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1.1 Background 

Section 1 
Introduction 

Part I of this document, the Groundwater Investigation Report (bound separately), includes a 

description of the fieldwork tasks and the results from the groundwater investigation at 

Sites 32/33 performed during the summer of 1998, and from the additional groundwater and 

surface water sampling performed in December 1998. 

Part II of the document, the Focused Feasibility Study, includes an evaluation of a number of 

alternatives for remediation of contaminated groundwater. Part II also includes a description 

of the facilities and results associated with pilot tests (air sparging/ soil vapor extraction, dual

phase extraction) performed at the site during summer 1998. 

The document is being issued in this two-part format, rather than as two sequentially issued 

separate reports, to assist in expediting the selection and implementation of a remedial 

alternative for groundwater at Sites 32/33 . 

1.2 Purpose and Scope of Feasibility Study 
The purpose of this Feasibility Study (FS) is to develop and evaluate alternatives for 

remediation of groundwater at Sites 32/33 of the PCB Operable Unit. The significant body of 

information defining groundwater occurrence and the nature and extent of groundwater 

contamination provided from various investigations and reports issued since 1988, and in Part I 

of this document, formed the basis for the FS. The requirements of the existing Record of 

Decision and Consent Decree for the PCB Operable Unit, and in the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as implemented 

through various USEP A guidance documents, have also been addressed in developing and 

evaluating the alternatives. 

The scope of the FS includes the following: 

• 

• 

• 

Statement of the Cleanup Standards and definition of the Remedial Action Objective for 
groundwater at Sites 32/33. 

A description of, and summary of results from, pilot tests performed at the sites during 
summer 1998. 

A review and screening of available remedial technologies . 
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• Development and screening of site-specific remedial alternatives, including computer 
modeling simulations to estimate the effectiveness of the alternatives in meeting the 
remedial objective for the sites. 

• Presentation of opinions of probable cost to construct, operate, and maintain facilities, and 
to monitor performance, for each alternative. 

The response action objectives for groundwater are well defined in the existing decision 

documents for the PCB Operable Unit. For this reason and to expedite the decision-making 

process for groundwater, as agreed by the USEP A, this FS proceeds directly from an initial 

screening of a limited number of alternatives to a more "focused" comparative analysis of the 

alternatives using "the nine criteria" specified in USEPA guidance documents. 

RM1~ Inc. 
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Section 2 

Cleanup Standards 

The Consent Decree executed by the USEPA and Schlumberger Industries, Inc. (SII) (effective 

date August 27, 1992) for environmental remediation at the Crab Orchard National Wildlife 

Refuge (CONWR) near Marion, Illinois, includes a Scope of Work for Remedial 

Design/Remedial Action of the PCB Areas Operable Unit (PCBOU). The Scope of Work 

specifies Cleanup Standards for soil and sediment, groundwater, and surface water at the study 

sites comprising the PCBOU. The standards are based on the risk assessment as documented in 

the RI Report (O'Brien & Cere, 1988), which evaluated potential risk to human health and the 

environment. 

The Cleanup Standards for groundwater, excerpted directly from the Consent Decree Scope of 

Work, are as follows: 

"Before soil remediation begins, the groundwater at the study sites comprising the PCB 

Areas Operable Unit will be monitored to establish current concentrations of site-related 

contaminants. Groundwater at the remediated study sites, and groundwater and 

leachate at the containment unit will then be monitored during and after remediation of 

the sites. The monitoring results will be evaluated to see if any of the following levels of 

contaminants above naturally occurring background levels has [have] been exceeded in 

groundwater: 

1. any MCL or non-zero MCLG for carcinogens 

2. a cumulative, excess life-time cancer risk greater than 1.0 x 10·6; or 

3. any MCL, non-zero MCLG, or a hazard index of 1.0, for noncarcinogens. 

If, at any time following completion of the remedy, groundwater at a remediated study 

site exceeds any of the stated cleanup standards, the need for additional remedial work, 

as contemplated by Section VII of the Decree shall be evaluated. The risk assessment 

shall follow procedures established in the "Risk Assessment Guidance for Superfund 

Volume I Human Health Evaluation Manual" (RAGS) (EPA/540/1-89/02) or any 

amendments thereof. All of the assumptions used in the risk assessment calculations 

shall be subject to the review and approval by U.S. EPA prior to their use." 

The remedial alternatives that are developed and evaluated in this feasibility study, and the 

alternative ultimately selected for implementation, focus on attainment of the concentration

based Cleanup Standards (federal Primary Drinking Water Standards Maximum Contaminant 

RMT, Inc. 2-1 Crab Orchard Natwnal Wildlife Refugr: 
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Levels [MCLs] and non-zero Maximum Contaminant Level Goals) rather than risk-based 

cleanup goals. The MCLs for volatile organic compounds detected in groundwater at 

Sites 32/33 are listed in Tables 6-5 through 6-8 of the Groundwater Investigation Report (Part I 

of this document). 
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Section 3 
Remedial Action Objective 

As defined in the USEPA's RI/FS guidance (USEPA, 1988), remedial action objectives 

developed for a site are to consist of medium-specific or operable unit-specific goals for 

protecting human health and the environment. The objectives should be as specific as possible, 

but not so specific that the range of remedial alternatives that can be developed is unduly 

limited. 

As stated in the Record of Decision issued for remediation·of the PCB Operable Unit, the PCB 

remedial action, which has already been completed, was intended to accomplish the objective 

of restoring Sites 32/33 to an acceptable level of protectiveness for human health and the 

environment for all media at the sites, including groundwater. Therefore, the objective for 

further remediation of groundwater at Sites 32/33 will address the remaining groundwater 

quality requirements defined for the sites, specifically, the attainment of the chemical-specific 

Cleanup Standards for groundwater contained in the Consent Decree Scope of Work. 

The objective for further remedial action at Sites 32/33 is to mitigate the potential for further 

transfer of VOC residuals remaining within the unsaturated and saturated soil at the identified 

source areas into groundwater by reducing the mass of residual VOCs to the degree necessary 

to allow naturally occurring processes to approach the groundwater Cleanup Standards 

specified in the Consent Decree Scope of Work within a reasonable time period . 

RMT, Inc. 
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Section 4 

Remediation Pilot Tests 

Pilot testing of selected remediation technologies was conducted at Sites 32/33 by Fluor Daniel 

GTI (FDGTI) during the summer of 1998, in accordance with a workplan (FDGTI, 1998) 

approved by the USEP A. Because of differences in subsurface conditions, such as site 

stratigraphy and soil properties, depth to groundwater, and variations in concentrations of 

contaminants, separate pilot tests were conducted at each of the following source area 

locations: 

• Building I-1-2 

• Building I-1-23 

• Area 9 Repository 

Two remediation technologies were evaluated at each of the three locations: 

• Air sparging (AS) with soil vapor extraction (SVE) 

• Dual-phase extraction (DPE) 

• As stated in the approved workplan (FDGTL 1998), the purpose of the pilot tests was "to obtain 

hydraulic characteristics within [the] sand lens and to prove that vacuum extraction will be 

effective within the vadose zone at the areas of highest CVOC concentrations." As further 

stated in the workplan, "Pilot testing will be performed to identify hydraulic characteristics 

within the sand lens at each installed monitoring well and to determine if air sparging/vacuum 

extraction and dual phase vacuum extraction can be performed in the areas of highest CVOC 

concentrations." The objectives of the pilot testing were also to estimate the optimal areal 

extent of influence and the air and groundwater flowrates or CVOC recovery rates associated 

with the respective technologies at each of the locations. 

• 

AS/SVE and DPE pilot tests were conducted from July 13 to July 20, 1998. The pilot test wells 

were installed during a previous mobilization. At each site, one 4-inch-diameter DPE well, one 

4-inch-diameter AS well, three to four 2-inch-diameter monitoring points (MPs), and three 

2-inch-diameter SVE monitoring wells were installed in a similar fashion near existing 

groundwater monitoring wells (MWs). The pilot test well locations at each site are shown on 

Figures 4-1 to 4-3, and cross-sections showing the soil stratigraphy and well screen elevations at 

each site are shown on Figures 4-4 to 4-6. FDGTI' s pilot test well completion reports, 

construction field notes, and a pilot test well construction data table are included in 

Appendix A. 
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In general, a similar testing sequence was followed at each of the three locations, whereby the • 

DPE test was conducted the first day and the AS/SVE test was conducted on the second day. 

First an aquifer pumping test was conducted for 3 to 6 hours as the beginning of the dual-

phase extraction test, then a vacuum source was connected to the pumping well (the "DPE" 

wellL and the DPE test continued for an additional 5 hours. On the following day, the 

AS/SVE test was conducted, by inducing a vacuum on the extraction well (the "DPE" well) for 

approximately 2 hours, then injecting air into the AS well for the next 4 to 6 hours while 

continuing the SVE test. The only exception to this routine was at the Building I-1-23 site, 

where a separate, day-long aquifer pumping test was conducted before the DPE and AS/SVE 

tests were conducted. 

Water and air grab samples were collected during each test. These samples were informational 

in purpose and were not included in the pilot testing workplan. One grab sample of the well 

pump discharge collected during the DPE or pumping test in each area was analyzed for VOCs. 

One air sample during each DPE test and two air samples per SVE test were collected and 

analyzed for VOCs. The results of these samples, as reported by FDGTL are shown in 

Tables 4-1 and 4-2. The laboratory reports are included in Appendix B. 

The test results are described in the subsections below and are summarized in Table 4-3. 

FDGTI' s pilot test flow schematics, field data collection sheets, and field notes are included in • 

Appendices CD, and E, respectively. Calculations related to the pilot tests are included in 

Appendix F. 

4.1 Aquifer Pumping Tests 
An aquifer pumping test was performed in the Upper Sand by FDGTI at each of the three 

source areas. RMT analyzed the pumping test data for each of the tests. The results of these 

analyses are included in Section 4 of Part I of this report. 

4.2 Dual-Phase Extraction Tests 

4.2.1 Building 1-1-23 Source Area 

A DPE pilot test near Building I-1-23 was performed on July 15, 1998, 2 days after a day

long aquifer pumping test was completed at this location. The test began by pumping 

from the DPE well for an initial4 hours, and monitoring water levels at each of four 

MPs screened in the Upper Sand unit and located at distances ranging from 

approximately 8 to 34 feet from the DPE well (Figure 4-1 ). The well was pumped at 

6 gallons per minute (gpm). The drawdown of hydraulic head during this time was 

limited and ranged from 1.1 to 2.1 feet at the monitoring points. 
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The venturi vacuum system was connected to the OPE well after the initial4 hours, 

while groundwater pumping continued at the same rate (6 gpm) for the next 5 hours. 

Vacuum readings at the OPE well ranged from 126 to 218 inches water column (in. 

H20), and the air flowrate averaged 12 cubic feet per minute (cfm). No vacuum 

response was detected in any MPs or SVE wells, regardless of distance from the OPE 

well. This is due to the low permeability of the Upper Clay soiL the short vacuum test 

duration, and because the groundwater pumping duration was not sufficient to draw 

the water table down into the more permeable sand layer below. Potential blinding of 

the well screens caused by smearing of the clay across the borehole or screen surfaces 

during construction may also have contributed to the absence of any measurable 

vacuum response. 

Analysis of the grab sample of the well pump discharge collected during the test 

(Table 4-2) indicated PCE at 130 !J.g/L, TCE at 2,000 !J.g/ L, and cis-1,2-0CE at 200 !J.g/L. 

Vinyl chloride was not detected. 

Analysis of the air samples collected during the tests (Table 4-1) indicated total CVOCs 

at 524 parts per billion by volume (ppbv), while other VOCs were detected at 862 ppbv. 

Also, 1,1,2-TC-1,2,2-TFA (also known as Freon 113) was detected at 28 ppbv. It was also 

detected at 120,000 ppbv in the air sample collected during the OPE pilot test at the 

Building 1-1-2 area. The values for Freon 113listed for samples 146-0PVE-1-2, 147-

SPRC-1-2, and 148-SPRC-2-2 in the table provided by FOGTI (Table 4-1) each have an 

"R" flag, denoting that it was a "rejected value" (e.g., lab contamination), according to 

the footnote. 

Based on a groundwater pumping rate of 6 gpm, the total VOC recovery rate from the 

groundwater is estimated at 0.007lb VOCs per hour via pumping. The calculated VOC 

mass removal rate in the airflow, including Freon 113, is 0.0004 lb VOCs per hour. No 

radius of influence (ROI) can be estimated, since no vacuum response was recorded in 

any of the wells during the OPE and SVE tests. 

4.2.2 Building 1-1-2 Source Area 

A OPE pilot test near Building 1-1-2 was performed on July 17, 1998. The test began by 

pumping from the DPE well for an initial 6 hours, and monitoring water levels at each 

of four MPs screened in the Upper Clay and located at distances ranging from 

approximately 11 to 43 feet from the OPE well (Figure 4-2). The well was pumped at 6 

gpm. The groundwater surface drawdown in the MPs during this time was substantial; 

head levels in these wells dropped at a rate that was nearly equivalent to the drawdown 

in the OPE well. Orawdown in the MPs at the end of the pumping portion of the test 
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ranged from below the bottom of the well screen at MP-3 to 6.3 feet at MP-1. The OPE 

well had a drawdown of 20.7 feet before the vacuum source was connected to the well. 

The venturi vacuum system was connected to the OPE well after the initial6 hours, 

while groundwater pumping continued at 5 gpm over the next 5 hours. Vacuum 

readings at the OPE well ranged from 142 to 188 in. HzO and the air flowrate averaged 

11 cfm. Vacuum response was recorded in all MPs except in MP-1 (approximately 

43 feet from the OPE well), where the water level was not drawn down to the sand 

layer. No vacuum response was noted in any of the SVE wells, which are screened 

above the water table in the Upper Clay layer, regardless of their distance from the OPE 

well. This is due to the low permeability of the Upper Clay soil. Potential blinding of 

the well screens caused by smearing of the clay across the borehole or screen surfaces 

during construction may also have contributed to the absence of any measurable 

vacuum response. This indicates that, over the short duration of the tests, vacuum was 

propagated only in the sand layer when the water table was lowered sufficiently into 

that layer. This results in an "artificial" ROI of approximately 30 feet, that is conditional 

on sustained groundwater pumping. 

Analysis of the grab sample of the well pump discharge collected during the test 

(Table 4-2) indicated PCE at 31 J.tg/L, TCE at 230 J.tg/L, cis-1,2-0CE at 69 J.tg/L, and 

di-N-butylphthalate at 14 J.tg/L. Vinyl chloride was not detected. 

Analysis of the air samples collected during the tests (Table 4-1) indicated total CVOCs 

at 100 ppbv, while other VOCs were detected at 122 ppbv. Also, 1,1,2-TC-1,2,2-TFA 

(Freon 113) was detected at 120,000 ppbv. 

Based on a groundwater pumping rate of 6 gpm, the total VOC recovery rate from the 

groundwater is estimated at 0.001 lb VOCs per hour via pumping. The calculated VOC 

mass removal rate in the air flow, not including Freon 113, was approximately 0.0001lb 

VOCs/hr. The calculated VOC mass removal rate in the air flow, including Freon 113, 

was 0.033 lb VOCs per hour. 

