disaster Declaration for Public Assistance. 

The intent of the PDA process is to depict the magnitude, impact, dollar damage, and the 
actions that are needed to deal with and recover from the event.  

The PDA process is necessary to request federal assistance for the state and each affected 
county. If damage assessment information is not received when needed, we are unable to 
include a county’s information in the initial assessment of needs for public facilities. 

Assessment of Damages 
In order to determine the extent of an event, state agencies and county emergency 
management offices complete an initial assessment of the damages affected jurisdictions 
sustained in an impacted county. Each county emergency management office coordinates the 
data collection for all potential applicants within their county - their jurisdictions. 

Who are the Applicants / Jurisdictions? 
Applicants (jurisdictions) are defined as: state agencies, all local public agencies – counties, 
cities, towns, utilities (water, sewer, electrical) and other special-purpose districts to include 
school districts and fire districts, Indian tribes, and certain private non-profit organizations 
that provide essential governmental-type services. 

How Does the Assessment Process Start? 
Each local agency/jurisdiction completes the Preliminary Damage Assessment Estimates – 
Site/Category (PA-2) form for each category of work (type of damage) they incurred as a 
result of the disaster. The cost estimates from each category of work are included in the total 
cost estimates that are listed on the Preliminary Damage Assessment Summary (PA-1) form.  
The forms are then forwarded to the County Emergency Management Office. 
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APPENDIX K – WASHINGTON PUBLIC ASSISTANCE INITIAL DAMAGE ASSESSMENT 

Please remember - the County is the coordination point for all local jurisdictions. The 
information the counties submit to EMD should include completed forms for each 
jurisdiction that sustained damages within their county. 

Each impacted county emergency management office is responsible for notifying all 
jurisdictions in their county to complete a PDA. Counties are requested to complete a PDA of 
the county-owned damages sustained in their county and to coordinate the PDA data 
collection from all jurisdictions in their county. The PDAs submitted from all jurisdictions 
within the county are submitted to EMD, Public Assistance Program. The counties are not 
responsible for completing the forms for their jurisdictions. 

We ask that each county emergency manager: 

1.	 Advise us of their primary point of contact. This is very important when we coordinate 
the follow-on joint PDA with FEMA. 

2.	 Notify us if their county did NOT experience extensive damages to public roads, sewers, 
water systems, schools, utility districts, etc., or 

3.	 Notify us if their county did sustain extensive damages by completing and submitting the 
PDA forms (PA-1 and PA-2) to EMD Public Assistance. 

Each local jurisdiction and Indian Tribe is asked to forward the completed PDA forms to 
their county emergency management office for coordination and submission to the state. 

The counties need to send the forms to: 
Email:  publicassist@emd.wa.gov, or 
Fax: (360) 570-6350 

Preliminary Damage Assessment (PDA) Forms 
To prepare the initial assessment, each public agency should complete a PA-2 worksheet for 
each category of damage incurred by the disaster and a PA-1 summary sheet. 

The PDA forms are in one Excel workbook. You should save a copy of the workbook to your 
computer and then fill in the forms on this saved copy. The forms cannot be completed 
online. We also recommend that you keep a paper copy of the forms in case you do not have 
power or access to a computer when you need the forms. 

The PDA Form includes: 

•	 Data Sheet. This is the 1st page in the Excel workbook. Completion of this page 
automatically fills the demographic information on each PA-1 and PA-2 form. 

•	 PA-1, Preliminary Damage Assessment Summary. This is required and provides the 
totals of each damage category and an overview of the event’s effects. 

•	 PA-2, Preliminary Damage Assessment Estimates - Site/Category. The PA-2 forms are 
required and should be completed before the PA-1 summary form. There is a PA-2 form 
for each Category of Work. 
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APPENDIX K – WASHINGTON PUBLIC ASSISTANCE INITIAL DAMAGE ASSESSMENT 

•	 PA-3, PDA Totals – County’s Use. This is a project tracking tool for county emergency 
managers and is not a  required form. 

The Instructions for the PDA forms are listed below. These are in a separate Word 
document. 

•	 PA-1, Preliminary Damage Assessment Summary - Form Instructions 

•	 PA-2, Preliminary Damage Assessment Estimates - Site/Category - Form Instructions 

•	 PA-3, PDA Totals – County’s Use - Form Instructions 

Timeline 
If it is determined that a formal PDA will be pursued, federal/state PDA teams will arrive in 
each county. These teams will coordinate directly with the county's emergency management 
office. A representative knowledgeable about the damages should be available to help the 
teams verify the damages. 

In general, the following timeline exists: 

•	 One week for each jurisdiction to complete their forms, submit to their county 
emergency manager, and 

•	 The county submits to EMD. State agencies submit directly to EMD. 

•	 One week for EMD to send out joint FEMA/State teams to verify all damage. 

•	 One week for EMD to collate all data, prepare request for disaster declaration, submit to 
the governor for approval, and forward approved request package to FEMA. 

•	 Thirty days total to complete PDA and submit through governor to FEMA. 

Contact 
For more information, please contact the Program Manager at (253) 512-7078. 

Disaster Debris Management Plan 
May 2008 

K-3 



  

 

                  

                  
     

     
     

     
     

   

   

   
                  
  Who Must Complete PDA? Instructions for PDA forms     
  Printing   Submitting Forms     
                  

  

 

 

 

  

 

 

 

  
 

  

 

 

  

 

 

APPENDIX K – WASHINGTON PUBLIC ASSISTANCE INITIAL DAMAGE ASSESSMENT 

PDA DATA SHEET 


Date: 

County: 
Applicant: 
Contact Name/E-
mail: 
Phone: 
Local Inspector 
(Rep): E-mail: _______________ Phone: ________ 

State Inspector: E-mail: _______________ Phone: ________ 


Federal Inspector: E-mail: _______________ Phone: ________ 


Complete this sheet first. The information will automatically enter on each page in the 
workbook. NOTE: These data cells are not protected on the worksheets. If you need to change 
this demographic data for a specific category of work, you can do this on the applicable page. 
Complete each Category of Work page that you need for your damages, the information that is 
needed on each page is shaded light yellow. 

ALL applicants with damages must complete a set of PDA forms for each county in which 
they sustained damages. Each local applicant must submit these forms to the county's 
emergency manager. Each county emergency manager is responsible for submitting all PDAs 
within their county to the WA Emergency Management Division (EMD). All state agencies must 
complete a set of PDA forms for each county where they sustained damages and submit the 
forms directly to EMD. EMD will total each county's damages to determine if thresholds are 
met. 

When Printing: Text boxes are formatted to word wrap. However, if you enter more 
information than the cell will show, you will need to adjust the cell's size in order to print all 
entered information. Print margins are formatted to print all pages as they are currently 
formatted. If you only have four sites out of a possible 15 sites, the informational blocks for 15 
sites will still print. 

Instructions for the PA-1 and PA-2 PDA forms are available in a separate Word document. 
The instructions are available at our web site: http://emd.wa.gov. If you need assistance, 
please contact the Public Assistance Program at 360-570-6305. Submit the forms via e-mail to: 
publicassist@emd.wa.gov, or fax 360-570-6350. 

Submit the PA-1 and PA-2 PDA forms via e-mail to: publicassist@emd.wa.gov, or fax to 360-
570-6350.  If you need assistance, please contact the Public Assistance Program at 360-570-
6305. 
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APPENDIX L – MUTUAL AID AGREEMENT SAMPLE TEMPLATE 

Mutual Aid Agreement Sample Template 

(This document is a Sample Template to be used as a guide in drafting an Intrastate Mutual Aid 
Agreement and is not intended to represent a mandatory format or to encompass every potential 
contract clause. Such document is intended merely to serve as a guide and should be tailored to 
each municipality’s circumstances and requirements) 

INTRASTATE MUTUAL AID AND ASSISTANCE AGREEMENT 

FOR DISASTERS AND OTHER RELATED EMERGENCIES
 

WHEREAS, the safety of the citizens of the State of Washington is of the utmost importance to all 
levels of state and local government; 

WHEREAS, the Jurisdiction of ____________ (the “Jurisdiction”) and ____________ (“XXXX”) 
seek to enter a Mutual Aid and Assistance Agreement in order to provide for the sharing of 
resources, personnel, and equipment in the event of a local disaster or other emergency; 

WHEREAS, the State of Washington and the Federal Emergency Management Agency (FEMA) have 
recognized the importance of the concept of written mutual aid agreements between all levels of 
government to facilitate reimbursement; and 

WHEREAS, pursuant to the Constitution of the State of Washington, municipalities are allowed to 
enter into mutual aid and assistance agreements, which may include provisions for the furnishing 
and exchanging of supplies, equipment, facilities, personnel, and services during a natural or 
human-made disaster and/or other emergency; now 

THEREFORE, the parties agree as follows: 

SECTION I. 