As mentioned above, the ROI, which only exists in the sand layer during sustained 

pumping, is estimated at 30 feet. This distance corresponds to 1 percent of the 

normalized vacuum (normalized with respect to applied vacuum at the OPE well), 

extrapolated graphically using the best-fit line on a sernilog plot of normalized vacuum 

versus distance from the DPE well. No ROI in the clay layer was estimated since there 

was no measurable vacuum in the SVE wells. 
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4.2.3 Area 9 Repository Source Area 

A DPE pilot test at the Area 9 Repository was performed on July 19, 1998. The test 

began by pumping from the DPE well for an initial2.75 hours, and monitoring water 

levels at each of four MPs, located at distances ranging from approximately 9 to 35 feet 

from the OPE well (Figure 4-3). The well, which was screened in silt and clay of 

moderately low permeability, was pumped initially at approximately 0.3 gpm. The 

drawdown of hydraulic head in the MPs during this time was limited and ranged from 

0.03 to 0.6 feet. The DPE well had a drawdown of 13.69 feet before the vacuum source 

was connected to the well. 

Pumping stopped after 2.75 hours, and a pneumatic-activated groundwater pump was 

installed for the vacuum portion of the test. The venturi vacuum system was connected 

to the DPE well at about the 3.3-hour mark, and groundwater pumping resumed with 

the pneumatic pump, apparently at the same flowrate of approximately 0.3 gpm, for the 

next 4.5 hours. Vacuum readings at the DPE wellhead ranged from 227 to 240 in. HzO, 

and the air flowrate averaged 16 cfm. No vacuum response was detected in any MPs 

except in MP-1 (approximately 35 feet from the DPE well), where a vacuum of only 0.1 

to 0.5 in. HzO was measured after the vacuum source was connected for 1.5 hours. 

Based on the relatively low permeability of the soil and the lack of response in wells 

close to the vacuum source, the vacuum observed at MP-1 may be due to a preferential 

air flow pathway in the clay. This is supported by the air sparging test data, which 

show higher pressure readings in MP-1 than in other MPs closer to the AS well. No 

vacuum response was detected in the SVE wells. 

Analysis of the grab sample of the well pump discharge collected during the test 

(Table 4-2) indicated PCE at 120 !lg/L, TCE at 2,400 ~tg/L, cis-1,2-DCE at 3,300 !lg/L, 

and vinyl chloride at 17 fl.g/L. Other chlorinated and nonchlorinated VOCs totaling 

145 ~tg/L were also detected. 

Analysis of the air samples collected during the tests (Table 4-1) indicated total CVOCs 

at 248 ppbv, while other VOCs were detected at 45 ppbv. 

Based on a groundwater pumping rate of 0.3 gpm, the total VOC recovery rate from the 

groundwater is estimated at 0.0009lb VOCs per hour via pumping. The calculated VOC 

mass removal rate in the air flow was negligible due to the low concentrations and low 

air flowrate recorded. 

Based on the lack of vacuum response observed in the MPs (except for the slight 

response noted at MP-1), the ROI can be assumed to be much less than 9.5 feet, which is 

the distance between the DPE well and MP-3, the closest MP . 
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4.3 Air Spargin!ifSoil Vapor Extraction Tests 

4.3.1 Building 1-1-23 Source Area 

An AS/SVE test at the Building 1-1-23 source area was performed on July 16, 1998. A 

venturi vacuum source connected to the OPE welt and an air compressor connected to 

the AS welt were operated for 4 hours. Measurements of pressure (positive and 

negative), water levels, and dissolved oxygen were recorded in four MPs located 

between 5 and 24 feet from the AS well (Figure 4-1). The vacuum at the DPE well 

ranged from 271 to 278 in. H20 at an air flowrate between 7.5 and 10.8 cfm. No vacuum 

(negative pressure) response at any of the MPs was noted in the data. 

Compressed air was injected into the air sparging well at 21 to 30 pounds per square 

inch (psi) and at a flowrate between 1.8 and 4.7 cfm. During this time, bubbling was 

noted at the ground surface around the outer casing of monitoring well33MWC-21 

(Figure 4-1), apparently the result of air flow short-circuiting through the outer well seal 

materiat which prevented air flow /influence at MP-1. Moderately high positive 

pressure responses were noted 5 and 14 feet away at MP-4 and MP-2, respectively. In 

particular, the response at MP-4 appears to be significant (2,387 "units"), but the units 

used to record pressure on the data sheet are different from other wells, and the units 

• 

are not identified. However, the response does not appear to be uniform across the site, • 

because at MP-3 (12 feet from the AS well), the response was only 21 "units." A rise in 

groundwater head in each of the MPs during sparging appeared to be relatively 

uniform at the site. Water levels increased approximately 1.1 feet in the MPs located 12 

to 24 feet from the AS well, while at 5 feet from the well the water level increased by 

over 3 feet under the same air injection pressure and air flowrate. Increases in the 

dissolved oxygen (DO) concentrations were recorded at MP-4 and MP-2 only, where 

DO increased by about 5 ppm and 1 ppm, respectively, as compared with background 

values. 

Based on this information, the subsurface influence due to air sparging does not appear 

to be uniform across the site, likely due to well construction or possibly due to aquifer 

heterogeneities. Considering the data recorded and the possible well construction 

problems, the radius of influence for air sparging is estimated to be in the range of 10 to 

14 feet. 

Analysis of the air samples collected from the SVE exhaust during the tests (Table 4-1) 

indicated total CVOCs at 9,310 ppbv (TCE: 7,400 ppbv), while other VOCs (acetone, 

2-butanone, toluene, and chlorobenzene) were detected at 1,312 ppbv. 1,1,2-TC-1,2,2-

TFA (Freon 113) was detected at 28 ppbv. Some significant changes in air quality data 
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from the SVE system exhaust were observed during air sparging. One compound, 

cis-1,2-DCE showed a significant increase in concentration (751J.g/L to 700 !lg/L) after 

sparging for 4 hours. Three other compounds showed a significant decrease in 

concentration after air sparging. TCE decreased from 260 11g/L to below quantification 

limits (BQL); acetone decreased from 69 J..tg/L to BQL; and 2-butanone decreased from 

1,200 J..tg/L to BQL. Due to consistently low air flowrate and vacuum level recorded at 

the exh·action well, it is unlikely that these changes are directly related to air sparging, 

and instead are likely due to desorption of the VOCs from unsaturated zone soil. 

The calculated VOC mass removal rate in the SVE air flow (approximately 10.8 cfm) was 

calculated to be 0.0022lbsfhr. 

4.3.2 Building 1-1-2 Source Area 

An AS/SVE test at the Building I-1-2 source area was performed on July 18, 1998. The 

venturi vacuum system was connected to the DPE well and was operated for 2 hours. 

An air compressor was connected to the AS well and was then operated in conjunction 

with the vacuum source for an additional 6 hours. Measurements of pressure (positive 

and negative), water levels, and dissolved oxygen were recorded in four MPs located 

between 5 and 27 feet from the AS well (Figure 4-2) . 

The vacuum at the DPE well ranged from 165 to 188 in. H20. However, air flow from 

the extraction well was not recordable during any portion of the test except at the end of 

the test when approximately 6 dm was detected. Also, no vacuum (negative pressure) 

response at the MPs was noted in the data. 

The air sparging well injected air at 10 psi and at a flowrate of less than 2 cfm. Positive 

pressure responses in the range of 4.8 to 5.3 psi were noted 5 to 8 feet from the DPE well 

(MP-3 and MP-4). At MP-2 (19 feet from the AS well), the response was only 0.2 psi, 

and no pressure response was noted 27 feet from the DPE well at MP-1. A rise in 

groundwater head in each of the MPs during sparging appeared to be relatively 

uniform at the site. Water levels increased 0.5 to 0.7 feet in the MPs located 5 to 27 feet 

from the AS well. Dissolved oxygen increased from 1.2 mg/L or less to saturation 

concentrations (>11 mg/L) at MP-4 and MP-3 (5 to 8 feet from the DPE well), but 

remained unaffected at MP-2 and MP-1. 

Analysis of the air samples collected during the tests (Table 4-1) indicated that the 

concentration of total CVOCs was below detection limits, while other VOCs 

(2-butanone) were detected at 160 ppbv. 1,1,2-TC-1,2,2-TFA (Freon 113) was detected in 

the air sample at 8,900 ppbv. Except for a modest increase in the 2-butanone 
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concentration in air samples collected during the test, no changes in air quality data 

from the SVE system exhaust during the air sparging test were noted. The increase in 

2-butanone concentration can likely be attributed to desorption from unsaturated zone 

soil. 

The VOC mass removal rate in the air flow was calculated, based on the flowrate and 

total VOC concentrations (not including Freon 113) recorded, to be approximately 

0.00002lbs. VOCs/hr. The VOC mass removal rate in the air flow, including Freon 113 

is approximately 0.001lb VOCsjhr. 

Based on the lack of vacuum response observed in any MPs during the SVE test, the ROI 

can be assumed to be less than 5.5 feet, which is the distance between the DPE well and 

MP-4, the closest MP. Based on the increase in DO concentration and in positive 

pressure, the air sparge ROI is estimated to be between 8 and 19 feet. 

4.3.3 Area 9 Repository Source Area 

An AS/SVE test at the Area 9 Repository source area was performed on July 20, 1998. 

The venturi vacuum system was connected to the OPE well and was operated for 

2 hours. An air compressor was connected to the AS well and was then operated in 

conjunction with the vacuum source for an additional 6 hours. Measurements of 

pressure (positive and negative), water levels, and dissolved oxygen were recorded in 

four MPs located between 5 and 24 feet from the AS well (Figure 4-3). 

The vacuum at the OPE well ranged from 110 to 201 in. H20. Air flowrates ranging 

from 7.5 to 10.8 cfm were calculated from data recorded during the test. No vacuum 

(negative pressure) response at the MPs was noted in the data. 

The air sparging well injected air at 15 to 30 psi and at air flowrates ranging from 1.0 to 

4.9 cfm. Positive-pressure responses were noted at all MPs, but the magnitude of the 

responses is unclear because the units of measurement were not noted. It is worthwhile 

to observe, however, that the positive pressure response at MP-1, which is located the 

greatest distance away from the AS well, showed the greatest positive pressure, while 

the three closer MPs showed relatively uniform pressures, all of which were less than 

half the pressure recorded at MP-1. This suggests that short-circuiting between the AS 

well and MP-1 is occurring. The changes in groundwater head levels in each of the MPs 

during sparging were minimal. The two closest wells, MP-4 and MP-3, showed an 

increase of 0.21 and 0.23 feet, respectively. The level in MP-2 (17 feet from the OPE 

well) decreased throughout the test from 0.44 to 0.13 feet. The greatest increase, 
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0.56 feet, was at MP-1, the farthest MP from the AS well. There was a negligible 

increase in dissolved oxygen in each of the MPs, ranging from 0.22 mg/L to 0.39 mg/L. 

Analysis of the air samples collected during the tests (Table 4-1) indicated total CVOCs 

at 1,393 ppbv, while other VOCs (acetone, chlorobenzene, and 1,2,4-trimethylbenzene) 

were detected at 24 ppbv. Some significant changes in air quality data from the SVE 

system exhaust during air sparging were noted. In particular, TCE increased from 

230 1-1g/L to 1,300 1-1g/L after 6 hours of sparging. Vinyl chloride, trans-1,2-DCE, and 

acetone also showed moderate increases during this time, while cis-1,2-DCE showed a 

decrease from 44 1-1g/ L to BQL. The air flowrate and vacuum level at the extraction well 

seemed to change when air sparging was started. It is unknown whether these changes 

are the result of adjustments made to the SVE system by FDGTI or if they were a direct 

effect of air sparging. 

The calculated total VOCs mass removal rate in the air flow during the test is 0.0005lb 

VOCsjhour, based on the maximum recorded air flowrate (18.3 cfm) and VOC 

concentrations (1,417 ppbv). 

Based on the lack of observed vacuum response, the SVE ROI can be assumed to be less 

than 5.8 feet, which is the distance between the OPE well and MP-4, the closest MP . 

Based on the lack of significant changes in DO concentrations and the absence of 

positive pressure at the MPs, particularly at relatively high air injection pressures {up to 

30 psi), the air sparge ROI cannot be estimated with certainty, but it is likely to be less 

than 5.8 feet, which is the distance between the AS well and MP-4, the closest MP. 

Pilot Tests Conclusions 
Overall, the DPE and AS/SVE pilot tests showed that none of these technologies by themselves 

arc feasible or would be effective at subsurface remediation at any of the three source areas. 

Therefore, the objective of the pilot tests "to prove that vacuum extraction will be effective 

within the vadose zone," was not met. However, due to uncertainties regarding actual 

effectiveness of these technologies because of limitations of the design and operating methods 

used for the pilot tests, the application of portions of these technologies as a component of a 

remedial action for one or more of the CVOC source areas may still be appropriate. 

SVE alone is severely limited, given the low air-filled porosity of the Upper Clay unit and the 

relatively shallow groundwater table at the source areas. These limitations might be overcome, 

or at least improved, with a vacuum pump capable of higher vacuums, such as a liquid ring 

vacuum pump that is typically used with multiple-phase extraction (MPE) systems. OPE, as it 

was implemented in the pilot tests, was largely ineffective at Building I-1-23 and the Area 9 
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Repository, but was somewhat effective at Building 1-1-2. This is because the water table at that 

location was drawn down into the relatively thin Upper Sand layer, where vacuum and air 

flow was propagated through the permeable sand. 

The attempts to transfer CVOCs from the dissolved phase in groundwater within the Upper 

Sand unit into the gas phase via air sparging into the sand, and then to transfer the volatilized 

contaminants in the gas phase up through several feet of saturated Upper Clay, and to extract 

the contaminated soil vapor in a single SVE welt were unsuccessful. A cursory review of 

existing soil boring logs from drilling in the source areas would indicate the futility of this 

approach; compressed air blown into the Upper Sand unit will not flow upward through 

several feet of water-saturated day to a well screened only a few feet above the water table, 

regardless of the vacuum pressure applied to the well. The potential effects of the air sparging 

tests at each source area may have been the lateral spreading of the CVOC plumes into a larger 

area of the Upper Sand, and also possible inhibitory effects of the addition of oxygen into the 

groundwater on the anaerobic biodegradation of the CVOCs that was occurring in the source 

areas. For these reasons, air sparging into the Upper Sand at any of the Sites 32/33 source areas 

is not an advisable remedial approach. 

Multiple-phase extraction, also referred to as bioslurping, as defined by the USEPA, is "a 

• 

technology that uses a high-vacuum system to remove various combinations of contaminated • 

groundwater, separate-phase ... product, and ... vapor from the subsurface" (USEPA, 1997). 

This is typically done using one pump, e.g., liquid ring-type vacuum pump, to achieve 

extraction of multiple phases of contamination. It is expected that implementation of MPE 

instead of DPE would be more effective at all three sites. This is because the groundwater is 

pumped and vapors are extracted simultaneously with one high-vacuum pump from the soil 

zone that is targeted for cleanup. Also, a combination of extraction wells screened only in the 

Upper Sand (primarily to assist in dewatering the Upper Clay) and other wells screened only in 

the Upper Clay (to optimize vapor-phase CVOC removal from the clay as it is gradually 

dewatered), could enhance the effectiveness of MPE at all source areas. 
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Section 5 
Identification and 

Screening of Remedial Technologies 

The objective of this section is to identify specific technologies that may be appropriate to 

accomplish the remedial action objective. After a general discussion, these technologies are 

screened to eliminate those that are inappropriate for inclusion in specific integrated 

alternatives. The universe ofremedial technologies includes those that have been widely 

applied using standard construction and operating techniques, as well as those that have been 

recently developed for very specific remedial situations. Remediation of CVOC contamination 

of groundwater at Sites 32/33 is the focus of this feasibility study. Some additional remediation 

of soil at specific areas may be an additional component of the remedial action for the site, since 

CVOC residuals remaining within the soil provide a continuing source of dissolved CVOCs in 

the groundwater. Therefore, technologies for remediation of CVOC contamination of both soil 

and groundwater have been identified and screened. 

Technologies are grouped into four categories: containment, removal, treatment, and disposal. 

These categories correspond to individual potential response actions, and can be linked 

together to provide comprehensive remedial alternatives. In addition, institutional controls, 

such as fencing, deed restrictions, and monitoring, can be incorporated with any of the 

potential response actions. 

Identification of remedial technologies is provided in Subsections 5.1 through 5.4. This 

identification is based on the following: 

• A review of recent technical literature 

• A review of recent USEP A guidance documents 

• A review of USEPA S.I.T.E. program results 

• On-line remediation information database services 

• Discussions with commercial vendors of specific technologies 

• Field observations of specific technology applications, both through the S.l.T.E. program 
and private cleanups 

• Experience on similar projects involving remediation of CVOC contamination of soil and 
groundwater 
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A screening of those technologies that are appropriate for inclusion in specific remedial 

alternatives is summarized in Table 5-1. This screening is based on the criteria of 

"effectiveness" and "implementability." These criteria are used since they directly address the 

primary concerns about the appropriateness of a specific technology to site conditions, and site

specific questions related to implementation. 

5.1 Containment Technologies 
Containment can be used in conjunction with other remedial response actions or as a sole 

means of site stabilization. The containment alternative may address soil as well as 

groundwater at or downgradient of a CVOC source. In either case, it is essential to incorporate 

a well-designed post-closure monitoring program with the containment alternative. 

Subsurface barriers are used to isolate and contain soil with residual CVOC source material, 

and redirect or contain groundwater flow to minimize groundwater contact with this soil or 

with water that has leached through the contaminated soil from surface water infiltration. To 

control the groundwater head within or upgradient of such a barrier, pumping wells or 

subsurface drains are frequently used. To effectively control migration of constituents of 

concern within the groundwater, a perimeter barrier wall must be keyed into a confining layer 

of low permeability at its base, extend upward to an elevation above the groundwater level, 

and completely encompass the area of concern. Hydraulic containment does not address the 

actual removal of waste constituents. 

The Lower Clay is continuous over Sites 32/33, with a relatively uniform average thickness of 

40 feet. The top of the Lower Clay is present at depths of approximately 30 to 50 feet below 

ground surface over the site. The groundwater within the Lower Clay has not been 

significantly impacted by CVOCs. This clay unit would function adequately as a low

permeability confining layer to be used with vertical subsurface barriers to encompass and 

contain a zone of impacted groundwater within the Upper Sand and Upper Clay units. To be 

effective, an alternative that relied on groundwater containment would need to include a 

perimeter barrier wall, some portions of which would have to reach depths of 50 feet or more at 

some locations. 

A discussion of common groundwater containment options is presented below. 

5.1.1 Slurry Walls 

This technology involves excavating a trench to the depth of a confining base layer 

while adding a slurry into the excavation. The slurry generally consists of a 

bentonite/water mixture. The slurry holds the excavation open while creating a low-

• 

• 

permeability cake on the sidewalls of the trench. The wall is usually completed by • 
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backfilling with a soil/bentonite mixture. The effectiveness of slurry walls depends on 

the control of proper excavation procedures and proper proportioning and placement of 

the select backfill material. In addition to soil/bentonite mixtures, cement-bentonite 

mixtures have been used, or a synthetic membrane may be placed in the trench in a "U" 

configuration by filling it with a highly permeable sand material. With the synthetic 

membrane installation, observation wells may then be placed within the permeable 

sand material to detect infiltration and to determine the integrity of the synthetic 

membrane. 

5.1.2 Sheet Piles 

. This technology involves driving steel sheet piles around the perimeter of the area to be 

contained. The piles are driven until the tips reach and penetrate an underlying low

permeability layer. The sheet piling sections are usually not water-tight at the section 

joints. Recent advancements in the application of plastics for subsurface containment 

include construction methods to install sheets of high-density polyethylene (HOPE) 

with interlocking, water-tight sheet sections as vertical barrier walls around 

contaminated soil areas. 

5.1.3 Injected Screens 

This technology also includes driving steel sheet piles into the soil around an area of 

concern. The sheet piles are then subsequently extracted one at a time, and the resulting 

void is filled with a grout injected under pressure. 

5.1.4 Grout Curtains 

This technology involves drilling holes along the perimeter of the area to be contained 

until an underlying low-permeability layer is reached. The drill is then extracted, and a 

grout is injected under pressure through the drill holes. The drill holes are spaced along 

a line at distances such that the cemented zone of each grout hole overlaps the 

preceding zone. 

5.2 Removal Technologies 

5.2.1 Soil Excavation and Consolidation 

This technology involves the excavation of soil from an identified area followed by 

disposal or treatment of the soil. Excavation is technically considered a remedial 

technology for soil. It is included in this section for groundwater as a means of 
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removing contaminant mass from the source areas at the site, thereby minimizing the • 

potential for continued leaching of CVOCs to the groundwater. 

Excavation of VOC-contaminated soil is a readily implementable technology at this site, 

except for the source area(s) located beneath the Area 9 Repository. However, several 

factors that may affect the feasibility of this approach include the method of excavation, 

especially with respect to the required excavation depth; disposal options due to 

uncertainties regarding CVOC concentrations in the excavated material; the need to 

excavate beneath the groundwater table elevation; and uncertainties regarding the 

lateral and vertical locations of the CVOC residuals at each source area. Each of these 

issues has a direct bearing on the overall cost of the technology. 

It is possible to excavate to the range of depths that may be required at this site (up to 35 

to 40 feet bgs), but equipment with greater reach capability than that offered by a 

conventional tracked excavator (e.g., clamshells or draglines) would be required. 

Alternatively, sheeting or shoring could be installed to allow excavations at these 

depths with tracked excavators. However, at any of the CVOC source areas, excavation 

of soil that contains CVOC residual source material beneath the groundwater table 

would be necessary. If excavation to depths near the Upper Sand unit is needed, 

installation and operation of equipment for dewatering the soil and for treatment of the 

contaminated groundwater would be required. 

For dry materials, dust suppression may be necessary to reduce the release of airborne 

particulates. Water and/ or synthetic covers can be used as suppressants. Although 

little CVOC data are available for the soil, it is assumed that much of the excavated 

material would be classified as a toxicity-characteristic hazardous waste (40 CFR 261.24) 

based on the available data. This presents cost and administrative issues regarding 

transportation and disposal of the excavated soil. 

Finally, CERCLA includes a statutory preference for treatment of contaminants (as 

opposed to simply transferring contaminants from one location to another), making 

excavation and direct land disposal less acceptable than other technologies that provide 

treatment. 

In general, the technology would be viable and effective in minimizing the future 

transfer of concentrated CVOC residuals from soil into groundwater, assuming that all 

significant CVOC sources are located, and that the potential construction difficulties can 

be overcome. 
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5.2.2 Groundwater Extraction 

Extraction wells can be used to remove groundwater for treatment and/ or disposal. 

This technology can also be used to control hydraulic gradients in the vicinity of a 

source area, limiting the migration of constituents, or reducing flow through subsurface 

areas. Extraction wells are frequently used in conjunction with subsurface barriers to 

physically and hydraulically isolate contaminated soil areas. The spacing and sizing are 

determined by the extent of groundwater to be controlled and by aquifer properties. 

Extraction wells can be installed in a standard vertical configuration, or can be installed 

horizontally in preferential geologic units using relatively recent improvements in 

horizontal drilling technology. 

As an alternative, groundwater collection trenches can sometimes be employed. This 

technology serves the same general purpose as that of pumping wells- to remove 

impacted groundwater. Subsurface drains are generally limited to shallow depths, and 

thus may serve as a substitute for pumping wells in shallow aquifer conditions. 

Subsurface drains normally include a drain pipe or gravel bed, protective filter media to 

prevent clogging by fine particulate matter, manholes or wet wells for the collection of 

groundwater, and pumping equipment to remove the accumulated water. Drains are 

typically situated transverse to the direction of groundwater flow, and may be placed 

downgradient of contaminant source areas to collect groundwater, or upgradient to 

keep groundwater from coming in contact with contaminated soil areas. 

Usc of vertical or horizontal extraction wells would be feasible for capture and removal 

of contaminated groundwater at Sites 32/33. Collection trenches would not be practical 

for extraction of groundwater from the low-permeability Upper Clay. However, 

trenches could potentially be feasible for interception and extraction of groundwater 

from the Upper Sand at the shallower elevations. 

5.3 Treatment Technologies 
For soil and groundwater treatment, many new technologies are being introduced at various 

stages of development, and existing technologies are being applied in alternative ways. Unlike 

the more conventional technologies for containment and removal, treatment technologies (or 

process options) are frequently patented and proprietary, and available only through a limited 

number of vendors. In some cases, technologies exist at a "full-scale" stage of development, but 

have yet to be permitted by regulatory agencies for specific applications. In all cases, a 

treatment technology is specific to particular chemical compounds or classes of compounds . 
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5.3.1 In Situ Treatment 

Significant research, development and commercialization efforts have occurred in the 

1990s in the field of in situ treatment technologies for soil and groundwater. Many of 

these recently developed technologies, as well as other more proven in situ processes 

and equipment, are applicable to remediation of chlorinated solvent contamination. 

In situ technologies available today apply a wide range of biological, physical, and 

chemical processes and principles, often as part of an integrated remediation approach 

tailored to site-specific physical conditions that are encountered. Many companies offer 

specialty ey_uipment, chemicals, and services for field application of various 

technologies, often using proprietary and patented equipment and materials. A list of 

the types of m situ treatment technologies for soil and/ or groundwater considered for 

application at Sites 32/33 is presented below, using commonly accepted terminology in 

the environmental remediation field. Some examples of proprietary trade names or 

companies that utilize certain technologies are also listed: 

• Soil vapor extraction 

• Air sparging 

• Steam sparging (Steam Injection & Vacuum Extraction - SIVE) 

• Enhanced biological treatment, aerobic and anaerobic (M-1000"1
, Bio Luxing'"', 

• 

Biopim, Biolnjection, Anaerobic Biotransformation With Steam Injection, Mobile • 
Injection Treatment Unit- MITU®) 

• Chemical oxidation (Clean OX®, TR-DETOX, Oxy VAC™, Geo-Cleanse Process®, 
ISOTEC"', Mobile Injection Treatment Unit- MITU®) 

• Permeable reactive barrier walls (EnviroMetaF"') 

• Fracturing, pneumatic and hydraulic (Bio Luxing®, Pneumatic Fracturing Extraction 
- PFE@, Injection Vac™, FE ACTIVPM) 

• Phytoremediation 

• Electro-osmosis/ electromigration (Lasagna ™, Electro-Petroleum, Inc.) 

• In-well aeration (UVB™ wells) 

• In-well adsorption (RECLAIM'"') 

• Soil flushing (lnjecsol'"'; Bio Solver, Mobility Controlled Surfactant Flushing) 

• Thermal desorption, low and high temperature (Hrubout™, Six-Phase Soil Heating 
- SPSH"', Radio Frequency Heating Systems, EM/RF Heating, Electro Heated Dual 
Phase Extraction- EH/DPE"';, PCS Low Temperature Thermal Desorption, Mobile 
Injection Treatment Unit- MITU', Shallow Soil Mixing/Thermally Enhanced 
Vapor Extraction/Soil Vapor Extraction- WWM/TEVE/SVE) 

• Stabilization/ immobilization 
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• Vitrification (Vitriflux ™) 

A brief description of several of these and other technologies for soil and groundwater 

treatment is included in Table 5-2, which was excerpted from a USEP A document 

(USEP A, 1997). 

5.3.2 Ex Situ Treatment 

Soil 

After excavation of saturated or unsaturated soil contaminated with CVOCs or 

other organic compounds, several technologies are available for treatment, 

using many of the same biologicaL physical, and chemical processes discussed 

above that are often applied for in situ soil treatment. The technologies can be 

defined under the following general classifications: 

Biological treatment 

Chemical extraction 

Thermal destruction 

Thermal desorption 

Solidification/ chemical fixation 

Physical separation (preprocessing) 

Several of these technologies are described further in Table S-2. 

Groundumter 

Extracted groundwater often requires some form of treatment prior to 

discharge to surface water or to groundwater via subsurface injection, or for 

other forms of water reuse. Many types of groundwater treatment processes 

exist, and are based on proven wastewater treatment technology. Several 

common processes include the following: 

Biological treatment 

Carbon adsorption 

Air or steam stripping 

Precipitation/ flocculation/ sedimentation 

Reverse osmosis 

Ion exchange 
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Chemical oxidation 

Of these technologies, only biological treatment, carbon adsorption, stripping, 

and chemical oxidation are generally appropriate for treatment of CVOCs in 

groundwater. Some of these technologies are briefly discussed in Table s.-2. 

5.4 Disposal Technologies 

5.4.1 Soil Disposal 

Land disposal of both hazardous and nonhazardous soil or solids is a proven 

technology that has been used for many years. Excavated solids could be disposed in 

engineered off-site or on-site landfill facilities, although such options are only 

appropriate when waste volumes are limited. In either case, disposal must comply with 

the USEPA's regulations applicable to RCRA-regulated hazardous wastes if such wastes 

will be placed in disposal units. Off-site disposal may be discouraged because USEPA 

policy states that off-site transport and disposal without treatment is the least favored 

alternative where practicable treatment technologies are available. Both off-site and on

site disposal are discussed further below. 

RMT, Inc 

Off-Site Facility 

Excavation of material would be performed by a backhoe or other mechanical 

means. Excavated material would then be transported by licensed waste 

haulers to an off-site permitted disposal facility. Imported fill material would 

be required to backfill the excavated areas. This technology permits full future 

use of the site, if all areas of CVOC soil contamination that may present an 

unacceptable level of potential future risk of human exposure are identified 

with a high degree of certainty and are effectively excavated. Long-term 

management of the removed material would become the responsibility of a 

third party; however, the liability associated with the material remains that of 

the generator. 