DEFINITIONS 


A.	 “Agreement” shall mean this document, the “Intrastate Mutual Aid Agreement for Disasters 
and Other Emergencies.” 

B.	 “Aid and Assistance” shall include, but not be limited to, personnel, equipment, facilities, 
services, supplies, and other resources.  

C.	 “Authorized Representative” shall mean an official of a party to this Agreement who has been 
authorized in writing by that party pursuant to the terms of this Agreement, to request, offer, 
or provide assistance under the terms of this Agreement. 

D.	 “Disaster or other emergency” shall mean the occurrence or imminent threat of widespread or 
severe damage, injury, loss of life or property resulting from an intentional, accidental, or 
unintended release of any substance in or material in any form or quantity which poses an 
unreasonable risk to the safety and health and to the property when released, natural 
incidents, explosions, fires, collapses, or any other incident which directly affects public safety.  

E.	 “Provider” means a party to this Agreement that has received a request to furnish aid and 
assistance to the party in need (“Recipient”).  

F.	 “Recipient” means a party to this Agreement receiving aid and assistance from another party.  
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APPENDIX L – MUTUAL AID AGREEMENT SAMPLE TEMPLATE 

SECTION II. 


OBLIGATIONS OF THE PARTIES 


A.	 Provision of Aid and Assistance – Pursuant to the terms and conditions set forth in this 
Agreement, the parties hereto shall provide each other with aid and assistance in the event of 
a local disaster or emergency. It is mutually understood that each party’s foremost 
responsibility is to its own citizens. This Agreement shall not be construed to impose an 
absolute obligation on any party to this Agreement to provide aid and assistance pursuant to a 
request from another party. Accordingly, when aid and assistance have been requested, a 
party may deem itself unavailable to respond and shall so inform the party setting forth the 
request. 

B.	 Procedures for Requesting Assistance – Requests for assistance shall be made by the 
Authorized Representative of a party to the Authorized Representative of the other party. Such 
request must indicate that it is made pursuant to this Agreement. Such request may be made 
by telephone, to be followed as soon as practicable by a written confirmation of that request. 

C.	 Designation of Authorized Representative – Each party to this Agreement shall designate an 
Authorized Representative. Such designation shall be communicated, in writing, to the Chief 
Executive Officer of the other party upon the execution of this Agreement. Such designation 
may be amended at any time by the Chief Executive Officer of a party upon timely notice. 

D.	 Traveling Employees – Unless otherwise specified by Recipient or agreed by the parties in 
writing, it is mutually understood that Recipient will provide for the needs of the Provider’s 
traveling employees. Recipient shall pay for all reasonable out-of-pocket costs and expenses of 
Provider’s personnel, including, without limitation, transportation expenses for travel to and 
from the disaster area, food, and, if necessary, lodging. If Recipient cannot provide such food 
and/or lodging at or near the disaster area, the Recipient shall so advise the Provider, and 
shall specify in its request for assistance that only personnel who can provide for their own 
needs are requested. 

E.	 Supervision and Control – The Provider shall designate supervisory personnel amongst its 
employees sent to render aid and assistance to the Recipient. Recipient shall provide 
necessary credentials to the Provider’s personnel authorizing them to operate on behalf of the 
Recipient. Recipient shall assign work tasks to Provider’s supervisory personnel, and unless 
specifically instructed otherwise, Recipient shall have the responsibility for coordination 
between Provider’s supervisory personnel and Recipient. Based upon such assignments set 
forth by Recipient, Provider’s supervisory personnel shall have the authority to: 

1.	 Assign work and establish work schedules for Provider’s personnel;  

2.	 Maintain daily personnel time records, material records, and a log of equipment hours;  

3.	 Report work progress to Recipient at regular intervals as specified by Recipient. 

F.	 Period of Service; Renewability; Recall – Unless agreed otherwise, the duration of the 
Provider’s assistance shall be for an initial period of twenty-four (24) hours, starting from the 
time of arrival. Thereafter, assistance may be extended in increments agreed upon by the 
Authorized Representatives of Provider and Recipient. Provider’s personnel, equipment, and 
other resources shall remain subject to recall by Provider to provide for its own citizens if 
circumstances so warrant. Provider shall make a good faith effort to provide at least eight 
(8) hours advance notification to Recipient of Provider’s intent to terminate such assistance, 
unless such notice is not practicable, in which case as much notice as is reasonable under the 
circumstances shall be provided.  
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APPENDIX L– MUTUAL AID AGREEMENT SAMPLE TEMPLATE 

SECTION III. 


REIMBURSEMENT 


A.	 Except as otherwise provided below, it is understood that Recipient shall reimburse Provider 
for the following documents costs and expenses incurred by Provider as a result of extending 
aid and assistance to Recipient.  

1.	 Personnel – During the period of assistance, Provider shall continue to pay its 
employees according to its then prevailing ordinances, rules, regulations, and 
agreements. 

2.	 Equipment – Provider shall be reimbursed by Recipient for the use of its equipment 
during the period of assistance according to established FEMA equipment rates. 

3.	 Material and Supplies – Provider shall be reimbursed for all materials and supplies 
furnished by it, used, or damaged during the period of assistance. The Recipient shall 
not be responsible for reimbursing Provider for the costs of any damage caused by 
gross negligence, willful and wanton misconduct, intentional misuse, or recklessness of 
Provider’s personnel. Provider’s personnel shall use reasonable care at all times in the 
use and control of all materials and supplies used by them during the period of 
assistance. The measure for reimbursement for materials and supplies shall be 
determined in accordance with FEMA and Washington State reimbursement policies. In 
the alternative, the parties may agree in writing that Recipient will replace the 
materials and supplies used or damaged, with materials and supplies of like kind and 
quality. 

B.	 Record Keeping – Recipient shall provide information, directions, and assistance for record 
keeping to Provider’s personnel; Provider shall maintain records and invoices for 
reimbursement.  

C.	 Billing and Payment – Provider shall send an invoice for reimbursable costs and expenses, 
together with appropriate documentation as required by Recipient, as soon as practicable after 
said costs and expenses are incurred, but not later than forty-five (45) days following the 
period of assistance. Recipient shall pay the bill, or advise of any disputed items, not later 
than forty-five (45) days following the billing date. 

D.	 Inspection of Records – Provider agrees that it shall make its records regarding costs and 
expenses for assistance provided under this Agreement available for audit and inspection upon 
request by the Recipient, Washington State, and the federal government, and shall maintain 
such records for at least seven (7) years after the date of final payment under this Agreement. 

SECTION IV. 


PROVIDER’S EMPLOYEES
 

A.	 Rights and Privileges - Whenever Provider’s employees are rendering aid and assistance 
pursuant to this Agreement, such employees shall remain the responsibility of the Provider 
and retain the same powers, duties, immunities, and privileges they would ordinarily possess 
if performing their duties within the geographic limits of the Provider.  

B.	 Workers’ Compensation - Recipient shall not be responsible for reimbursing any amounts paid 
or due as benefits to Provider’s employees due to personal injury or death occurring during 
the periods of time such employees are engaged in the rendering of aid and assistance under 
this Agreement. It is mutually understood that Recipient and Provider shall be responsible for 
payment of such workers’ compensation benefits only to their own respective employees.  
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APPENDIX L – MUTUAL AID AGREEMENT SAMPLE TEMPLATE 

SECTION V.
 

NONDISCRIMINATION 


In accordance with Article 15 of the Executive Law (“Human Rights Law”) and all other applicable 
local, State, and Federal constitutional, statutory, and administrative nondiscrimination provisions, 
the parties to this Agreement shall not discriminate against any employee or the region for 
employment on account of race, creed, color, sex, national origin, disability, Vietnam Era Veteran 
status, or marital status. 

SECTION VI. 


HOLD HARMLESS 


To the extent permitted by law, each party (as Indemnitor) agrees to protect, defend, indemnify, 
and hold the other party (as Indemnitee), and its offices, employees, and agents, free and 
harmless from and against any and all losses, penalties, damages, assessments, costs, charges, 
professional fees, and other expenses or liabilities of every kind and nature arising out of or 
relating to any and all claims, liens, demands, obligations, actions, proceedings, or causes of 
action of every kind in connection with or arising out of Indemnitor’s negligence, acts, errors 
and/or omissions. To the extent that immunity does not apply, each party shall bear the risk of its 
own actions, as it does with its day-to-day operations, and determine for itself what kinds of 
insurance, and in what amounts, it should carry. Each party understands and agrees that any 
insurance protection obtained shall in no way limit the responsibility to indemnify, keep, and save 
harmless the other parties to this Agreement. 

SECTION VII. 

AMENDMENTS 

This Agreement may be modified at any time upon the mutual written consent of the parties. 
Additional municipalities may become parties to this Agreement upon the acceptance and 
execution of this Agreement. 

SECTION VIII. 


DURATION OF AGREEMENT  


A.	 Term – This Agreement shall be for a term of five (5) years from the date of execution by both 
parties, unless the Agreement is renewed or terminated as set forth in this section. 