On-Site Facility 

In contrast to excavation and consolidation, this technology could involve the 

construction of a completely new disposal facility on-site. A newly constructed 

landfill would have to meet applicable and relevant and appropriate land 

disposal design requirements. Sufficient land area must be available, and 

future land use would be restricted. 
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5.4.2 Groundwater Disposal 

Groundwater that is extracted via pumping wells or collection trenches can be disposed 

by one of the following options: 

RMT, Inc. 

Discharge to On-site Surface Water Drainage Swales 

This option is applicable to both treated and untreated groundwater, provided 

that both the quality and quantity meet the relevant and appropriate discharge 

requirements for surface water as regulated under federal and state standards. 

Sampling of the groundwater to be discharged would be required to determine 

its quality and to identify whether or not it meets the allowable discharge 

requirements. 

Discharge to POTW 

Discharge to a Publicly Owned Treatment Works (POTW) is applicable to both 

treated and untreated water, provided that the quality and quantity of the 

water meet the pretreatment requirements of the local regulatory agency or 

authority. The quantity allowed would likely depend on the capacity of the 

discharge system and the POTW. Sampling and analysis of the groundwater to 

be discharged would be required to determine its quality . 

Reinjection 

This option may be appropriate for disposal of treated groundwater. The 

reinjection of treated groundwater may serve as a means of hydraulic control in 

limiting the further migration of a plume, as well as in providing flushing of 

residual constituents from local soil. Extraction and injection wells can be sized 

and spaced based on aquifer properties for effective containment. This option 

would also depend upon regulatory approval of the reinjection system. 

Re-use 

In some site-specific situations, re-use of treated groundwater may be 

appropriate. Potential uses include process supply water for nonpotable 

industrial uses, irrigation, and potable use after polishing h·eatment and 

disinfection . 
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5.5 Technologies Suitable for Further Development 
A screening of technologies for soil and groundwater treatment is summarized in Table 5-1. 

Each technology was screened on the basis of effectiveness and implementability, and a 

determination was made of whether it is appropriate for application as part of a broader 

remedial alternative. These alternatives are presented in Section 6. 
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• Section 6 
Development and Modeling Simulations 

of Remedial Alternatives 

The purpose of this portion of the FS is to develop a range of remedial alternatives assembled 

from the appropriate individual treatment technologies identified in Section 5. The primary 

design concepts for each alternative are described, including the major system components and 

the intended performance objectives or effects of the alternative. Specific design details of the 

selected alternative will be determined during the design phase. 

Six alternatives were developed to address the CVOC source areas (Building 1-1-2, 

Building 1-1-23, and the Repository Area) and associated plumes. The alternatives arc 

identified and generally described as follows: 

• Alternative A- No Action 

• Alternative B - Monitored Natural Attenuation 

• Alternative C - Phytoremediation 

• • Alternative D- In Situ Enhanced Bioremediation 

• 

• Alternative E- Multiple-Phase Extraction 

• Alternative F In Situ Physical/Thermal Removal (Mobile Injection Treatment Unit
MlTUEJ) 

The primary components of these alternatives are summarized in Table 6-1. The design 

concepts for Alternatives C, D, E, and F as described in the following sections are shown on 

Figure 6-1. 

Each of the developed remedial alternatives was simulated using the calibrated contaminant 

transport model to compare the effectiveness of the various designs in limiting and reducing 

the extent of TCE and related compounds in the groundwater. The calibrated model can be a 

potent tool for comparison, because it quantitatively estimates the extent of contaminants in the 

groundwater over time for each of the remedial alternatives. However, because of the 

substantial uncertainties inherent in modeling remedial alternatives that have not been field

tested at the site, caution should be exercised in using these results. The results should be 

considered as a semiquantitative evaluation, and predicted concentrations should be 

considered more in a relative, rather than an absolute, sense. Nonetheless, within the limits of 

the model's assumptions, the contaminant transport model provides a useful means of 
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projecting the relative effectiveness of various remedial options in lowering contaminant 

concentrations in the groundwater. 

A 20-year time period following the start of remediation was selected for simulation. This 

period was chosen because it was long enough to reveal significant differences between the 

remedial alternatives as they become fully implemented, but was short enough to minimize the 

substantial computer run-time for each simulation. Also, it is commonly expected that a 

successful remedial measure will likely show significant effects within a 20-year time span. 

The model simulations attempted to realistically estimate the effectiveness of the remedial 

alternatives by estimating the percent reduction in source concentration. The estimated amount 

of this reduction was based on a review of case histories of the alternatives. Recognizing the 

uncertainty in the percent reduction estimates, a conservative approach was taken in assuming 

that the source concentration achieved by the remediation activity would remain constant for 

the 20 years of simulation, even though it is possible that some additional reduction could 

occur during the 20 years. 

The remedial alternatives that were selected for quantitative evaluation include no action, 

monitored natural attenuation, phytoremediation, in situ enhanced biodegradation, multiple

phase extraction, and in situ soil treatment using the Mobile Injection Treatment Unirtl. As 

discussed below, some decrease in TCE concentrations in the source areas of I-1-23 and I-1-2, 

caused by removal of CVOC-impacted soil during the PCB remedial action, was assumed to 

have occurred in all of the simulations that follow (see Table 6-2). The conceptual framework, 

model setup, and results for each simulation are presented below. Additional model output 

documentation for the remedial alternative simulations is presented in Appendix G. 

6.1 Alternative A - No Action 
Evaluation of a No-Action alternative is required by CERCLA guidance to provide a baseline 

against which other alternatives can be compared. The No-Action alternative consists of 

leaving the site in its present condition; that is, there is no work and no cost other than the costs 

for additional long-term monitoring of groundwater and surface water, as required under the 

ROD and Consent Decree. 

With respect to the modeling simulations, the No-Action alternative would be consistent with 

the results of the model simulation performed for the alternative that uses monitored natural 

attenuation to achieve the remedial action objective (Alternative B). 
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6.2 Alternative B - Monitored Natural Attenuation 

6.2.1 Design Concepts 

This alternative consists of regular, periodic monitoring of groundwater and surface 

water to assess the attenuation of contaminant plumes via natural chemicaL physical, 

and biological processes. The monitoring data are evaluated to determine whether the 

groundwater contaminant plumes are stable or receding, and the rate of change of the 

CVOC concentrations. Selected wells in each plume will be monitored for VOCs, as 

required for compliance monitoring, and also for other parameters that support lines-of

evidence for biodegradation of chlorinated solvents, such as nitrate, sulfate, iron, 

methane, ethane, ethene, dissolved oxygen, En, pH, chloride, DOC, and temperature. 

At each source area, several existing wells will be selected for periodic monitoring. 

These wells will best represent conditions at the following locations in the plumes: 

• One or two upgradient (or sidegradient) wells with no recorded impacts from 
historical sampling data 

• One well in or near the source area of the plume 

• Two wells in the plume, downgradient of the source area 

• One well in the general area where the groundwater discharges to surface water 

An estimated total of 15 to 18 monitoring wells would be sampled for the parameters 

listed above, semiannually for the initial 2 years of the remedial action, and annually 

thereafter. 

6.2.2 Simulation 

For this option, it was assumed that the future aquifer conditions and processes 

continue essentially unchanged from current conditions. Aquifer flow and transport 

parameter values remained identical to those in the calibrated model, with one 

exception: the values assigned to the constant concentration nodes at the 1-1-23 and 

1-1-2 source areas were decreased by 50 percent and 25 percent, respectively, in order to 

simulate an assumed depletion of TCE source material due primarily to soil excavation 

during the PCB remedial action. This assumption is based on the fact that an extensive 

amount of PCB-impacted soil was excavated from the source areas near Buildings 1-1-23 

and 1-1-2, and it is likely that this soil contained significant amounts of TCE and other 

CVOCs, based on analyses of soil and groundwater samples collected in the soil 

excavation areas. During sensitivity testing, an extremely conservative (and probably 

unrealistic) assumption that no CVOCs were removed during the PCB soil removal 

action was made; the results of model runs using this assumption indicate that the 
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relative effectiveness of one remedial option versus another would not change. These • 

results are discussed further in Subsection 6.7. 

The assumption that only 50 percent and 25 percent of the source material was removed 

from the I-1-23 and I-1-2 source areas, respectively, is based on a conservative 

assessment of the extent of the source material (based on soil and groundwater data) 

relative to the amount of soil that was removed at each location, with an additional 

conservative "contingency factor." The PCB-impacted soil was treated in a temporary 

on-site Thermal Treatment Unit, or placed directly into the Repository, depending on 

the PCB concentration of the excavated soil with respect to specified action levels. It is 

assumed that the soil removal depleted a substantial percentage of the mass of CVOCs 

in the source areas, although insufficient data were collected during the PCB remedial 

action to quantify the mass of CVOCs removed or remaining in the outlying source 

areas soil. No change in CVOC concentrations was assumed in the Repository source 

area nodes, as a conservative assumption to account for the possibility that some 

leachable CVOC residuals remained in the Category 1 soil and sediment placed in the 

Repository. 

The results of the simulation are shown on Figure 6-2. For clarity, only the area 

containing the 1-1-23 plume and the Repository plume is shown on Figure 6-2. The 

results indicate that due to soil removal in the source areas during the PCB remedial 

action, and continued natural attenuation, concentrations in the groundwater would 
decrease slowly. At the end of 20 years, the model indicates that the 2,000 J..Lg/L TCE 

contour for the I-1-23 plume would lie south of the Northern Access Road at the site (see 

Figure 6-2) (see Figure 6-1 for location of the Northern Access Road). Concentrations at 
a point just south of Crab Orchard Lake would decrease from more than 600 J..Lg/L to 

less than 500 ~tg/L (see Figure 6-3). The total mass of TCE in the aquifer, over all of 

Sites 32/33, both in the dissolved and the sorbed phase, would decrease from 

approximately 1,500 kg to below 1,000 kg (see Figure 6-4). 

6.3 Alternative C - Phytoremediation 

6.3.1 Design Concepts 

Fast-growing and deep-rooted hybrid poplar trees take-up relatively large quantities of 

groundwater and transpire many CVOCs at a relatively high rate, thereby oxidizing 

significant amounts of CVOCs to carbon dioxide and water. Field demonstration sites 

have confirmed the ability of these trees to nearly eliminate the movement of TCE in 

shallow groundwater passing beneath a barrier of densely planted poplars. 
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For this alternative, hybrid poplar groves would be planted in each of the areas shown 

as Alternative Con Figure 6-1. Areas 1, 2, and 3 as identified on this figure show poplar 

groves planted in the source areas, while Areas 4 and 5 show poplar groves at the 

downgradient areas of the I-1-23 and Repository Area plumes near the surface water 

discharge locations. The objectives of the groves in Areas 1 and 2 are to take-up and 

transpire CVOCs within approximately the top 10 feet of the subsurface, and also to 

minimize water infiltration through these source areas. The grove shown at Area 3 (on 

top of the Repository) is designed to cut off water infiltration into the Repository waste 

material and subsequently into the native soil and groundwater below. The groves at 

Areas 4 and 5 are intended to provide some hydraulic control of the plume at its 

downgradient extent, thereby reducing concentrations of CVOCs in the groundwater 

before it discharges to the lake or swale. The design also includes using existing trees 

and plants in the area on the eastern side of Highway 148 (downgradient of the source 

area near Building J-1-2) to reduce the mass of dissolved CVOCs remaining in the 

saturated soil prior to groundwater discharge to the intermittent stream. Due to its 

relatively low cost and effectiveness, as well as its environmental and aesthetic benefits 

at the Refuge, the groves at Areas 4 and 5 are also included as a component of each of 

the remedial alternatives that follow (D, E, and F), and are referred to as "limited 

phytoremediation." 

6.3.2 Simulation 

Simulation of this phytoremediation alternative was intended to test the effectiveness of 

utilizing hybrid poplar trees to attenuate TCE in the source areas and discharge areas at 

the downgradient ends of the plumes. The poplar trees withdraw a substantial amount 

of water from the soil, and can remove it from both the unsaturated zone and from the 

water table. After reviewing the existing literature on the water uptake rates by hybrid 

poplar trees, a conservative value of 500,000 gallons of water per acre per year from the 

saturated zone was simulated. The estimated acreage of the areas to be planted with 

hybrid poplar trees was calculated, and a water removal rate was then simulated in the 

model using an equivalent number and configuration of "pumping wells" distributed 

across the affected areas. 

Depending on the node spacing in each area, the rates of pumping for each "well" were 

calculated so the correct amount of water removal was simulated. Because the model is 

a saturated zone (groundwater) flow and transport model, the water was removed from 

the saturated zone, along with the corresponding TCE concentration in the groundwater 

at the time of removal. For simplicity, it was assumed that water uptake by the poplar 

trees was continuous and at a constant rate after an initial growth period of 3 years. 

Although actual uptake by the trees would vary seasonally, the assumption of a 

RMT, Inc. 
I. I~ VPMSNI f'/1\ 00-04781 I OJ I R00047H10l-004.DOC 7/ll/fJO 

6-5 Crab Orchard National Wildlife Refuge 
Remswn 1, January 2000 



constant rate is not considered to have a significant effect over the 20-year period of 

evaluation. 

The results from this simulation are shown on Figures 6-3, 6-4, and 6-5. The results 

indicate the TCE concentrations in the plumes would decrease substantially over 

20 years, with the 2,000 J..lg/L contour of the 1-1-23 plume retreating back to 

approximately 400 feet south of the Northern Access Road at the site. The concentration 

of TCE in groundwater in an area just south of Crab Orchard Lake would decrease from 

over 600 J..lg/L to approximately 200 J..lg/L (Figure 6-3). The model results indicate that 

the total mass of dissolved and sorbed TCE in the aquifer over all of Sites 32/33 would 

decrease from approximately 1,500 kg to 600 kg over the 20-year simulation period 

(Figure 6-4). 

6.4 Alternative D - Enhanced Bioremediation 

6.4.1 Design Concepts 

The anaerobic biodegradation of PCE and TCE can occur by a process known as 

reductive dehalogenation. This process consists of reduction of an electron acceptor 

(PCE or TCE in this case) by the replacement of a chlorine atom with a hydrogen atom, 

and the concurrent oxidation of an electron donor (organic substrate). Lactate, as an 

electron donor, has been shown to stimulate and support reductive dehalogenation of 

PCE and TCE. Lactate is relatively innocuous and is often selected over other electron 

donor materials, such as methanol, acetate, and propionate. 

The approach is to mix a dilute solution of lactate (and trace nutrients via yeast extract) 

and introduce it into the aquifer by gravity or pressure injection wells and infiltration 

galleries. Because this process requires reducing conditions to be effective, a commonly 

used chemical reducing compound, such as sodium sulfite, may be added to the 

solution to remove dissolved oxygen and create strongly reducing conditions in the 

zone of treatment. 

The enhancement process would be monitored in existing and new monitoring wells by 

the analysis of field and laboratory parameters. 