B.	 Renewal – This Agreement may be extended for an additional five (5) year term by written 
agreement of the parties hereto. 

C.	 Termination – Any party may terminate this Agreement upon thirty (30) days written notice. A 
termination shall not affect the obligation of any party to reimburse the other for the costs and 
expenses of rendering aid and assistance incurred prior to the effective date of termination. 

SECTION IX. 


HEADINGS 


The headings of various sections and subsections of this Agreement have been inserted for 
convenient reference only and shall not be construed as modifying, amending, or affecting in any 
way the express terms and provisions of this Agreement. 

SECTION X.
 

SEVERABILITY 


Should any clause, sentence, provision, paragraph, or other part of this Agreement be adjudged 
by any court of competent jurisdiction to be invalid, such judgment shall not affect, impair, or 
invalidate the remainder of this Agreement. In the event that parties to this Agreement have 
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entered into other aid and assistance agreements, those parties agree that, to the extent a 
request for aid and assistance is made pursuant to this Agreement, those other aid and assistance 
agreements are superceded by this Agreement. 

SECTION XI. 


EFFECTIVE DATE
 

This Agreement shall take effect upon its execution by both parties. 
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Tacoma, Washington, Tsunami Hazard Mapping Project: 
Modeling tsunami inundation from Tacoma and Seattle Fault 
earthquakes 

Angie J. Venturato1, Diego Arcas1, Vasily V. Titov1, Harold O. Mofjeld2, Chris D. 
Chamberlin1, Frank I. González2 

Abstract. As part of a tsunami hazard mapping project funded by the National Tsunami 
Hazard Mitigation Program, the NOAA Center for Tsunami Research (formerly known as the NOAA 
Center for Tsunami Inundation Mapping Efforts) modeled tsunami inundation for the at-risk coastal 
community of Tacoma, Washington. Three tsunamigenic moment magnitude 7.3 earthquake source 
scenarios within the lower Puget Sound region were investigated: one along the Seattle Fault, and 
two along the Tacoma fault based on the most recent geophysical evidence. A high-resolution 
tsunami model was applied to estimate tsunami propagation in the southern Puget Sound region 
and inundation along the greater Tacoma area. These model results (Appendix A) were provided to 
the State of Washington for use in tsunami hazard maps to assist in the design of evacuation plans 
for the at-risk study area. 

1. Background 

Puget Sound has a rich history of natural hazards, including large earth­
quakes, landslides, and delta failures. Geologic and historic evidence have 
shown that some of these past events have generated tsunamis (Johnson et 
al., 1999; Brocher et al., 2004; Sherrod et al., 2004). A 2002 workshop re­
viewed these historic events and recommended potential sources for tsunami 
inundation modeling to further assess the coastal hazard (González et al., 
2003). These recommendations included sources for the Tacoma region. 

Though historic tsunamis within the region suggest a higher recurrence 
rate for a landslide source (Table 1, Fig. 1), workshop participants suggested 
that the “worst-case” scenario would likely have a seismic trigger (González 
et al., 2003). Therefore, this study focuses on tsunamigenic earthquakes 
from Seattle and Tacoma fault sources based on the parameters established 
by workshop participants and further refined by Tom Brocher and Tom Pratt 
from the U.S. Geological Survey. 

2. Study Area 

The study area (Fig. 2) covers the coastal communities of Tacoma, Ruston, 
Gig Harbor, northern University Place, and the Puyallup Nation reservation 
in Pierce County and Federal Way, southern Vashon and Maury Islands of 
King County, Washington. Dash Point State Park and several regional parks 
(including Point Defiance, Titlow Beach, Sunrise Beach, and Ruston Way) 
lie along the shores of the study area. The region also supports several 

1Joint Institute for the Study of the Atmosphere and Ocean (JISAO), University of 
Washington, Box 357941, Seattle, WA 98195-4235, USA 

2NOAA, Pacific Marine Environmental Laboratory, 7600 Sand Point Way NE, Seattle, 
WA 98115 
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recreational marinas, a major commercial port, two state ferry terminals, 
and the Tacoma Narrows Bridge. 

Maritime activity in Commencement Bay includes eight privately owned 
marine terminals and the publicly owned Port of Tacoma. The Port of 
Tacoma, the sixth largest commercial port in North America and the major 
economic engine for Pierce County (Port of Tacoma, 2005), lies at the edge 
of the Puyallup River delta. Eight waterways along the delta (Fig. 2b) are 
maintained by the U.S. Army Corps of Engineers. A public esplanade lines 
the western side of Thea Foss Waterway where several local outdoor events 
take place. 

The Puyallup River delta has a history of damaging submarine landslides 
(Table 1). A landslide in 1894 generated a 10-foot wave that led to three 
deaths, destroyed freight docks, and caused significant damage in historic 
downtown Tacoma (Pierce County, 2004). In 1943, another submarine land­
slide produced a tsunami that destroyed jetties at the mouth of the Puyallup 
River (González et al., 2003). Several smaller, non-tsunamigenic landslides 
have occurred on the delta since these events (Gardner et al., 2001). 

The Narrows is a major recreational and commercial transit waterway 
nested between Tacoma and the Kitsap Peninsula (Fig. 2a). High current 
velocities occur in this channel with a range of 2–5 knots at ebb and flood 
tides (National Ocean Service, 2006). The Tacoma Narrows Bridge, a pri­
mary thoroughfare, spans the midsection of The Narrows and is currently 
under construction. The new bridge will consist of two suspension spans 
and is scheduled for completion in 2008 (Washington State Department of 
Transportation, 2005). 

A tsunamigenic subaerial landslide at Salmon Beach occurred in 1949 
three days after a surface-wave magnitude (Ms) 7.1 Olympia earthquake. 
Estimated 6- to 8-foot tsunami waves were generated in The Narrows, dam­
aging piers and boats in Gig Harbor and Salmon Beach (Lander, 1993; Chleb­
orad, 1994). 

3. Tsunami Sources 

Three source scenarios were investigated for this study. One is based on a 
moment magnitude (Mw) 7.3 earthquake along the Seattle Fault as described 
in Titov et al., 2003. The other source scenarios are based on Mw 7.3 

Table 1: Known historic tsunami events in the study area. 
Event numbers are associated with estimated locations dis­
played in Fig. 1 (Chleborad, 1994; Gardner et al., 2001; 
González et al., 2003). 

Event Number Date Type 

1 1894 Deltaic submarine landslide 
2 1943 Deltaic submarine landslide 
3 16 April 1949 Subaerial landslide 

http:andtheKitsapPeninsula(Fig.2a
http:thedelta(Fig.2b
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Figure 1: Seattle and Tacoma fault segments used for the study (Brocher et al., 2004). Published fault 
traces, co-seismic deformation, and known historic tsunami events are also displayed (Sherrod et al., 2004; 
Johnson et al., 1999, 2004; González et al., 2003; Gardner et al., 2001). 

earthquakes along the Tacoma Fault provided by Brocher and Pratt based 
on recent fault scarps detected through LIDAR mapping (Sherrod et al., 
2004). The detailed structure of both the Seattle and Tacoma faults are 
under much debate; however, tsunamigenesis depends primarily on surface 
displacement, which is fairly well determined by recent work in the field to 
provide reasonable assessments of these fault structures (Pratt et al., 1997; 
Johnson et al., 1999; Sherrod et al., 2004). 

Brocher et al. (2004) suggest that the Seattle and Tacoma faults are 
linked, such that a seismic event on one fault may trigger movement on 
the other. Recent field evidence suggests displacements occurred along both 
faults approximately 1100 years ago (Sherrod et al., 2004). Though the sce­
narios are constrained by these measured vertical displacements, this duality 
was not considered in this study. Each fault model is described in detail in 
the following subsections. 

3.1 Seattle Fault Scenario 

The Seattle Fault scenario is based on six segments of varying length, strike, 
and slip (Table 2). The length and strike parameters are well within the 
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Figure 2: Study area of the tsunami hazard mapping project for Tacoma, Washington (a). Details of the 
(b) Puyallup Delta region and (c) Gig Harbor. Seven sites were selected to delineate time series of tsunami 
wave heights and current speeds (Fig. 6). 

range of possibilities described in González et al., 2003. The slip distribu­
tion was constrained to match vertical displacement estimates at Restoration 
Point, Alki Point, and West Point (Fig. 1) from a Seattle Fault earthquake 
in A.D. 900–930 (Bucknam et al., 1992; Atwater, 1999). Table 3 provides 
a comparison of the computed model displacement (Fig. 3) with field esti­
mates. 

3.2 Tacoma Fault Scenarios 

The Tacoma Fault scenarios were prepared by Tom Pratt and Tom Brocher. 
Two scenarios of equal probability are considered due to geophysical ev­
idence (Brocher et al., 2004; Sherrod et al., 2004). The west end (fault 
segment T1) of both scenarios is based on a prominent geophysical linea­
ment that extends through Case Inlet as evidenced by seismic tomography 
and trenching (Sherrod et al., 2004). The eastern end from Case Inlet to 
Dumas Bay is less defined, with at least three fault lines found north and 
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Figure 3: Modeled source scenarios for the (a) 
Seattle Fault, (b) Tacoma Fault, and (c) Rosedale­
dominant Tacoma Fault. Vertical ground displace­
ments are shown in meters. 

south of Commencement Bay (Fig. 1). Given the uncertainty, two fault sce­
narios are considered: (1) the Tacoma Fault scenario based on published 
fault traces from Johnson et al. (1999, 2004) and (2) the Rosedale-dominant 
Tacoma Fault scenario based on an inferred wedge tip along the Rosedale 
monocline (Brocher et al., 2004). The Tacoma Fault scenario is based on 
fault segments T1 through T5 and the Rosedale-dominant Tacoma Fault 
scenario is based on fault segments T1 and T6 (Table 4). The modeled slip 
distribution (Fig. 3) for each scenario matches fairly well with preliminary 
vertical displacement estimates at six field stations (Table 5) described by 
Sherrod et al. (2004). 
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Table 2: Seattle Fault segment seismic parameters as described in Titov 
et al. (2003) and displayed in Fig. 1. 

Length Width Strike Dip Displacement 
Fault Segment (km) (km) (deg.) (deg.) (m) 

F1 15.2 35.0 87.9 60.0 1.0 
F2 6.3 35.0 86.6 60.0 1.0 
F3 8.9 35.0 96.0 60.0 12.0 
F4 3.3 35.0 128.8 60.0 11.0 
F5 11.5 35.0 99.3 60.0 4.0 
F6 14.9 35.0 81.0 60.0 1.0 

Table 3: Vertical deformation comparison 
based on field estimates and the Mw 7.3 Seat­
tle Fault model. Vertical deformation sites are 
displayed in Fig. 1. 

Site Field (m) Model (m) 

Alki Point 4–6.5 3.6 
Restoration Point 7 7.2 
West Point −1 ± 0.5 −1.1 

Table 4: Tacoma fault segment seismic parameters based on Sherrod et 
al. (2004) and displayed in Fig. 1. The Tacoma Fault scenario is based 
on segments T1–T5; the Rosedale-dominant Tacoma Fault is based on 
segments T1 and T6 only. 

Length Width Strike Dip Displacement 
Fault Segment (km) (km) (deg.) (deg.) (m) 

T1 10.0 14.1 268.9 45.0 5.6 
T2 10.0 14.1 260.8 45.0 4.2 
T3 10.0 14.1 274.0 45.0 2.8 
T4 8.0 14.1 276.3 45.0 1.4 
T5 8.0 14.1 279.5 45.0 1.4 
T6 33.0 14.1 129.2 45.0 3.0 

Table 5: Vertical deformation comparison based on preliminary field 
estimates (Sherrod et al., 2004 and Sherrod, personal communication) 
and the Mw 7.3 Tacoma and Rosedale-dominant Tacoma Fault models. 
Vertical deformation sites are displayed in Fig. 1. 

Tacoma Fault Rosedale-dominant 
Site Field (m) Model (m) Model (m) 

Lynch Cove 3 1.1 1.0 
North Bay 4 2.3 2.2 
Catfish Lake 4 3.2 3.4 
Burley 1 1.3 −0.1 
Wollochet Bay −1 −0.1 1.3 
Dumas Bay 0 −0.1 −0.1 
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Figure 4: Extent and resolution of each digital elevation model (DEM) used in the study. The low-
resolution DEM consists of only bathymetric depth values; the medium- and high-resolution DEMs consist 
of both bathymetric depth and topographic elevation values relative to Mean High Water. 

4. Tsunami Model 

Tsunami propagation and inundation for the study region is computed us­
ing the Method of Splitting Tsunami (MOST) model (Titov and González, 
1997; Titov and Synolakis, 1995). MOST is a finite-difference long wave ap­
proximation model that has been extensively tested against laboratory ex­
periments (Titov and Synolakis, 1998) and field data from historic tsunamis 
(Titov et al., 2004). Titov et al. (2003) describes the application of the 
MOST model for a tsunami in Puget Sound. The following sections briefly 
describe the computational grids and specific modeling parameters used for 
this inundation study. 

4.1 Digital Elevation Model Development 

The MOST model requires nested computational grids to calculate the com­
plicated wave dynamics of tsunami generation, propagation, and inundation. 
Three digital elevation models (DEMs) were developed for this study (Fig. 4). 
Bathymetric and topographic data were collected from government agencies 
and analyzed to select sources of the best quality (Appendix B). The spatial 
density of the selected data ranged from 0.6 to 30 m. 

The selected data were converted to geographic decimal degrees (North 
American Datum of 1983) with vertical units of meters with respect to Mean 
High Water. Bathymetric data were converted to Mean High Water using 
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Table 6: Vertical control. Values are with 
respect to Mean Lower Low Water based on 
the Tacoma National Ocean Service secondary 
water-level control station 944-6484. 

Datum Meters 

TIDE22 (Local datum) 5.901 
Mean High Water 3.336 
Mean Sea Level 2.094 
North American Vertical Datum 1988 0.758 
Port datum (Local datum) 0.137 
Mean Lower Low Water 0.000 

Table 7: Quantitative root mean square (RMS) error estimate of the DEMs. Estimated RMS 
error was calculated based on source references (Hess and Smith, 2004; Snyder, 1987) and methods 
described in Venturato (2005). The total error is the sum of the quantitative values. Subjective 
interpretation due to combining multiple data sources adds unknown error to the DEMs. 

Horizontal Error Range Vertical Error Range 
Error Type (m) (m) 

Projection/datum conversion 0.15–0.25 0.03–0.20 
Comparison with vertical control benchmarks N/A 0.27–1.81 
Comparison with original data sources 0.67–10 0.35–0.98 
Total known quantitative error 0.82–10.25 0.65–2.99 

local datum conversions from the U.S. Army Corps of Engineers, the Port 
of Tacoma, and the vertical datum conversion tool known as VDatum (Hess 
and White, 2004). Topographic data were converted to Mean High Water 
using tidal and geodetic benchmark information from the National Ocean 
Service. Table 6 provides more information about vertical datum conversion 
values. 

A shoreline file representing the Mean High Water line was generated 
based on data from the Washington State Department of Ecology and the 
Port of Tacoma. Piers with open pile foundations were removed from the 
shoreline data since tsunami waves can propagate under them. 

DEMs of 1/3-, 1-, and 3-arc-second resolution for tsunami inundation, 
propagation, and generation regions, respectively, were developed using De­
launey triangulation and natural neighbor interpolation. Though assessing 
the quality of a DEM based on multiple data sources is difficult, an at­
tempt to quantify some factors of error (Table 7) were made using methods 
described in Venturato (2005). 

4.2 Model Setup 

The 1/3-, 1-, and 3-arc-second DEMs were converted to ASCII raster grids 
and then sub-sampled to 1-, 3-, and 9-arc-second grids to ease the computa­
tional load on the MOST model. Since the grids are based on a “bald-earth” 
(Venturato et al., 2005), a bottom friction coefficient is used in the model. 
The Manning parameter for this study was set to 0.055. 
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Figure 5: Maximum inundation (a, c, e) and maximum wave speeds (b, d, f) for each source scenario. 
The Seattle Fault scenario has the most inundation and highest currents. The Tacoma Fault scenario has 
significant inundation in the Port of Tacoma region, but with smaller amplitudes. The Rosedale-dominant 
Tacoma Fault scenario depicts the least inundation and lowest current speeds. 

5. Discussion of Modeling Results 

All three scenarios create significant vertical displacements along their re­
spective fault surfaces. The Seattle Fault scenario creates the most intense 
currents and inundation (Figs. 5, 6) within the study area due to the large 
displacement of water in the deepest and widest region of Puget Sound. The 
Tacoma Fault scenario causes less inundation overall since much less wa­
ter is displaced in the narrower and shallower regions of Carr Inlet, Colvos 
Passage, and East Passage. The Rosedale-dominant Tacoma Fault scenario 
causes the least amount of inundation in the study region due to relatively 
small displacements in the regional channels. 

Most inundation occurs within low-lying, relatively flat regions of the 
study area such as the Port of Tacoma harbor in Commencement Bay. Min­
imal inundation occurs along steep topographical slopes. Consequently, the 
inundation is determined primarily by local topography rather than offshore 
wave dynamics. This correlates well with previous observations of long pe­
riod tsunami waves, which lose their energy via bottom friction over long 
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penetration distances (Titov et al., 2003). The following sections provide 
more details on the offshore wave dynamics and inundation of each tsunami-
genic scenario. 