Introduction of the lactate solution would occur by direct injection into wells screened 

in the Upper Sand layer at the Building 1-1-2, Building 1-1-23, and Repository Areas 

(including below the Repository and in the area south of the Repository) and into the 

Upper Clay layer via infiltration galleries constructed above the source areas at 
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Building I-1-2, Building I-1-23, and south of the Repository. No infiltration gallery 

above the Repository is proposed. 

Six injection wells are proposed at the Repository, while three injection wells are 

proposed for each of the other areas (Building I-1-2, Building I-1-23, and south of the 

Repository). Injection of the lactate solution would occur on a quarterly basis in each of 

the 15 injection wells for a period of 2 years (eight total rounds of injection). The 

volume of solution injected per well varies based on the thickness of the Upper Sand 

layer, and would likely range from approximately 8,000 gallons at Building I-1-2 and the 

Repository to approximately 25,000 gallons at the south Repository area, to 

50,000 gallons at Building 1-1-23. 

Infiltration would occur using infiltration galleries with approximate dimensions of 

150 feet by 200 feet by 4 feet deep. Each gallery would be backfilled with 3 feet of 

washed stone, and a 1- to 2-foot-thick soil grading layer, graded to provide positive 

drainage away from the footprint of the gallery. A high-density polyethylene liner 

would be placed over the grading layer to prevent oxygenated rainwater from entering 

the infiltration gallery, and to help reduce oxygen transfer from the atmosphere into the 

soil due to natural barometric pressure variations . 

Each gallery would be charged initially with approximately 225,000 gallons of the 

lactate solution. The solution would be maintained at a constant head in the gallery 

(approximately 2 feet below ground surface) by a system consisting of a groundwater 

recovery pump, level controls in the gallery and recovery well, storage tanks for 

substrate and deoxygenating chemical, and a solution metering pump. When the head 

in the gallery decreases to below 2 feet bgs, the groundwater pump would automatically 

turn on, supplying water with low dissolved oxygen that would be mixed with the 

appropriate dosage of lactate, trace minerals, and sodium sulfite, if needed. The mixing 

would take place in-line by injecting the chemical with a metering pump designed to 

operate only when the groundwater pump operates. According to infiltration estimates 

based on the data currently available, the infiltration rate for each gallery would be 

approximately 2,000 gallons per day at each of the three galleries. 

This alternative also includes "limited phytoremediation" as described in 

Subsection 6.3, as well as monitored natural attenuation and compliance monitoring. 

6.4.2 Simulation 

Enhanced bioremediation in the source areas was simulated, in conjunction with 

phytorcmediation in the downgradient discharge zones. In this alternative, enhanced 
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biodegradation was focused in the source areas of the I-1-23, I-1-2, and the Repository • 

Area CVOC plumes. Review of the literature indicates that the rate and degree of 

contaminant removal with enhanced bioremediation varies widely. It was assumed that 

bioremediation would remove 75 percent of the contaminant concentration in the source 

nodes in model Layer 1, but that some of the TCE would remain there as small 

concentrated pockets of solvent blebs or ganglia, representing a continuing, but 

depleted source. This effect was simulated by progressively decreasing the 

concentration of the constant concentration nodes to an overall 75 percent over 4 years, 

and then holding the concentration constant (at the 75 percent reduced concentration 

value). For the Repository, no enhanced bioremediation treatment of model Layer 1 (the 

Upper Clay unit) was assumed because difficulties in treating the thick layer of low-

permeability soil contained within the Repository would make it impractical; instead, 

the enhanced bioremediation was simulated in model Layer 2 (the Upper Sand unit), 

based on the conceptual design described in Subsection 6.4.1. 

Injection of nutrients into the Upper Sand unit at the source areas to enhance the 

bioremediation of that unit was also simulated with the model for the 1-1-23 and I-1-2 

plumes, as well as the Repository. For model Layer 2 (the Upper Sand), the approach 

used was to adjust the TCE biodegradation half-life value for the source areas, to range 

from 1 month to 8 months, in four successive zones downgradient of the source areas . 

The areas of enhanced biodegradation in the Upper Sand were assumed to extend for 

approximately 300 feet downgradient of the injection points. This distance corresponds 

to the approximate distance groundwater travels in a year in the Upper Sand unit. 

The design for this remedy entails nutrient additions for 2 years; however, the enhanced 

biodegradation effects were simulated for 3 years in the Upper Clay unit, where the low 

permeability would tend to keep the nutrients present for a longer period of time after 

nutrient additions ended. For the Upper Sand unit, the effects of enhanced 

bioremediation were assumed to last only 2 years, because the higher permeability of 

this unit would cause the nutrients to be flushed out relatively quickly after additions 

ended. 

The results of the simulation are shown on Figures 6-3, 6-4, and 6-6. After 20 years, the 
model predicts that the 2,000 f.lg/L TCE contour on the plume map for the I-1-23 plume 

would have receded to approximately 600 feet south of the northern access road at the 

site (Figure 6-6). The total dissolved and adsorbed mass of TCE in the aquifer over all 

of Sites 32/33 would have been reduced from 1,500 kg to less than 400 kg (Figure 6-4). 

The concentration of TCE in groundwater at the area of groundwater discharge to the 
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lake and to the East Swale is predicted to decrease to below 150 ~--tg/L over the 20-year 

simulation period (Figure 6-3). 

Alternative E- Multiple-Phase Extraction 

6.5.1 Design Concepts 

Multiple-phase extraction (MPE) is an in situ technology that uses a single, high-vacuum 

pump to extract liquid and vapor simultaneously from the subsurface. Extracted liquid 

and vapor are treated and disposed, or discharged. The vacuum applied to the 

subsurface with MPE systems creates vapor-phase pressure gradients toward the 

vacuum well. These vapor-phase pressure gradients are also transmitted directly to the 

subsurface liquids, which will flow toward the vacuum well in response to the imposed 

gradients. The higher the applied vacuum, the larger the hydraulic gradients that can 

be achieved in both vapor and liquid phases, and thus, the greater the vapor and liquid 

recovery rates. 

Several extraction wells can be connected to a single high-vacuum pump, usually a 

liquid-ring vacuum pump capable of over 400 inches water column (in. 1-hO), or 

29 inches mercury (in. Hg) vacuum. In each well, an extraction tube (also known as a 

"spear" or "stinger pipe") is installed with its tip at the elevation to which drawdown of 

the groundwater is to occur. The extraction tubes are connected to the vacuum pump 

via manifold piping. This configuration differs from that of dual-phase extraction (DPE) 

in that DPE uses a submersible pump in each well to create drawdown of the water 

table, while vacuum is induced at the well by separate vapor-only piping that is 

manifolded to a vacuum blower. The vacuum blowers used in DPE applications are 

typically not expected to extract groundwater by vacuum lift pumping. For this reason, 

a different type of vacuum blower is used (usually either a regenerative or a positive

displacement type) that is capable of higher flow, but has only about half of the vacuum 

capability of a liquid-ring pump. MPE is therefore preferred over DPE in lower 

permeability formations, such as the Upper Clay at this site. 

At each of the source areas, a combination of vertical and horizontal wells will be 

installed. Two horizontal wells will be installed using directional drilling techniques at 

the bottom of the Upper Sand layer at each source area. Conventional vertical 

extraction wells will also be installed in the Upper Clay layer only. Based on trial runs 

using the calibrated groundwater flow model to estimate optimum pumping 

configurations, 25 vertical and 2 horizontal extraction wells would be installed at the 

Building I-1-2 area; 20 vertical and 2 horizontal extraction wells would be installed at 

the Building 1-1-23 area and also at the South Repository area; and 44 vertical and 
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2 horizontal extraction wells would be installed at the Repository. All vertical wells • 

would be constructed of nominal 2-inch-diameter PVC pipe, while the horizontal wells 

would be constructed of nominal 4-inch-diameter HDPE pipe. 

The extracted groundwater would be treated using tray-type air stripping units and 

granular activated carbon, and subsequently discharged to the drainage swale nearest 

the particular source. Vapors recovered via the liquid-ring pump and those generated 

in the air stripping process would be treated using granular activated carbon, as needed, 

exhausted to the atmosphere. 

At the Building I-1-2 area, a complete multiple-phase extraction and groundwater 

treatment system would be installed in a new, separate treatment building. 

At the Repository area, a larger extraction system, likely consisting of multiple liquid

ring pumps, would be connected to the wells at the Repository and those in the South 

Repository area. Extracted groundwater would be treated in an air stripping unit of 

similar design, but of larger capacity than the unit at Building I-1-2. The treatment 

system would discharge to the East Swale. 

At the Building I-1-23 area, only an extraction system (liquid-ring pumps) would be 

installed in a smaller, separate building. The groundwater extracted from that area 

would be pumped to the treatment system in the Repository /South Repository area. 

6.5.2 Simulation 

The effects of multiple-phase extraction of groundwater and soil vapor in the source 

areas was simulated, in conjunction with phytoremediation in the groundwater 

discharge zones. With this scenario, multiple-phase wells would be placed in the Upper 

Clay unit in the CVOC source areas of Buildings I-1-23, 1-1-2, and the Repository. In 

addition, horizontal wells installed into the Upper Sand unit beneath the source areas of 

1-1-23, 1-1-2, and the Repository were simulated. 

The multiple-phase wells would be screened over both the saturated and unsaturated 

portions of the Upper Clay. A relatively dense network of multiple-phase wells is 

envisioned that would effectively capture groundwater and soil vapor over the source 

areas. The sizes of the source areas that were covered with multiple-phase wells in this 

simulation were 70 x 100 feet for 1-1-23,80 x 80 feet for 1-1-2, and 60 x 150 feet for the 

Repository. This effect was simulated with constant concentration nodes in model 

Layer 1 set to 0 11g/ L TCE in the source areas during the 2 years of operation of the 

wells. After 2 years, it was assumed that the constant concentration nodes would retain 

• 

20 percent of the original concentration (before multiple-phase extraction was begun) • 
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due to residual TCE that could not be removed, and that served as a continuing source 

of CVOCs entering the groundwater. 

The horizontal wells set in the Upper Sand unit (model Layer 2) were also simulated for 

2 years of operation. These wells were simulated as DRAIN nodes in Modflow. This 

avoids constraining the pumping rates to an arbitrary value, and allows withdrawal of 

only as much water as the formation will yield, while maintaining reasonable head 

levels in the wells. Pumping of groundwater from the multiple-phase wells was 

simulated for 2 years, at a conservative (low) rate that drew down the water table but 

did not allow the nodes to go dry. This approach is conservative, in that higher rates of 

pumping could likely be achieved, but cannot be readily simulated due to difficulties in 

simulating "dry" nodes. 

If the actual hydraulic conductivity value of the Upper Sand unit at each source area is 

found to be significantly lower than the value used in the model, the cost of the required 

horizontal groundwater extraction well design and construction would increase 

slightly. However, these increased costs would not significantly affect the cost 

comparison of this remedial alternative with respect to the other alternatives. 

The results of this simulation are presented on Figures 6-3,6-4, and 6-7. As seen on 

Figure 6-7, the plume after 20 years is predicted to have decreased substantially in size 

and concentration, such that the 2,000 11g/L TCE contour has receded back almost to the 

source areas. The model predicts that the TCE concentration in the groundwater near 

the lake would be reduced from over 600 ~tg/L to approximately 60 ~tg/L, over the 

20-year time period simulated. The total dissolved and adsorbed mass of TCE in the 

aquifer over all of Sites 32/33 is predicted to decrease from 1,500 kg to 200 kg over the 

same time period. 

6.6 Alternative F- Mobile Injection Treatment Unit (MITU) 

6.6.1 Design Concepts 

This alternative involves a modified in situ process for soil excavation and mixing with 

hot air injection to thermally desorb solvents from the source areas soil. The solvents 

are transferred from the soil matrix to a gaseous matrix. The vapors generated are 

captured and treated by carbon adsorption for subsequent off-site management, or 

treated on-site using portable thermal oxidizer equipment. This process would be 

accomplished using a modified rock trenching machine called the Mobile Injection 

Treatment Unit or MITU®, patented by a remediation contractor, CBA Environmental 
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Services, Inc., of Hegins, Pennsylvania. Manufacturer's information describing this 

equipment is included in Appendix H. 

The MITU® is capable of deep subsurface treatment operations to a maximum of 30 feet 

below ground surface, while simultaneously performing soil treatment and backfill 

operations using the same machine. The soil is excavated and transported through up 
to three on-board treatment chambers, where hot air (1,100°-1,700°F) is injected to 

desorb and destroy solvents. A vacuum blower that recovers the generated vapors is 

connected to the treatment chambers. The solvents that are not destroyed are recovered 

in on-board granular activated carbon canisters for off-site disposal, or treated in a 

separate oxidizer, as noted above. 

The MITU~ operates most efficiently on unsaturated soil, so the source areas receiving 

treatment would require a dewatering operation. The groundwater recovered during 

dewatering would likely require treatment prior to discharge, and this would be 

addressed with a mobile air stripping unit and liquid-phase granular activated carbon, 

if needed. Dewatering also provides beneficial removal of a limited mass of dissolved 

CVOCs in the groundwater pumped from each source area. 

Predesign soil characterization would be necessary to more accurately define the 

locations and volume of source area material to be treated by the MITU®, as well as to 

provide more data regarding the elevation of the bottom of the Upper Sand layer at each 

site. (The thickness of the Upper Sand unit is needed for design of the dewatering 

wells.) In areas where the CVOC-impacted soil depth is greater than 30 feet bgs, 

benching would be necessary to allow the MITU® machine to reach the required 

treatment depth. For initial estimates of the effectiveness of this alternative and for cost 

estimation, the following dimensions were used in the groundwater model simulation, 

and therefore define the proposed treatment zone for the MITU® in each area: 

• Building I-1-2 80 ft x 83 ft x 35 ft deep 

• Building I-1-23 68ft x 100ft x 35ft deep 

• South of Repository 68ft x 100ft x 35ft deep 

• Repository MITU® not used 

Total volume Approximately 26,200 cubic yards 

The MITU® would be used in each of the source areas except at the Repository, where 

treatment of the fill by the MITU® would be avoided. Instead, an MPE system as 

described in Subsection 6.5 would be implemented at the Repository. 
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6.6.2 Simulation 

Simulation of the MITU® alternative assumed in situ heating and stripping of volatile 

organic contaminants from the full estimated thickness of the Upper Clay portion of the 

source areas. For the MITU® to operate most effectively, some groundwater extraction 

is necessary to decrease the water content of the soil that must be treated. Therefore, 

4 months of groundwater extraction using horizontal wells installed in the Upper Sand 

unit at each source area that receives MITU1J treatment were simulated, representing a 

3-month period prior to the onset of MITU® operation, and a 1-month period during 

operation of the MITU® on-site. Actual dewatering and treatment with the MITU® may 

extend over a 6-month period or possibly longer, if retreatment of any soil is found to be 

necessary, or if unforeseen operational problems are encountered. However, for this 

simulation, it was assumed that operation of the MITU® and associated dewatering 

would occur simultaneously at all source areas over a 4-month period. As with the 

preceding alternatives, phytoremediation of the downgradient discharge zones of the 

plumes is included. 