Due to constraints of the inundation grid, the model does not cover the 
full extent of wave propagation in the upper Puyallup River; subsequently, 
the wave reflects off the edge of the grid boundary leading to potentially 
nonphysical inundation within the City of Fife and Puyallup Nation territory. 

5.1 Seattle Fault Scenario 

Offshore Dynamics 

The Seattle Fault source creates a sharp dislocation along the fault plane 
extending across northern Kitsap Peninsula and eastward through south 
Seattle. Minor subsidence occurs on the north side of the fault. South of the 
fault, a large uplift occurs with a maximum 8 m in the southern Bainbridge 
Island region and diminishing in intensity throughout the southern Puget 
Sound region (Fig. 3). This rupture forms the initial tsunami wave between 
Alki Point and Restoration Point, which is one of the deepest regions of 
central Puget Sound. Two wave fronts are formed: one traveling north 
impacting Elliott Bay and northern Puget Sound, and the other traveling 
south toward Tacoma and southern Puget Sound. The southern wave front 
splits into two upon striking the northern tip of Vashon Island 4 min after 
initial deformation. The eastern and more intense front travels down East 
Passage striking northern Maury Island and Dumas Bay and then reflecting 
off the Ruston Way waterfront and southern Vashon Island 12 min after 
generation (Fig. 7). The weaker west front travels down Colvos Passage 
striking Point Defiance before joining with the stronger reflected wave in 
Dalco Pass. Maximum wave crests of approximately 3.5 m amplitudes reach 
Commencement Bay and Gig Harbor approximately 19 min after generation 
(Fig. 6). Part of the primary front’s reflected wave energy travels north 
into Quartermaster Harbor and back up East Passage toward Elliott Bay 
and northern Puget Sound. The remaining wave energy travels into The 
Narrows and then dissipates in southern Puget Sound. Smaller though still 
significant waves continue to reflect back and forth within the study region 
for 3 hr. 

High (>1.5 m/s) wave velocities occur within Commencement Bay, Gig 
Harbor, East Passage, Quartermaster Harbor, The Narrows, and Wollochet 
Bay. Since the model does not dynamically include tidal currents, the current 
speeds may be more substantial if these events occurred during a flood tide. 

Inundation Details 

Dumas Bay Park is the first area to be inundated in the study region approx­
imately 10 min after tsunami generation (Fig. 8). Tsunami vertical runup 
reaches 3.2 m with inundation extending 250 m inland. 

Inundation along the Ruston Way waterfront starts approximately 12 min 
after earthquake generation. This popular recreational area would be struck 
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Figure 6: Time series of tsunami wave heights and current speeds at select sites of the study region. 
Figure 1 displays the associated site locations. 
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Figure 7: Modeled tsunami propagation in Puget Sound from the Seattle Fault scenario. Snapshots are in 
15-min intervals with wave amplitudes in meters. 

with an initial maximum 3.2-m wave overtopping several piers and inundat­
ing the sole roadway along the waterfront. 

Approximately 14 min after generation, the tsunami starts to inundate 
the Port of Tacoma and the Thea Foss Waterway, building to a 3.5-m wave 
that overtops port facilities, the public esplanade, and adjacent low-lying 
neighborhoods as harbor channels and the Puyallap River flood. The total 
inundation area extends over 5 km inland along the Puyallup River delta. 

Inundation occurs at both State ferry terminals approximately 18 min 
after tsunami generation. The Tahlequah terminal at the southern point of 
Vashon Island is hit with an initial 3.3-m wave with speeds ranging from 
5–7 m/s and overtopping the dock and staging area. A 3.9-m wave strikes 
the Point Defiance terminal and marina at speeds of approximately 3 m/s. 
Inundation extends 80 m inland on a slag fill peninsula, an Environmental 
Protection Agency Superfund site (Washington State Department of Trans­
portation, 2006), flooding the main marina access road northeast of the 
terminal. 

The tsunami wave arrives at Gig Harbor approximately 19 min after 
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Figure 8: Modeled tsunami inundation in the study region from the Seattle Fault scenario. Snapshots are 
in 10-min intervals starting near the time of initial inundation at the Port of Tacoma. Wave heights are in 
meters with respect to Mean High Water. 

generation. Tsunami vertical runups above 2 m occur along the northern­
most tip of the harbor, inundating a local park. Current speeds are 1–2 m/s 
within the harbor, and reach above 5 m/s at the harbor entrance. 

High current speeds ranging from 2–3 m/s also occur in the Narrows 
(Fig. 6). The initial wave reaches Titlow Park approximately 20 min after 
tsunami generation. The southern half of Titlow Park and a rail line are 
completely inundated with maximum wave runups reaching 3 m. 

5.2 Tacoma Fault Scenario 

Offshore Dynamics 

The Tacoma Fault scenario creates a moderate uplift north of the fault plane 
with minimal subsidence (<0.5 m) south of the fault. The sharpest dislo­
cation (3.4 m) occurs along the western edge of the fault, with diminishing 
intensity eastward. Much of the dislocation occurs on land and the shallow 
regions of Lynch Cove, North Bay, and Burley Lagoon. Smaller ruptures 
(0.7–2 m) along the eastern edge of the fault form the primary tsunami 
wave energy within Colvos Passage, Quartermaster Harbor, and East Pas­
sage (Fig. 3). 

The initial displacement splits the wave energy into northbound and 
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Figure 9: Modeled tsunami propagation in Puget Sound from the Tacoma Fault scenario. Snapshots are 
in 15-min intervals with wave heights in meters. 

southbound fronts. The southbound front in Colvos Passage strikes Point 
Defiance 5 min after tsunami generation and subsequently splits further into 
a 0.5-m wave traveling into Dalco Pass, a 0.7-m wave into Gig Harbor, and 
a 0.8-m wave down The Narrows (Fig. 6). 

The southbound front in East Passage creates a 1-m wave crest that 
strikes Dumas Bay 3 min after generation before joining the wave in Dalco 
Pass and a smaller wave from Quartermaster Harbor before reaching Com­
mencement Bay. Part of the combined wave energy is reflected off the Ruston 
wave waterfront and travels back into East Passage. The remaining wave 
energy strikes the Port of Tacoma with a wave crest of 0.6 m approximately 
10 min after generation. 

The wave traveling down The Narrows reaches Fox Island 15 min after 
generation and then splits into a wave front traveling up Hale Passage and 
another toward Nisqually Reach dissipating in south Puget Sound (Fig. 9). 
Wave crests of 0.8 m amplitudes reach Wollochet Bay 20 min after gener­
ation. Smaller wave activity is witnessed throughout the study region for 
approximately 1.5 hr. 
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High current speeds (>1.5 m/s) occur at the entrance to Gig Harbor, 
both ferry terminals, Port of Tacoma waterways, and the recreational area 
of Dumas Bay. 

Inundation Details 

Dumas Bay Park is inundated approximately 3 min after tsunami generation 
with vertical runups reaching 3.5 m (Fig. 5). The waterfront promenade 
along the north side of Point Defiance Park is struck 5 min after generation 
with maximum vertical runups reaching 2 m. 

Inundation along both ferry terminals occur approximately 7 min after 
generation with runups reaching 1.5 m and current speeds ranging from 2– 
3 m/s. Gig Harbor is struck next at 8 min with maximum vertical runups 
reaching 2 m and inundating the local boat marina. Inundation along the 
Ruston Way waterfront starts approximately 8 min after generation with 
the highest runup values of 2.4 m inundating the promenade and roadway. 

The tsunami hits the Thea Foss Waterway and Port of Tacoma with an 
initial 0.6-m wave 10 min after generation. The initial wave front does not 
overtop port facilities; instead, the wave crest builds up in the waterways 
and begins overflowing port banks at 15 min. Resonance in the waterways 
and Puyallup River continue to overflow the channels, and the port and 
public esplanade are slowly inundated over a period of 3 hr (Fig. 10). The 
majority of the port has runup values around 1 m, though maximum vertical 
runups reach 3 m at the termini of Blair and Thea Foss waterways and along 
Puyallup River banks. The total inundation area extends over 3 km inland. 

Current speeds are relatively low in The Narrows, ranging from 0.2– 
0.4 m/s (Fig. 6). The initial wave crest inundates Titlow Park approximately 
12 min after generation with maximum runups reaching 2.5 m and washing 
over the rail line. 

5.3 Rosedale-Dominant Tacoma Fault Scenario 

Offshore Dynamics 

The Rosedale-dominant Tacoma Fault scenario creates moderate uplift 
(3.6 m) north of the fault plane. Like the Tacoma Fault scenario, the sharpest 
dislocation occurs primarily on land and shallow waters along the western 
edge of the fault. A smaller rupture (1.3 m) on the 33-km fault segment along 
the Rosedale monocline initiates the primary water displacement within Carr 
Inlet, Wollochet Bay, Hale Passage, and The Narrows (Fig. 3). 

Within the primary rupture zone, high currents (>1.5 m/s) occur within 
Wollochet Bay and along the shores of Titlow Park. Moderate current speeds 
(0.5–1.2 m/s) occur within Hale Passage and The Narrows. Most of the 
initial tsunami energy is directed toward Nisqually Reach traveling into Case 
Inlet and Dana Passage (Fig. 2) where it dissipates in the shallow waters of 
southwestern Puget Sound. A strong wave also strikes Burley lagoon at the 
terminus of Carr Inlet within 10 min of generation (Fig. 11). 

Remaining wave energy travels north up The Narrows with the initial 
wave front diminishing from 0.8 to 0.4 m before reaching the entrance to 

http:ofgeneration(Fig.11
http:of3hr(Fig.10
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Figure 10: Modeled tsunami inundation in the study region from the Tacoma Fault scenario. Snapshots 
are in 10-min intervals starting near the time of initial inundation at the Port of Tacoma. Wave heights are 
in meters. 

Gig Harbor 9 min after generation. Part of the wave continues up Colvos 
Passage and dissipates in central Puget Sound. A 0.2-m wave front reaches 
Commencement Bay 19 min after generation. This tsunami energy does not 
dissipate quickly, but sloshes back and forth between the shores of the study 
region (Fig. 6), starting inundation along the Port of Tacoma 30 min after 
generation. 

A second smaller wave front (0.4 m) travels up The Narrows due to 
reflected energy from Carr Inlet, Wollochet Bay, and Nisqually Reach ap­
proximately 30 min after generation (Fig. 11). This wave combines with the 
complicated wave activity within Dalco Pass, leading to a second minor wave 
(0.2 m) striking the Port of Tacoma 40 min after generation. The tsunami 
continues to dissipate within the region for 4 hr. 

Inundation Details 

The shores along Wollochet Bay and southern Titlow Park are inundated 
within 5 min of tsunami generation with maximum runups of 1 m (Fig. 5). 
Gig Harbor marina is inundated with 1.3 m vertical runups 12 min after 
generation. The promenade along the north side of Point Defiance Park and 
Point Defiance ferry terminal are inundated with a 1-m wave at the same 

http:aftergeneration(Fig.11
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Figure 11: Modeled tsunami propagation in Puget Sound from the Rosedale-dominant Tacoma Fault 
scenario. Snapshots are in 15-min intervals with wave heights in meters. 

time. The Tahlequah ferry terminal receives minor inundation and current 
speeds at both terminals are small (<0.3 m/s). 

Inundation at the Port of Tacoma begins 30 min after generation as 
tsunami energy builds up in the Puyallup River overtopping its banks. The 
region around the river is slowly flooded with average vertical runups of 
0.5 m (Fig. 12). This flooding starts to spill into Thea Foss Waterway 2 hr 
after the earthquake, just as another round of minor tsunami waves reaches 
the waterway. This causes resonant activity within the waterway that builds 
up, eventually overflowing the channel and causing minor inundation (0.3 m) 
along the Thea Foss esplanade 3 hr after the earthquake. The remaining 
waterways do not contribute to the inundation. 

6. Summary and Conclusions 

This project studied local tsunami inundation and regional propagation ef­
fects in the greater Tacoma and Gig Harbor region based on three mod­
eling scenarios simulating tsunamigenic earthquakes along the Seattle and 

http:m(Fig.12
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Figure 12: Modeled tsunami inundation in the study region from the Rosedale-dominant Tacoma Fault 
scenario. Snapshots are in 10-min intervals starting near the time of initial inundation at the Port of Tacoma. 
Wave heights are in meters. 

Tacoma faults. The results of this study (Appendix A) are being used to 
develop tsunami hazard maps for the area. 

The results show that a Mw 7.3 earthquake along the Seattle Fault would 
generate the most inundation at Tacoma and Gig Harbor. This conclusion 
is credible given that the Seattle Fault displaces a significantly greater vol­
ume of water than either Tacoma Fault model. Additionally, the deep East 
Passage acts like a one-dimensional channel allowing significant wave energy 
to reach the lower Puget Sound region. Both Tacoma Fault scenarios dis­
place less water and the wave series must travel through several shallower 
channels, causing significant energy dissipation before reaching the shores of 
Tacoma or Gig Harbor. 

All three scenarios cause inundation along the Port of Tacoma and Puyal­
lup River. However, the wave action causing the inundation is significantly 
different for the Seattle Fault scenario in that the initial wave overtops the 
port due to a high amplitude. The Tacoma scenarios cause inundation by 
overflowing the harbor waterways over time. 

Model results also show significantly high currents in the major marine 
transit channels and ports for all three scenarios. Tidal currents were not in­
cluded in the tsunami simulations but may add to the tsunami hazard. Mean 
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High Water is used as a background level for the inundation model, with the 
assumption that tides interact linearly with the propagating tsunami wave. 

This study provides a good first step toward analyzing the impact of 
tsunamigenic earthquakes within Puget Sound on Tacoma and Gig Harbor. 
However, this study does not consider tsunamigenic landslides that occur 
due to earthquakes or other mechanisms. Lower Puget Sound has a history 
of tsunamigenic subaerial and submarine landslides along the Puyallup delta 
and The Narrows (Fig. 1, Table 1). Slope stability maps also suggest a high 
probability of subaerial or submarine landslides within the study region. 
González et al. (2003) suggest that a deltaic submarine landslide associated 
with a major earthquake would produce a credible “worst-case” scenario for 
the study region. 

The results of this study led to recommendations for future research in 
tsunamigenic hazards within lower Puget Sound: 

•	 Research the inclusion of dynamic tidal interaction with the model. 

•	 Characterize the geometry of potential deltaic and non-deltaic land­
slides within the study region. 

•	 Review the tsunamigenic sources for the hazard every few years as 
new research adds to the understanding of the Seattle-Tacoma fault 
structures and their possible relationship. 
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Appendix A: Modeling Products 

Model results, metadata, and documentation were provided to the Wash­
ington State Division of Geology and Earth Resources and the Washington 
State Military Department Emergency Management Division, which are re­
sponsible for redistribution of these products. A list of the data series is 
provided in Table A1. All geospatial data are in ESRI ArcGIS© format 
with the following parameters: 

•	 Projection: State Plane Coordinate System Zone 5626 (Washington 
South) 

•	 XY Units: feet 

•	 Z Units: meters or meters/second 

•	 Horizontal Datum: North American Datum of 1983 

•	 Vertical Datum: Mean High Water 

Table A1: Product summary. 

Item Name	 Type 

0 Presentations, Product Report, Grid Report Documentation 
1 sea animation, tac animation, Animations of tsunami propagation and 

tacrd animation inundation 
2 DEMs, Legends, Shoreline, Timeseries sites, Geospatial data in ESRI ArcGIS© shapefile 

Model Grids, Source Scenarios or ASCII Raster format 
3 hi res images, low res images Images for use in maps or general 

distribution 
4 wa tacoma FGDC-compliant metadata 
5 tac timeseries Tsunami time series at selected points of 

interest 
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Appendix B: Data Credit 

NOAA National Geodetic Survey (2004): Vertical Geodetic Control Data. 
Silver Spring, Maryland. http://www.ngs.noaa.gov/ 

NOAA National Geophysical Data Center (2002): NOS Hydrographic Data­
base, GEODAS Version 4.1.18. Boulder, Colorado. http://ngdc. 
noaa.gov/ 

NOAA National Ocean Service (2004): Regional Water-Level Station Bench­
marks. Silver Spring, Maryland. http://tidesandcurrents.noaa. 
gov/benchmarks/ 

NOAA National Ocean Service Coastal Survey Development Laboratory 
(2004): VDatum Transformation Tool Version 1.06. Silver Spring, 
Maryland. http://nauticalcharts.noaa.gov/csdl/vdatum.htm 

Port of Tacoma: 2002 Topographic contours. http://www.portoftacoma. 
com/ 

U.S. Army Corps of Engineers (2001): Tacoma Harbor, Blair Waterway, 
and Hylebos Waterway Condition Surveys. Seattle, Washington. http: 
//www.nws.usace.army.mil/ 

U.S. Geological Survey EROS Data Center (1999): Seamless Data Distri­
bution System National Elevation Dataset. Boulder, Colorado. http: 
//seamless.usgs.gov/ 

U.S. Geological Survey (2001): Multibeam Mapping of the Major Deltas 
of Southern Puget Sound, Washington, Open-File Report OF01-266. 
Menlo Park, California. http://geopubs.wr.usgs.gov/open-file/ 
of01-266/ 

Washington State Department of Ecology (2001): Washington State Marine 
Shorelines. Olympia, Washington. http://www.ecy.wa.gov/services/ 
gis/ 
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http://nauticalcharts.noaa.gov/csdl/vdatum.htm
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U.S. GEOLOGICAL SURVEY— REDUCING THE RISK FROM VOLCANO HAZARDS
 

 ----­MMMMMooooouuuuunnnnnttttt RRRRRaaaaaiiiiinnnnniiiiieeeeerrrrr----­
          LLLLLeeeeeaaaaarrrrrnnnnniiiiinnnnnggggg tttttooooo LLLLLiiiiivvvvveeeee wwwwwiiiiittttthhhhh VVVVVooooolllllcccccaaaaannnnniiiiiccccc RRRRRiiiiissssskkkkk
 

Volcano

 Hazards 

Mount Rainier 

L LAVA FLOWS 

  ava is 
molten rock that flows or oozes 
onto the earth's surface. Mount 
Rainier consists largely of numerous 
lava flows interbedded with rock 
rubble. 