If the actual hydraulic conductivity value of the Upper Sand unit at each source area is 

found to be significantly lower than the value used in the model, the cost of the required 

horizontal dewatering well design and construction would increase slightly. However, 

these increased costs would not significantly affect the cost comparison of this remedial 

alternative with respect to the other alternatives. 

The effect of the MITU® soil treatment was simulated by setting the constant 

concenh·ation nodes in model Layer 1 to values that were 0 percent of the initial TCE 

groundwater concentration during the 4-month period of groundwater extraction and 

MfTUiJiJ treatment; after that point, the values were set at only 5 percent of the 

concentration prior to soil treatment. Although 97-percent removal efficiencies for 

VOCs have been documented using the MJTU® at some sites, a 95-percent removal 

efficiency was simulated. However, this may be an optimistic assumption of the 

achievable percent VOC removal. Potential factors that could decrease the achievable 

percent removal include possible small zones of remnant VOCs that may not be located 

and/ or treated, insufficient dewatering of the clay (which negatively affects VOC 

removal efficiency in the unit), and other potential unforeseen operational difficulties 

with this new technology. 

For the Repository, the constant groundwater TCE concentration nodes were set to 

20 percent of the original values (prior to MITU® treatment at the other source areas) to 

account for depletion of the source due to the MPE system that would be installed there . 
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Two years of groundwater extraction utilizing horizontal wells within the Upper Sand • 

unit and vertical multiple-phase wells within the Upper Clay unit were simulated. 

The results of the MITU® simulation are presented on Figures 6-3, 6-4, and 6-8. On 

Figure 6-8, it is evident that the TCE concentrations after 20 years have been greatly 
reduced in the 1-1-23 plume, such that the 500 JJ.g/L zone is limited to a small area 

around the source. As expected, the Repository plume closely resembles that of the 

Multiple-Phase Extraction simulation (Figure 6-7) discussed above, since MPE is the 

approach used for treatment of the Repository source area under this alternative. The 

concentration of TCE in groundwater near the lake is predicted to decrease from over 

600 JJ.g/L to approximately 80 JJ.g/L over the 20-year time period. Similarly, the total 

mass of TCE in the aquifer over all of Sites 32/33 is predicted to decline from 1,500 kg to 

less than 80 kg during the 20-year time period. 

6.7 Sensitivity Testing 
Sensitivity testing was conducted on two of the predictive runs (the multiple-phase extraction 

simulation and the phytoremediation simulation), to test whether the conclusions regarding the 

relative effectiveness of one remedial measure over another might change, if the constant

concentration boundary conditions changed. The tests were designed to answer the question, if 

the PCB soil removal action did not remove a substantial mass of CVOCs, would this change 

the conclusions regarding the relative effectiveness of one remedial option over another? 

The effect of changing boundary conditions for predictive simulations was tested in model runs 

Crab224 and Crab226. The results of the simulations are summarized in Table 6-3. In Crab224 

(multiple-phase extraction predictive run), the values of the constant-concentration source 

nodes were held at the original value of 100 JJ.g/L, instead of decreased to 60 ~tg/L for the 

predictive simulation. This simulation tested the effect of no assumed decrease in source 

concentrations as a result of the PCB soil removal activities that have occurred on-site. With the 
constant-concentration source nodes held at 100 ~Lg/L, the concentrations at the Northern 

Access Road would increase to from 300 to over 600 JJ.g/L; concentrations near the source zones 

would also increase significantly. 

Similar results were observed for a different predictive simulation that tested the effect of 

changing the constant-concentration node values. In Crab 226 (phytoremediation simulation), 

the effect of holding the constant-concentration nodes at a higher value resulted in an increase 

in concentrations at the Northern Access Road and in the source area, as in Crab 224. The 

relative effect of the change on the phytoremediation simulation was nearly identical to that 

observed with the multiple-phase extraction simulation, in both cases causing a doubling of the 

concentration at the Northern Access Road, and a 50 percent increase in the total mass in the 
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aquifer. Because both simulations reacted in essentially the same way, the results indicate that 

the conclusions regarding the relative effectiveness of one remedial option over the other 

would likely remain the same, if the constant-concentration nodes were held at a higher value. 

This result is important in that it indicates that the relative effectiveness of one remedial 

measure over another would likely remain the same, regardless of whether substantial removal 

of concentrated TCE occurred during the PCB soil removal activities or not. Thus, these results 

indicate that the conclusions regarding which remedial alternative would be most effective at 

the site would not change if the PCB soil removal action removed no CVOCs from the source 

areas. 

6.8 Implications of Predictive Simulations of Remedial Alternatives 
Comparison of the results of the simulations of the five alternatives, as shown on Figures 6-3 

and 6-4, leads to the following conclusions: 

• The relative effectiveness of the five alternatives, with respect to the lowest ICE 
concentrations remaining in the groundwater and the least remaining mass of ICE in the 
aquifer in the future, are as follows (from most effective to least effective): 

La. Multiple-phase extraction 

l.b. MITU® (l.a. and l.b. have comparable effectiveness) 

2. Enhanced bioremediation 

3. Phytoremediation 

4. Monitored natural attenuation 

• The MITU®, multiple-phase extraction, and enhanced bioremediation alternatives all 
included phytoremediation at the downgradient end of the plumes, which helped lower 
the concentrations prior to discharge to surface water. 

• The MITU® alternative may result in lower ICE concentrations remaining in the source 
areas where use of this equipment is feasible. However, the MITU® is less effective than 
multiple-phase extraction at lowering the concentrations at the downgradient end of the 
plume near Crab Orchard Lake. In terms of the remaining mass of CVOCs in the aquifer, 
the model results indicate that the MITU® may be most effective at lowering the overall 
mass of ICE over a 20-year time period, although multiple-phase extraction appears to 
more effective over the initialS to 10 years. Use of the MITUQ<) to remediate the CVOC 
source beneath the Repository is not feasible. 

• The results of the model predictions (e.g., predicted concentrations and mass of TCE in the 
aquifer) must be considered more in a relative sense, than an absolute sense, because of the 
significant uncertainties associated with simulating remedial alternatives for which there 
have been no field tests at the site to determine probable effectiveness . 
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• It is not possible to reliably estimate the amount of time until groundwater target cleanup • 
levels will be attained for the entire site. At this time, there are limited physical and 
contaminant distribution data for the Upper Clay unit to make this estimate. However, 
these data may be obtained during a pre-design phase, depending on the remedy selected. 
Also, as discussed above, the continued presence of some CVOC residuals in the source 
zones represents a source of CVOCs to the groundwater that will persist for as long as the 
residuals remain. Typically, solvent residuals exist beneath the water table as dispersed 
small blebs and ganglia that remain along the path of the solvent spill as it migrated 
through the aquifer. While the remediation alternatives examined here address the source 
areas to varying degrees, it is likely with all of the alternatives that some of the CVOC 
residuals will remain in a portion of the aquifer and represent a continuing source. This 
situation is typical of sites that have solvent residuals present; in fact, the National 
Research Council (1994) has concluded that, of the thousands of sites that are contaminated 
with these materials in North America, none of them has been completely restored to 
drinking water standards. Over time, as the sources are depleted, the plumes will shrink in 
size and groundwater cleanup targets will be achieved over increasingly larger portions of 
the site. However, groundwater target cleanup standards will not be achieved over the 
entire site until the CVOC residual sources are essentially gone. 
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Section 7 
Screening of Remedial Alternatives 

As outlined in the USEPA's RI/FS guidance document (USEPA, 1988), defined alternatives are 

initially evaluated against the short- and long-term aspects of the following three broad criteria: 

• 

• 

• 

Effectiveness - Addresses the question: "How effective is this alternative at achieving the 
remedial objective, from both a short-term and a long-term perspective?" 

lmplementability- Evaluates the technical and administrative feasibility of the alternative . 

Cost- Evaluates the capital and operation, maintenance, and monitoring costs of the 
alternative, based on the design concepts. 

As defined in the RI/FS guidance, the intent of this initial screening step for multiple 

alternatives developed during a "standard" feasibility study is to retain only those alternatives 

with the most favorable composite evaluation of all factors for further consideration during a 

detailed analysis of a "short list" of alternatives. In keeping with the "focused" format of this 

feasibility study, all of the remedial alternatives identified and developed in Section 6 are 

evaluated in this section against the three screening criteria, and all alternatives are then carried 

forward to a comparative analysis in Section 8. 

An opinion of probable cost to implement each alternative is presented. Tables presenting a 

breakdown of the costs are included in Appendix I. The opinions of probable cost are 

individually itemized for direct and indirect capital costs, annual operation, maintenance, and 

monitoring (OM&M) costs, and a present worth cost for an assumed implementation duration 

for each alternative, assuming a discount rate of 7 percent (USEPA, 1993). The opinions of 

probable cost are intended to be in the range of +50 to -30 percent of the actual cost, per the 

RI/FS guidance document (USEPA, 1988), and are intended to allow for relative comparison 

between and among alternatives. After final design criteria have been developed for the 

selected alternative, refinement of the opinion of probable cost will be required. 

As discussed in the Groundwater Investigation Report (Part I of this document), the nature and 

extent of a potential additional CVOC source in the vicinity of Building I-1-36A will be 

investigated during the pre-design fieldwork program for the groundwater remedial action that 

is selected for the other identified CVOC source areas. After completion of this investigation, 

estimated costs to implement an appropriate remedial alternative to address a CVOC source at 

the Building I-1-36A area will be prepared and submitted to the USEPA, if remediation of this 

area is determined to be necessary . 
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7.1 Alternative A - No Action 
Evaluation of a No-Action alternative is established as a baseline with which other alternatives 

can be compared. This alternative consists of no additional actions beyond those already 

implemented or required in the future at the site. It includes continuation of compliance 

monitoring of groundwater and surface water as required under the ROD and Consent Decree. 

No Action is considered to be ineffective at achieving the remedial objective in a reasonable 

period of time. It is readily implementable, as it requires no additional systems or actions 

beyond what is already in place. Costs are associated only with compliance monitoring for 

groundwater and surface water. No significant capital expenditures are required. This 

alternative does not vary for any of the CVOC source areas. 

A summary of the opinion of probable cost for this alternative is as follows: 

• Capital costs: 

• Annual OM&M costs: 

• Present worth (monitoring for 30 years; range 
represents -30 percent to +50 percent of present worth cost) $935,000 to $2,003,000 

7.2 Alternative B- Monitored Natural Attenuation 

7.2.1 Effectiveness 

Based on the presence and distribution of the breakdown products of PCE and TCE in 

the groundwater contaminant plumes, some level of natural attenuation is presently 

occurring at the site. With the data currently available, it is difficult to determine the 

degree of effectiveness of this alternative. The effectiveness of natural attenuation 

processes in each of the source areas and in the groundwater plumes is expected to be 

limited unless most of the total CVOC mass originally present in the source areas was 

removed with the soil excavated during the PCB remedial action in 1996/1997. The 

results of the transport modeling simulation of this alternative presented in Section 6 

confirm that, using conservative estimates of the CVOC mass removed with the PCB

soil, a slow rate of groundwater quality improvement will be seen, with a time period 

much longer than 20 years required to approach the target cleanup standards for 

groundwater. 

7.2.2 Implementation 

This alternative would be readily implementable. The data needed to evaluate 

monitored natural attenuation (MNA) would be collected during regularly scheduled 

compliance monitoring sampling events. 
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7.2.3 Cost 

Capital costs associated with MNA are limited to the initial sampling program design 

and workplan preparation and approvals. Annual costs include labor and expenses for 

sampling, data evaluation and reporting, laboratory analytical costs, and any 

groundwater (well purge water) disposal fees. 

A summary of the opinion of probable cost for this alternative is as follows: 

• Capital costs: 

• Annual OM&M costs: 

Short term (first 2 years) 

Long term (years 3 through 30) 

$27,000 

$143,000 

$124,000 

• Present worth (monitoring for 30 years; range represents 
-30 percent to +50 percent of present worth cost) $1,122,000 to $2,403,000 

7.3 Alternative C - Phytoremediation and MN A 

7.3.1 Effectiveness 

Phytoremediation is a current developing technology that uses vegetation for in situ 

treatment of contaminated soil, sediment, and groundwater. Phytotransformation 

refers to the uptake of organic and nutrient contaminants from soil and groundwater 

and the subsequent transformation by plants. This transformation depends on the 

direct uptake of contaminants from soil water and the accumulation of metabolites in 

plant tissue. Direct uptake by plants of organic compounds present in relatively 

shallow groundwater is an efficient removal mechanism for sites with contaminants 

consisting of moderately hydrophobic organic chemicals, including most BTEX 

compounds, chlorinated solvents, and short-chain aliphatic compounds (Schnoor, 1997). 

The direct uptake of a chemical into the plant through roots depends on the uptake 

efficiency, transpiration rate, and the concentration of the chemical in soil water (Burken 

and Schnoor, 1996). Uptake efficiency, in turn, depends on physical-chemical 

properties, chemical speciation, and the plant itself. Transpiration is a key variable that 

determines the rate of chemical uptake for a given phytoremediation design; it depends 

on the plant type, leaf area, nutrients, soil moisture, temperature, wind conditions, and 

relative humidity (Schnoor, 1997). 

When an organic compound has been translocated, the plant may incorporate the 

compound and its fragments into new plant structures via lignification, or it can 

volatilize, metabolize, or mineralize the compound completely to carbon dioxide and 
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water. Chlorinated aliphatic compounds such as TCE have been reported to be • 

mineralized to carbon dioxide and less toxic aerobic metabolites (Schnoor, 1997). The 

form of phytotransformation whereby volatile compounds or their metabolic products 

are released to the atmosphere through plant transpiration is known as 

phytovolatilization. 

Poplar trees have been found to be capable of taking-up TCE and degrading it to several 

known metabolic products, including trichloroethanol, trichloroacetic acid, and 

dichloroacetic acid. Poplars have also been shown to transpire TCE in measurable 

amounts (Newman et al., 1997). In addition to poplars, other types of phreatophytic 

trees, such as cottonwoods and willows, are also capable of CVOC uptake or 

phytovolatilization. 

There are no reports in the technical literature of sites where remediation of 

groundwater contaminated with CVOCs using poplar trees has been completed. 

However, there are currently at least 5 sites in the USEPA's Superfund Innovative 

Technology Evaluation (SITE) Program that involve field demonstrations of 

phytoremediation (Schnoor, 1997). One of these sites involves the use of cottonwood 

trees to take-up TCE from shallow groundwater (Betts, 1997). 

Phytoremediation, and the use of hybrid poplar trees in particular, has been shown to • 

be effective at removing CVOCs in shallow soil and groundwater (10 feet or less) and 

also at minimizing water infiltration through a soil cap or cover over landfills. At a U.S. 

Army testing facility in Maryland, poplar trees are being used as hydraulic "pumps" to 

prevent the migration of contaminants to a nearby marsh, in a manner similar to the 

proposed use of poplars in Areas 4 and 5 (previously referred to as "limited 

phytoremediation"). Phytoremediation has proved to be effective at removing TCE in 

the subsurface in climates similar to, and more harsh than, the southern Illinois climate. 

Phytoremediation is a relatively new technology and has been in field applications less 

than 10 years, so its long-term effectiveness is unknown at this time. Also, the poplars 

reach maturity, and thereby reach optimum remediation effectiveness, about 3 years 

after planting. Therefore, a time lag would occur after completing the tree planting 

before the full treatment effectiveness would be observed. Due to limitations of the 

trees' root system, the technology's effectiveness in terms of CVOC removal may be 

limited at this site to approximately the top 10 feet of soil and the upper few feet of 

saturated clay. The reported life of a hybrid poplar is in the range of 30 years. 
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7.3.2 Implementability 

This technology is readily implementable at this site. The groves of poplar trees may 

require considerable area (approximately 25 acres, as shown on Figure 6-1) to be 

effective at all of the source areas and at the discharge areas of the 1-1-23 and Repository 

Area plumes. Based on limited available information regarding current use of the site 

facilities by the present tenant (Primex Technologies, Inc.), it is anticipated that 

establishing these tree groves in the locations shown would not have an adverse effect 

on the current operations at the site. The areas selected appear to be suitable for 

planting the trees and capable of supporting their continued growth. The design 

proposed for this alternative will require an initial planting of approximately 

37,000 trees (as small single "whips") at a density of 1,500 trees per acre. Tree "whips" 

for planting are commercially available from various sources; it is expected that the 

quantity required will be readily available. In the final design layouts for the planting 

areas, the amount of existing trees and other vegetation that would have to be cleared 

for planting the poplar trees will be minimized. 

7.3.3 Cost 

Overall, costs for this alternative are low relative to other active technologies. Capital 

costs associated with phytoremediation include design, site preparation, and 

procurement and planting of the trees, as well as off-site disposal of contaminated soil 

that may be generated during planting. Design costs range from $50,000 to $75,000, 

while costs for installation of the trees range from approximately $12,000 to $15,000 per 

acre. Annual operation and maintenance costs are approximately $1,000 to $1,500 per 

acre for fertilizing, mowing, and watering. The hybrid poplars have a lifespan of about 

30 years. However, if desired, the trees can be harvested every 6 to 10 years and the 

wood can be sold for lumber, chips, or paper-making. It is assumed that if 

phytoremediation is implemented at the Crab Orchard site, the h·ees will not be 

harvested, but will be left in place and replanted as needed. 

Costs for implementation and maintenance of limited phytoremediation are included in 

each of Alternatives C, D, E, and F. "Limited phytoremediation" consists of establishing 

a grove of hybrid poplars at the downgradient edge of the plumes from the source areas 

near Building I-1-23 (approximately 8 acres) and the Repository Area (approximately 

6 acres) . 
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A summary of the opinion of probable cost for this alternative is as follows: 

• Capital costs: 

• Annual OM&M costs: 

Short term (first 2 years) 

Long term (years 3 through 30) 

• Present worth (monitoring and O&M for 
30 years; range represents -30 percent to +50 percent 
of present worth cost) 

$889,000 

$201,000 

$184,000 

$2,240,000 to $4,799,000 

7.4 Alternative D- Enhanced In Situ Bioremediation with Limited 
Phytoremediation and MN A 

7.4.1 Effectiveness 

Enhanced in situ bioremediation of chlorinated solvents is a developing technology that 

has proved to be effective in field applications. Trends in groundwater quality data 

suggest that the unavailability of an electron donor (organic carbon source) may be a 

limiting factor at this site. Therefore, the introduction of lactate would likely stimulate 

biodegradation of PCE and TCE at an accelerated rate compared to the present rate . 

Overall, the effectiveness of the technology is dependent upon the redox conditions in 

the zone of treatment and the availability of specific electron donors and acceptors 

(Cookson, 1995). In addition, and more specific to this site, delivery of the electron 

donor (lactate solution) plays a key role in the effectiveness. The design concept 

described in Section 6 assumes simultaneous treatment of the Upper Sand (via injection) 

and the Upper Clay (via infiltration). Treatment in the Upper Sand will be more 

effective and efficient than in the Upper Clay due to significant differences in hydraulic 

conductivity for the two layers. 

In generat this alternative would be effective in the long term in degrading dissolved 

CVOCs in the Upper Sand layer at the source areas, as well as in the Upper Clay at a 

slower rate. Depending on the overall completeness of the sequential degradation of 

the more chlorinated VOCs, some accumulation and increased concentrations of vinyl 

chloride, a degradation end product, may occur in some portions of the impacted 

aquifer. 

7.4.2 Implementability 

This technology is readily implementable at this site. It can be constructed with 

conventional equipment and materials that are readily available either local to, or 
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within a reasonable distance from, the site. Operation of the system presents some 

uncertainty with regard to the actual rates of injection and infiltration that are 

achievable at each of the areas. This uncertainty may be further complicated if bacterial 

growth in the zone of treatment negatively affects the injection or infiltration flow. 

After these uncertainties are resolved, the system would be allowed to operate in an 

automated fashion with only periodic (quarterly) site visits to conduct the injections and 

monitor the groundwater. 

Approval to inject and/ or infiltrate the lactate solution would be required prior to 

implementation. Also, groundwater from the area of treatment would be extracted as a 

source of nearly deoxygenated water in which to dissolve and carry the lactate and 

nutrients. Sodium sulfite would be added at a dosage sufficient to scavenge the 

remaining dissolved oxygen. The water would not be treated for removal of VOCs (e.g., 

air stripping) prior to reinjection to avoid reoxygenation. Injection of untreated water 

that may contain CVOCs may require special considerations for approval. 

7.4.3 Cost 

Capital costs for this alternative are relatively high due to the construction of infiltration 

galleries and injection wells, and the procurement and installation of pumps, tanks, 

piping, and controls. In addition, a 25 percent contingency was applied to the estimate 

of capital costs due to uncertainty regarding the frequency of lactate injections and the 

volume of lactate solution required. 

Annual costs include labor and expenses for injection events and monitoring visits. 

Chemical costs are estimated to be approximately $35,000 per year for the 2-year 

injection/infiltration period. 

Costs for this alternative include capital and annual costs for limited phytoremediation, 

monitored natural attenuation, and compliance monitoring for a 30-year period. 

A summary of the opinion of probable cost for this alternative is as follows: 

• Capital costs: $1,205,000 

• Annual OM&M costs: 

Short term (first 2 years) $247,000 

Long term (years 3 through 30) $165,000 

• Present worth (includes 2 years of bioenhancement 
injection, 30 years of monitoring; range represents 

R.MT, Inc. 
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7.5 Alternative E- Multiple-Phase Extraction (MPE) with Limited 
Phytoremediation and MNA 

7.5.1 Effectiveness 

MPE combines the benefits of groundwater recovery and vapor extraction in one 

technology. Conventional groundwater recovery systems are limited by low hydraulic 

conductivity or thin saturated zones. The vacuum induced at the extraction well with 

MPE increases the effective pressure differential between the extraction well casing and 

the adjacent aquifer formation, resulting in an increased capture zone for both air and 

water, especially in formations with low permeabilities, such as the Upper Clay layer. 

Results of the DPE pilot tests conducted in June 1998 suggest that OPE would not be 

effective at this site. However, several factors may have contributed to this outcome. 

First, the pilot test used a submersible pump in the extraction wells and a venturi 

vacuum system that developed only limited vacuum pressures while inducing nearly 

negligible rates of airflow from the formation. Second, the complete lack of vacuum 

influence at wells only 5 feet away from the extraction well suggests that a complication 

may have occurred in monitoring well and/ or extraction well construction, such as 

clogged or smeared well screens and/ or boreholes. Finally, a consistent drawdown was 

not maintained in the extraction well during each test, and this had a negative effect on 

the vacuum influence in the Upper Sand zone. 

MPE, using a high-vacuum liquid ring-type pump, will recover groundwater and 

propagate airflow in the clay and sand using its much higher vacuum capacity. Also, 

the two sets of wells (verticaL screened only in the Upper Clay; and horizontal, screened 

only in the Upper Sand) will maximize vacuum influence and airflow rates in the Upper 

Clay and groundwater extraction rates from the Upper Sand, to maximize the 

dewatering rate of the clay. Liquid-ring pumps are capable of lifting a column of water 

up to 30 feet high if pipe losses are minimal. Air entrainment can be used to lift water 

beyond 30 feet. This may be necessary at area I-1-2 and at the Repository. 

7.5.2 lmplementability 

MPE is readily implementable at this site. Conventional construction equipment would 

be used for installing the vertical wells, underground piping, and other equipment. 

Directional drilling equipment would be used to install the horizontal extraction wells. 

The stratigraphy at the location of the horizontal wells would need to be characterized 

to a greater extent prior to the installation of these wells to place them accurately at the 

bottom of the Upper Sand layer. This would likely be done using a direct-push 
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sampling method (e.g., GeoprobectD rig) which would be less costly than a conventional 

drilling rig. The mechanical extraction and treatment equipment is also readily 

available from a number of manufacturers. The liquid ring vacuum pump requires a 

liquid to provide a seal and develop vacuum. This liquid is typically provided in one of 

three ways-by recirculating a portion of the extracted groundwater through the pump; 

by a separate pressurized water source (water utility or reservoir tank); or with oil, 

which requires an oil-sealed type of pump. At this site, either a pressurized water 

source or oil-sealed pumps would be used, because of potential operation and 

maintenance concerns with using recirculated groundwater. 

7.5.3 Cost 

Capital costs for this technology are higher than costs for Alternatives A through D, 

mostly due to the large number of wells, the feet of trenching required, and the 

mechanical equipment required for extraction and treatment. 

A1mual costs for the first 2 years (the period during which the MPE is anticipated to 

operate) are greater tl1an the annual costs for the remainder of the 30-year estimating 

period, due to the frequency of site visits, and the influent and effluent water sampling 

and air sampling that would be required . 

Costs for this alternative also include capital and annual costs for limited 

phytoremediation, monitored natural attenuation, and compliance monitoring for a 

30-year period. 

A summary of the opinion of probable cost for this alternative is as follows: 

• Capital costs: $2,150,000 

• Annual OM&M costs: 

Short term (first 2 years) 

Long term (years 3 through 30) 

• Present worth (includes 2 years of MPE, 

RMT, Inc. 
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7.6 Alternative F - In Situ Soil Thermal Treatment with MITU®, 
Limited Phytoremediation, MNA, and MPE at Repository 

7.6.1 Effectiveness 

As reported by the company that owns the equipment the MITU® has been shown to 

effectively remove up to 97 percent of the mass of CVOCs at other sites with chlorinated 

solvents contamination. The effectiveness of the MITU® at Sites 32/33, however, may 

depend largely on the success of the dewatering operation at each source area. The 

MITU~' can treat saturated soil effectively, but it essentially has to evaporate the soil 

moisture before effective desorption of CVOCs will occur. If the soil is saturated as it 

enters the treatment chamber of the machine, this process will require much more time 

and energy, and the cost would increase substantially. Therefore, in situ dewatering of 

the soil to be treated would greatly improve the CVOC removal efficiency and 

effectiveness, and the cost-effectiveness, of this alternative. 

7.6.2 Implementability 

The use of the MITU® is implementable at all but one of the CVOC source areas (the 

Repository) at this site. The MITU® is restricted to larger sites because of its size, but 

space is not a concern at any of the three areas where it would be employed. The 

MITU® is a very large, specialized machine, and repair parts may not be available 

locally, so the contractor stocks replacement parts in his support trailer. 

Compaction of the treated soil that is returned to the source area excavations to avoid 

subsequent settlement may pose some difficulty. However, since construction over the 

source areas that are to be treated is not expected, the soil can initially be mechanically 

compacted using a tamper attachment on the tracked excavator as the excavation is 

backfilled by the MITU® with treated soil. Then, the area can be allowed to settle and 

compact by gravity for 2 to 3 years following soil treatment, when final grading would 

occur. 

Use of the MITU® for treatment of the Repository area is not practical, due to the depth 

of soil requiring treatment and the preference to avoid disturbing the materials in the 

Repository as much as possible. However, as described in Subsection 7.5.2, there are no 

implementability concerns with Multiple-Phase Extraction that would be employed at 

the Repository (similar approach as in Alternative E). 
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7.6.3 Cost 

Capital costs for this alternative are the highest of all the alternatives considered. This is 

due to unit treatment cost, dewatering costs, mobilization/ demobilization of the 

MITU®-30, movement and setup of the MITU® at the separate source areas, as well as 

the capital costs associated with the MPE system at the Repository. In addition, a 

25 percent contingency was applied to the estimate of capital costs due to uncertainties 

regarding the effectiveness of dewatering in each of the areas, and its effect on the 
efficiency of treatment by the MITU~'. 

Atmual costs include OM&M costs for the first 2 years of operation of the MPE system. 

No annual costs are directly associated with soil treatment by the MITU®. 

Costs for this alternative also include capital and annual costs for limited 

phytoremediation, monitored natural attenuation, and compliance monitoring for a 

30-year period. 

A summary of the opinion of probable cost for this alternative is as follows: 

• Capital costs: 

• Annual costs: 

• 

Short term (first 2 years) 

Long term (years 3 through 30) 

Present worth (includes 2 years of MPE at the 
Repository, 30 years of monitoring; range represents 
-30 percent to +50 percent of present 
worth cost) 

$5,327,000 

$235,000 

$165,000 

$5,249,000 to $11,247,000 

7.7 Summary of Remedial Alternatives Screening 
In summary, the six remedial alternatives were assembled and developed to address the CVOC 

source areas at the site. Alternatives A and Bare passive, while Alternatives C, D, E, and F 

have active remediation components. 

Of the active alternatives, the phytoremediation alternative (Alternative C) would require 

3 years before the full treatment effectiveness would occur, while treatment would begin as 

soon as the remedy is implemented for Alternatives D, E, and F. The duration of active 

treatment for Alternative F will be approximately 6 months, while the duration of active 

h·eatment for Alternatives D and E will be 2 years. Under Alternative C, treatment would 

continue over the ful130-year evaluation period . 
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Each alternative, except the No-Action alternative, contains a monitored natural attenuation 

component, and all of the active alternatives contain a component of limited phytoremediation, 

each of which lasts for the life of the alternatives, which is assumed to be 30 years. 
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Section 8 
Comparative Analysis of Alternatives 

8.1 Introduction 
This section presents an evaluation of the relative performance of each alternative. The 

purpose of this comparative analysis is to identify the key advantages and disadvantages of 

each alternative relative to the other alternatives, so that the key tradeoffs can be identified and 

balanced by the decision makers. The alternatives are discussed relative to one another, and 

with respect to each of nine specific criteria. 

Overall protection of human health and the environment (Criterion 1) and compliance with 

Applicable or Relevant and Appropriate Requirements (ARARs) (Criterion 2) will generally 

serve as threshold determinations in that they must be met by any alternative in order for it to 

be eligible for selection. The next five criteria, long-term effectiveness and permanence 

(Criterion 3); reduction of toxicity, mobility, and volume through treatment (Criterion 4); short

term effectiveness (Criterion 5); implementability (Criterion 6); and cost (Criterion 7) represent 

"balancing" criteria that will be discussed with regard to tradeoffs among the alternatives . 