PYROCLASTIC FLOWS 

Pyroclastic flows are 

hot avalanches of 


lava fragments and gas 

formed by the collapse 

of thick lava 
flows and 
eruption 

columns. 

Explosive eruptions blast fragments 
of rock high into the air.  

Large fragments fall to the 
ground close to the 
volcano. Small fragments 
(ash) from 

TEPHRA
large 
eruptions can travel 
thousands of miles 

downwind. 

L   ahars are fast-moving slurries of 
volcanic rock, mud, and water that 

look and behave like 

LAHARS flowing concrete. 
They originate either 

from massive volcanic landslides 
or from surges of eruption-

generated meltwater.

U.S. Department of the Interior 

U.S. Geological Survey 

M
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WWWWWaaaaassssshhhhhiiiiinnnnngggggtttttooooonnnnn ssssstttttaaaaattttteeeee iiiiisssss  

  

 aaaaannnnn aaaaaccccctttttiiiiivvvvveeeee vvvvvooooolllllcccccaaaaannnnnooooo


    

  

rrrrreeeeeaaaaaccccchhhhhiiiiinnnnnggggg mmmmmooooorrrrreeeee ttttthhhhhaaaaannnnn 22222.....77777 mmmmmiiiiillllleeeeesssss

    

    

   (((((1111144444,,,,,444441111100000 fffffeeeeeeeeeettttt))))) aaaaabbbbbooooovvvvveeeee ssssseeeeeaaaaa llllleeeeevvvvveeeeelllll.....

  IIIIItttttsssss mmmmmaaaaajjjjjeeeeessssstttttiiiiiccccc eeeeedddddiiiiifffffiiiiiccccceeeee llllloooooooooommmmmsssss


  ooooovvvvveeeeerrrrr eeeeexxxxxpppppaaaaannnnndddddiiiiinnnnnggggg sssssuuuuubbbbbuuuuurrrrrbbbbbsssss iiiiinnnnn


   ttttthhhhheeeee vvvvvaaaaalllllllllleeeeeyyyyysssss ttttthhhhhaaaaattttt llllleeeeeaaaaaddddd tttttooooo


   

    

  nnnnneeeeeaaaaarrrrrbbbbbyyyyy PPPPPuuuuugggggeeeeettttt SSSSSooooouuuuunnnnnddddd..... UUUUUSSSSSGGGGGSSSSS


  rrrrreeeeessssseeeeeaaaaarrrrrccccchhhhh ooooovvvvveeeeerrrrr ttttthhhhheeeee lllllaaaaasssssttttt


  ssssseeeeevvvvveeeeerrrrraaaaalllll dddddeeeeecccccaaaaadddddeeeeesssss iiiiinnnnndddddiiiiicccccaaaaattttteeeeesssss


      ttttthhhhhaaaaattttt MMMMMooooouuuuunnnnnttttt RRRRRaaaaaiiiiinnnnniiiiieeeeerrrrr hhhhhaaaaasssss bbbbbeeeeeeeeeennnnn
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   LLLLLaaaaahhhhhaaaaarrrrrsssss aaaaarrrrreeeee ttttthhhhheeeee gggggrrrrreeeeeaaaaattttteeeeesssssttttt hhhhhaaaaazzzzzaaaaarrrrrddddd    

Mount Rainier (fig. 1) is an active 
volcano that is currently at rest between
eruptions. Its next eruption might 
produce volcanic ash, lava flows, or 
pyroclastic flows.  The latter can rapidly
melt snow and ice, and the resulting
meltwater torrent could produce lahars
(a word of  Indonesian origin that has 
come to mean volcanic mudflow) that 
travel down valleys beyond the base of 
the volcano to areas now densely popu­
lated. Lahars caused by large landslides 
can also occur during non­eruptive times– 
without the seismicity and other warnings
that normally precede eruptions.

FFFFFIIIIIGGGGGUUUUURRRRREEEEE 11111.....— View across Puyallup River valley 
toward Mount Rainier (Photograph by David 
Wieprecht, U.S. Geological Survey.) 

Lahars look and behave like flowing
concrete, and their impact forces destroy
most man­made structures.  At Mount 
Rainier, they have traveled 45­50 miles per 
hour at depths of 100 feet or more in 
confined valleys, slowing and thinning in 
the wide, now­populated valleys. 

At Mount Rainier, lahars are a greater 
hazard than other volcanic products such 
as lava and poisonous gases that have
been popularized by TV and film. Lava 
flows and pyroclastic flows are unlikely to 
extend more than a few miles beyond the 
National Park boundaries. Volcanic ash 
(tephra) will be distributed downwind, 80
percent of the time toward the east away
from large populations (fig. 2). 

The USGS, in cooperation with the 
University of Washington, monitors many
Cascade Range volcanoes, including
Mount Rainier, to detect precursors to

USGS Fact Sheet 034-02 
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eruptive activity. Mount Rainier last Probability of Tephra Accumulation 
erupted in the 19th century; one or 
more small eruptions from one of 
the summit craters produced local
ashfall. 

MMMMMooooouuuuunnnnnttttt RRRRRaaaaaiiiiinnnnniiiiieeeeerrrrr iiiiisssss ooooonnnnneeeee ooooofffff ttttthhhhheeeee 

mmmmmooooosssssttttt hhhhhaaaaazzzzzaaaaarrrrrdddddooooouuuuusssss vvvvvooooolllllcccccaaaaannnnnoooooeeeeesssss iiiiinnnnn 

ttttthhhhheeeee UUUUUnnnnniiiiittttteeeeeddddd SSSSStttttaaaaattttteeeeesssss 

Although Mount Rainier has 
erupted less often and less explosively in 
recent millennia than its neighbor,
Mount St. Helens, the proximity of 
large populations makes Mount Rainier 
a far greater hazard to life and 
property. 

1. The population at risk—More than 

WASHINGTON 

Seattle Wenatchee 

Tacoma 

Olympia Ellensburg 

Yakima 

Vancouver 

Mount 

Rainier 

150,000 people reside on the 
deposits of previous lahars. 

2. The size and frequency of lahars— 
During the past few millennia lahars
that have reached the Puget Sound
lowland have occurred, on average, 
at least every 500 to 1,000 years.
Smaller flows not extending as far as 
the lowland occur more frequently. 
If lahars of the future happen at
rates similar to those of the past,
there is at least a one in seven 
chance of a lahar reaching the Puget 
Sound lowland during an average 
human life­span. 

3. We may not have advance warning– 
USGS research shows that some 
lahars occur with little or no 
warning.  Our only warning could be 
a report that a flow is under way. 

PPPPPaaaaasssssttttt lllllaaaaahhhhhaaaaarrrrrsssss iiiiinnnnndddddiiiiicccccaaaaattttteeeee fffffuuuuutttttuuuuurrrrreeeee 

Geologists determine the size and
timing of past lahars and use this
information to indicate future hazard 
potential. For example, in figure 3, the 
areas inundated by the 2,300 year­old 
National Lahar in the Nisqually Valley,
and the 500 year­old Electron Mudflow 
in the Puyallup Valley are superimposed 
on all valleys surrounding Mount Rainier. 
They illustrate areas that could be
inundated if  flows of those sizes 
occurred in each valley. 

A lahar flowing downvalley from
Mount Rainier leaves a thick valley­
bottom deposit of  boulders and hard­
ened mud that may envelop stumps and 

1 in 5001 in 10,000 1 in 1,000 

FFFFFIIIIIGGGGGUUUUURRRRREEEEE 22222.....—————Map showing the annual probability that 
volcanic ash will be deposited to a thickness of 1/3 inch 
or more from an eruption of Mount Rainier. Volcanic 
ash, of this thickness or less, can cause disruption of 
ground and air transportation, and can cause damage 
to electronics and machinery. 

logs, forming a buried forest. Some of

the deposits can be traced upstream to

the volcano’s flanks, and all contain
 
volcanic fragments unique to Mount
 
Rainier. Geologists map the deposits

and determine the tree ages to learn
 
when the trees were engulfed and killed
 
by the lahar. Old­timers recall encoun­

tering huge buried stumps and logs when
 
plowing fields and digging wells. The
 
youngest such forest was buried about
 
500 years ago and uncovered during
 
excavations for new homes in the
 
Puyallup River valley.
 

LLLLLaaaaahhhhhaaaaarrrrrsssss fffffooooorrrrrmmmmm iiiiinnnnn ssssseeeeevvvvveeeeerrrrraaaaalllll wwwwwaaaaayyyyysssss 

Some of the largest lahars have 
originated by collapse of weakened rock
from the flanks of the volcano—a large
landslide known as a flank collapse.
During eruptions, molten rock is injected
into cracks of the volcano and solidifies 
as slabs of rock called dikes. The 
cooling magma releases gases and heat 
into groundwater, making it hot and 
acidic. The hot, acidic waters convert 
hard volcanic rock into soft, clay­rich 
rock by a process called hydrothermal 
alteration. When masses of water­rich 
rock collapse, they transform rapidly into 

a muddy slurry—a clay­rich (also 
called cohesive) lahar that is 
funneled into one or more sur­
rounding valleys. 

Sand­rich lahars, also known 
as noncohesive lahars, form during 
eruptions of Mount Rainier when 
hot pyroclastic flows melt snow 
and ice. (Mount Rainier supports 
more than one cubic mile of glacial 
ice—as much as all other Cascade 
Range volcanoes combined.)
Because sand­rich lahars occur 
during eruptive activity, they are 
likely to be preceded by events that
will warn of an impending erup­
tion, and thus of increased lahar 
potential.

Small lahars, traveling only a 
few miles, are caused by local 
avalanches of  rock debris, sudden
releases of  glacial meltwater, or
intense rainfall. These lahars occur 
many times each century.

New lahar deposits may get
redistributed downstream over a 

period of many years as the disrupted 
drainage network is re­established. 
Thus, valley­floor areas that were not 
inundated by the initial lahar deposits 
may suffer enhanced flooding and 
progressive burial by remobilized 
sediment (zone of post­lahar sedimenta­
tion in figure 3). 

WWWWWeeeeeaaaaakkkkkeeeeennnnneeeeeddddd rrrrroooooccccckkkkk aaaaannnnnddddd rrrrriiiiisssssiiiiinnnnnggggg 

mmmmmaaaaagggggmmmmmaaaaa cccccaaaaannnnn cccccaaaaauuuuussssseeeee ffffflllllaaaaannnnnkkkkk 

cccccooooollllllllllaaaaapppppssssseeeee 

Flank collapses can be triggered
when magma intrudes into a volcano and
destabilizes it, as happened at Mount 
St. Helens in 1980. 

A neighboring volcano—Mount 
Baker—produced flank collapses in the 
1840’s that were apparently triggered by 
steam explosions related to volcanic 
activity. Steam explosions at Mount 
Rainier could trigger flank collapses and
lahars with little or no advance warning.
Although many flank collapses occur 
during eruptive periods, it is possible for 
them to be triggered by earthquakes or
they may be the result of progressive 
weakening of the rock, saturation by 
groundwater and the continuing pull of 
gravity. 



     

  
  

FFFFFIIIIIGGGGGUUUUURRRRREEEEE 33333.....—Hazard zones for lahars, lava flows, and pyroclastic flows from Mount Rainier (Hoblitt and others, 1998; US Geological Survey Open-
File Report 98-428). The map shows areas that could be inundated if events similar in size to those of the past occurred today. Lahar hazard is 
not equal in all valleys. Puyallup Valley is the valley most susceptible to lahars caused by flank collapse. Risk to individual drainages will be 
refined as scientists learn more about the volcano. 
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ffffflllllaaaaannnnnkkkkk cccccooooollllllllllaaaaapppppssssseeeeesssss aaaaannnnnddddd rrrrroooooccccckkkkkfffffaaaaallllllllllsssss 

The west flank at the head of the 
Puyallup River valley has the greatest
potential for collapse because it has the 
largest area of weakened clay­rich rock 
remaining at high altitude. The east and 
northeast sides of the volcano can let 
loose large rockslides, such as that of
December 1963, because of fractures in
the ridges. 

OOOOOnnnnneeeee cccccooooollllllllllaaaaapppppssssseeeee cccccaaaaannnnn yyyyyiiiiieeeeelllllddddd lllllaaaaahhhhhaaaaarrrrrsssss iiiiinnnnn 

mmmmmuuuuullllltttttiiiiipppppllllleeeee vvvvvaaaaalllllllllleeeeeyyyyysssss 

Future lahars will follow river 
valleys that drain Mount Rainier.  Four 
of the five major river systems flow 
westward into suburban areas of Pierce 
County. These flow pathways are
mapped by the USGS (fig. 3), just as 
flood­inundation maps show the areas at
risk of flooding. Lahars occurring
during an eruption may affect valley
areas miles from the volcano, but a 
precursory warning should allow ample 
time for evacuation. 

A catastrophic flow will likely
spread into multiple valleys. The largest 
known flow entered all five drainages,
and most of  the known large flows have 
entered two or more. 

MMMMMooooonnnnniiiiitttttooooorrrrriiiiinnnnnggggg aaaaannnnnddddd eeeeemmmmmeeeeerrrrrgggggeeeeennnnncccccyyyyy 

ppppplllllaaaaannnnnnnnnniiiiinnnnnggggg aaaaarrrrreeeee ooooonnnnngggggoooooiiiiinnnnnggggg 

The USGS, in cooperation with the 
University of Washington, monitors the
state of the volcano and assesses 
hazards from volcanic activity. The 
lahar pathways mapped by the USGS
guide the hazard­area regulations of the
comprehensive land­use plan for local 
counties. The plan’s urban growth 
boundary and its proposed land uses in 
unincorporated areas are designed to 
minimize population growth, where 
possible, within hazard zones. 

Local, county, state, and federal 
agencies including the USGS have joined 
to develop a Mount Rainier volcanic
hazards response plan that addresses
such issues as emergency­response
operations and strategies for expanded
public awareness and mitigation of
volcanic hazard. 
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rrrrriiiiissssskkkkk 

Because of  the higher level of risk 
from lahars in the Carbon and Puyallup
River valleys, the USGS and Pierce
County Department of Emergency
Management have installed a lahar­
detection and warning system.  The 
system consists of arrays of five 
acoustic flow monitors (AFM’s) that
detect the ground vibrations of a lahar.
Computerized evaluation of data 
confirms the presence of a flowing lahar 
and issues an automatic alert to emer­
gency management agencies. Emer­
gency managers then can initiate
response measures such as evacuations. 
This system for automatic detection and
notification of a lahar reduces, but does
not eliminate, risk in the lahar pathways. 

LLLLLaaaaahhhhhaaaaarrrrr tttttrrrrraaaaavvvvveeeeelllll tttttiiiiimmmmmeeeeesssss aaaaarrrrreeeee ssssshhhhhooooorrrrrttttt 

The estimated time between 
detection of a lahar and its arrival in 
Orting is about 40 minutes.  Dispersed 
populations closer to Mount Rainier 
would be affected sooner. Time is short, 
and successful evacuation will depend on 

Mount Rainier 

is an active volcano... 

Reducing population growth 
in the paths of lahars, 
implementing a warning system, 
and planning and practicing 
evacuations can lower the 
potential loss of life and 
property during future eruptions 
and lahars. These actions can 
reduce the risk from lahars and 
provide a measure of safety for 
those who enjoy living, working, 
and playing in valleys 
surrounding Mount Rainier. 

detection of the approaching lahar,
effective notification of people at risk,
public understanding of the hazard, and
prompt response by citizens. 

Volcanoes often show signs that 
they are getting ready to erupt days to
weeks or months in advance. Scientists 
of the U.S. Geological Survey and
University of  Washington evaluate signs 
of unrest and look for increased seismic 
activity, increased emission of volcanic 
gases and swelling of  the volcano. 
When unrest is detected, scientists will 
increase monitoring efforts and notify
emergency management officials. 

WWWWWhhhhhaaaaattttt cccccaaaaannnnn yyyyyooooouuuuu dddddooooo????? 

Learn: Determine whether you live, 
work, or go to school in a lahar 
hazard zone.  Learn about all volcanic 
processes that could affect your 
community. 

Inquire: Ask public officials to advise
you about how to respond during any 
emergency. 

Plan: Develop an emergency plan with
your family so that you are prepared 
for natural hazards and emergencies. 

by C.L.Driedger and K.M. Scott 

Layout design and modification of 
graphics by Christine Janda. 
Original graphics by Lisa Faust 

For up­to­date information contact: 
U.S. Geological Survey

Cascades Volcano Observatory
1300 SE Cardinal Court, Suite 100 

Vancouver, WA 98683 

Telephone: 360­993­8900 

World Wide Web: 
http://vulcan.wr.usgs.gov 

or 
USGS Volcano Hazards Program 

http://volcanoes.usgs.gov 

This fact sheet supersedes Mount Rainier–Living 

with Perilous Beauty (Fact Sheet 065­97). 
See also Volcano Hazards from Mount 

Rainier, Washington (U.S. Geological Survey
Open­File Report 98–428). 
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