State acceptance (Criterion 8) and community acceptance (Criterion 9) are typically evaluated 

following comment on an Rl/FS report and Proposed Plan, and are addressed when a final 

decision is being made regarding the selected remedial action and a Record of Decision (ROD) 

is being prepared. For this feasibility study and selection-of-remedy process for Sites 32/33, the 

state and community acceptance criteria will be addressed after the USEPA (lead agency) has 

made a preliminary selection of a preferred remedial alternative. 

Each of the alternatives includes identical programs for compliance monitoring (per the 

Consent Decree) of groundwater and surface water. Alternatives B through F also include 

identical programs for monitored natural attenuation. Alternatives C through F include 

identical programs for limited phytorcmediation (Alternative C includes phytoremediation at 

other areas in addition to those in Alternatives D through F). Because of the similarities of each 

alternative with respect to these supplemental long-term remediation technologies, this 

comparative analysis focuses on the primary technologies of each alternative (i.e., 

phytoremediation, in situ enhanced bioremediation, MPE, and MITU''). 

Generally, alternatives are discussed from highest to lowest rankings with respect to each 

criterion . 
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8.2 Overall Protection of Human Health and the Environment 
The findings of the risk evaluation performed as part of the remedial investigation for the 

PCBOU (O'Brien & Gere, 1988) were that" ... the groundwater exposure pathway is incomplete 

at the Area 9 Landfill ... ," and that" ... the groundwater exposure pathway is incomplete 

because there are no exposed users of groundwater at the Area 9 Building Complex." 

The Record of Decision (ROD) for the PCB Areas Operable Unit (effective date August 1, 1990) 

states (Section IX): "The Selected Remedy also addresses the threat from surface water and 

groundwater by removing the material that could contaminate the water." The ROD further 

states (Section X): "The Selected Remedy .. .is protective of human health and the environment 

for the four study sites comprising the PCB Areas Operable Unit." 

During the PCB remedial action, Sites 32/33 were further characterized to identify three source 

areas (Area 9 Repository, Building 1-1-23, Building 1-1-2) that were suspected of potentially 

contributing to contamination of groundwater and surface water. During this additional 

sampling, groundwater contamination by volatile organic compounds was detected. 

Based on the findings of the remedial investigation and on the ROD, as noted above, all of the 

alternatives presented in this feasibility study, including the No-Action alternative, provide an 

• 

acceptable level of overall protection of human health and the environment. Any further • 

reduction of CVOC contamination of soil or groundwater at Sites 32/33 that would result from 

implementation of any of the remedial alternatives provides an incremental improvement of an 

already acceptable level of risk. 

Alternatives C, D, E, and F would provide some degree of desh·uction or removal of CVOCs 

from the source areas and at the downgradient edges of the plumes. Alternative F would 

provide the most immediate increase in the level of protectiveness, by destruction of significant 

contaminant mass within approximately 6 months time following the start of on-site 

remediation. 

Alternatives D and E would provide an enhanced degree of protection in about 2 years time, 

while Alternative C would require about 3 years before some level of increased protectiveness 

would be provided. 

Alternative B is currently providing attenuation of the high concentrations of CVOCs in the 

groundwater to concentrations that are orders of magnitude lower by the time the plumes 

reach the lake or other surface water. Alternative B does not provide additional protection over 

any other alternative by itself, however. 
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Alternative A, the No-Action alternative, does not provide increased protection of human 

health or the environment above the existing acceptable conditions. 

8.3 Compliance with ARARs 

The applicable or relevant and appropriate requirements (ARARs) for implementation of the 

remedial alternatives must be consistent with the ARARs specified in the Record of Decision 

(ROD) for the PCBOU. The ARARs that would be pertinent to one or more of the remedial 

alternatives for groundwater at Sites 32/33 are identified in the following direct excerpt from 
the ROD (pages 40 to 45): 

1. Surface Water Discharge 

2 . 

Clean vVater Act 

• If pond or stream water from Site 17 or stream or ditch water from Area 9 (Sites 32 and 33) 
must be discharged to a surface water body during site preparation, the discharge sluzll meet 
the effluent standards and prohibitions and water qualihJ standards established under 
Sections 301,302,303,307,318, and 405 of the Clean Water Act (40 CFR 122.41 and 
122.44). 

Excavation of Soil and Sediment 

Resource Conseruation and RecovenJ Act, Subtitle C 

• Excavated material which is RCRA hazardous will be handled and stored in accordance 
with the substantive technical standards applicable to genemtors of hazardous waste and for 
owners and opemtors of hazardous waste stomge jizcilities (40 CFR 262.34; and 264, 
Subparts B, C, T, ], and L). 

• Excrwated material which is RCRA hazardous will be handled and stored in accordance 
with the land disposal restrictions (40 CFR 268). 

• The excavation activities, when completed, shall meet the closure performance standards for 
clean closure (40 CFR 264, Subpart G) for the specific hazardous waste constituents. 

• The excavation and storage activities must also meet any nwre stringent State of Illinois 
equiz,alent provisions (35 lAC Part 724 design requirements). 

Toxic Substances Control Act 

• Excamted material which contains PCBs at concentrations greater than 50 parts per 
million will be handled and stored in accordance with tlze requirements of 40 CFR 761.65. 

Clean A1r i\ct 

• During excavation the national ambient air quality standards (NAAQS) for particulate 
matter and lead shall not be exceeded (40 CFR 50.6 and 50.12) . 
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3. Incineration of Soil and Sediment 

[not pertinent to groundwater remedial action] 

4. Vitrification 

[not pertinent to groundwater remedial action] 

5. Stabilization/Fixation 

[not pertinent to groundwater remedial action] 

6. Disposal or Decontamination o(Equipment 

Resource Conseruation and RecovenJ Act, Subtitle C 

• During remediation and closure all equipment, structures, and soils that are used onjwith 
RCRA hazardous materials must be properly decontaminated or disposed of 
(40 CFR 264.114). 

• Decontamination of equipment, stntctures, and soils that are used Oil/with RCRA 
hazardous materials must meet any more stringent regulatonJ decontamination or disposal 
standards of the State of Illinois (351AC Part 724). 

Toxic Substances Control Act 

• During remediation and closure all equipment, stmctures, and soils that are used onjwitlz 
TSCA regulated PCB-contarninated soil and sediment must be properly decontaminated 
(40 CFR 761.79). 

7. Industrial Landfill or Caps 

[not pertinent to groundwater remedial action] 

8. Backfill Excavation 

• During backfilling activities the NAAQS for particulate matter shall not be exceeded 
(40 CFR 50.6). 

9. Monitoring and Maintenance· 

Resource Consemntion and Recovery Act, Subtitle C 

• Groundwater monitoring for the remediated study sites shall be in accordance wit/1 tlze 
groundwater monitoring requirements of RCRA (40 CFR 264, Subpart F). 
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Solid Waste Disposal Act as amended by RCRA SubtitleD 

• Groundwater and leachate monitoring for the on-site landfill shall be in accordance with the 
RCRA SubtitleD, solid waste landfill requirements (40 CFR 241.204). 

• Groundwater and leachate monitoring for the on~site landfill will meet any more stringent 
technical regulatwns of the State of Illinois (35 lAC Part 807). 

10. Personnel Protection 

Occupational Safett; and Health Act (OSHA) 

• During all renzedial activities the requirements of the Occupational Safett; and Health Act 
for the training and safety of workers will be observed (29 CFR 1910.120 and 1926, 
Subparts C D, E, and P). 

11. Remediation Goals 

Crab Orchard Enabling Legislation (16 U.S. C. 666f and g) 

National Wildlife Refuge Administration Act (16 U.S. C. 668dd) 

Eagle Protection Act of 1940 (16 U.S. C. 668a) 

Migratory Bird Treaty Act of1918 (16 U.S. C. 703~711), as amended 

• The chemical specific remediation goals Iuhich ha11e been established for the study sites 
comprising the PCB Areas, and any other that will be established for this operable unit, will 
be consistent with the statutory requirements cited above. 

For implementation of the Selected Remedy, U.S. EPA, DOl, and !EPA have agreed to consider 

a number of procedures as guidance. These include, but are not limited to: U.S. EPA 1 s Risk 

Assessment Guidance for Superfund; U.S. EPA 1 s Superfimd Remedial Design and Remedial 

Action Guidance; U.S. EPA 1
S RCRA Technical Enforcement Guidance Document; U.S. EPA 1S 

proposed MCL for PCBs; any proposed revisions to U.S. EPA 1 s design standards for l<CRA 

SubtitleD landfills, which are available before remedial design; the State of Illinois Waste 

Management Facilities Design Criteria; and State of Tllinois Moni loring Well Construction and 
Installation Criteria. 

In addition to the ARARs specified in the ROD as cited above, the IEPA has identified the 

chemical~specific and action~specific standards and regulations listed below that may be 

pertinent for consideration during evaluation of the remedial alternatives and selection of a 
preferred alternative for groundwater: 
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Chemical-specific State Standards and Regulations • 

• 35 lAC Part 620- Groundwater Qualih;, Subpart D, Section 620.410, Class I
Groundwater Standards (refer to Tables 6-5 through 6-8 in the Groundwater 
Investigation Report for a listing of these numerical standards) 

• 351AC Part 302, Subpart B- General Use Water QualihJ Standards, specifically . 
Part 302.208- Numeric Standards for Chemical Constituents, and Part 302.1210-
Other Toxic Substances (refer to Table 6-12 in the Groundwater Investigation 
Report for a listing of these numerical standards, as excerpted from the referenced 
regulations and as calculated for Crab Orchard Lake by the IEPA Bureau of Water) 

Potential Action-specific State Re~ulations 

• 35 lAC Subtitle B- Air Pollutwn, Part 201 -Substantive permitting requirements 
under Parts 201.141, .143, .152-.165, .207-.210, .261-.265, .282-.283, .310-.312 for 
construction or modification of an emission source. 

• 351AC Part 304, Subpart A -General Effluent Standards, specifically Parts 304.102 and 
304.105-.141 -For discharges to waters of the state. 

• 35 lAC Part 305- Monitoring and Reporting, specifically Parts 305.102 -.103- For 
discharges to waters of the state. 

• 351AC Part 306, Subpart A- Systems Reliability, specifically Part 306.102 

• 35 lAC Part 309, Subpart A- NPDES Permits- Substantive requirements pertinent to • 
construction and operation of contaminated groundwater treatment or 
pretreatment works and to point source discharges to waters of the state on all 
CERCLA sites. 

• 351AC Part 704- UIC Pemzit Program; 35 lAC Part 730- Underground Injection Control 
Operating Requirements- Substantive permitting requirements for underground 
injection of hazardous liquids (Class IV UIC well) or non-hazardous fluid (Class V 
UIC well). Injection of contaminated fluid into underground sources of drinking 
water in excess of any primary drinking water regulations is prohibited. 35 lAC 
Part 704.124(c) exempts Class IV wells (hazardous) from this prohibition on RCRA 
and CERCLA sites; however, no exemption exists for Class V wells. 

• 35 lAC Part 722- Stand11rds Applicable to Generators of Hazardous Waste- If solid waste 
(defined per 35 lAC Part 721.102) is generated, the generator must determine if that 
waste is a hazardous waste. 

• 35 lAC Subtitle G- Waste Disposal, specifically Parts 724 mzd 728- If hazardous waste 
is present on a site, pertinent requirements of hazardous waste treatment, storage, 
and disposal under 35 lAC Subtitle G (Waste Disposal) must be followed. 

• 35 lAC Part 808- Special Waste Classifications- Generators of a waste must classify 
the waste. A special waste (defined per Section 3.45 of Illinois Environmental 
Protection Act) determination is required under 35 lAC Part 808.12. Management 
of special waste must be in accordance with 35 lAC Subtitle G (Waste Disposal), 
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including 35 lAC Part 809 (Special Waste Hauling) and 35 lAC Part 810 (Solid 
Waste Disposal). 

It is expected that compliance with ARARs specified in the ROD, and with the additional 

standards and regulations identified by the IEP A as listed above, can be most readily achieved 

in the design and implementation of Alternatives C through F. Alternative B alone is not 

expected to be capable of achieving the ARARs and other state standards and regulations listed 

above in a reasonable time period. 

Since the naturally occurring discharge of groundwater to surface water (drainage swales, 

marshes, and the lake) is the source of VOCs that have been observed in surface water at the 

site, it is expected that the destruction or removal of VOC source material remaining in soil at 

the identified source areas, as provided by Alternatives C through F, will result in a reduction 

in VOC concentrations observed in surface water over time. The amount and rate of reduction 

in surface water VOC concentrations at the groundwater/ surface water interface for the 

remedial alternatives are expected to be proportionately comparable to the reductions in 

groundwater VOC concentrations over time as projected by the computer model simulations 

discussed in Section 6. The relatively rapid volatilization of VOCs from the shallow drainage 

swales and lake embayment, and the mixing of the groundwater with the lake water, are 

expected to provide additional attenuation of VOC concentrations in the lake as the 

concentrations at the groundwater/ surface water interface decline over time. 

As determined from the modeling simulations discussed in Section 6, the time required to 

attain the target Cleanup Standards for groundwater over all of Sites 32/33 will be lengthy 

(greater than 20 years) for any of the remedial alternatives. However, significant improvements 

in groundwater quality would be expected to occur over much shorter time periods. 

This criterion is not considered to be a significant impediment or discriminating factor in the 

comparative analysis of the alternatives. 

8.4 Long-term Effectiveness and Permanence 
The assessment of alternatives against this criterion evaluates the comparative long-term 

effectiveness of the alternatives in maintaining the current acceptable level of protection of 

human health and the environment. 

All alternatives offer a similar degree of permanence of groundwater quality improvement, 

which would generally be consistent with the short-term effectiveness of CVOC removal or 

destruction. The extraction of contaminated groundwater at the source areas provided in 

Alternatives E and F would result in a marked improvement in groundwater quality within the 
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zone of influence of the pumping wells, during and for a short time following groundwater 

extraction. However, because it is reasonable to assume that less than complete removal or 

destruction of the CVOC source material will be accomplished, a partial rebound in the 

groundwater contaminant concentrations would be expected to occur following completion of 

the short-term active remediation in the source areas, thus affecting the long-term effectiveness 

of these alternatives. 

Alternative 0 could have the greatest potential for maintaining effectiveness in the long-term, 

compared with the other alternatives. Any excess electron donor and nutrient solution that is 

injected or infiltrated, but is not consumed in the short term, would be available to 

microorganisms in the future, either in the Upper Clay or the Upper Sand, to continue 

promoting enhanced rates of biodegradation of the remaining CVOCs. Conversely, 

Alternative D could present the greatest risk of diminished effectiveness, if the stimulated 

degradation of the more chlorinated compounds (PCE and TCE) in the source areas leads to 

production of a more toxic end product, vinyl chloride, in the Upper Sand plumes due to 

incomplete degradation to carbon dioxide and water. 

Alternative C would provide some level of continuing effectiveness over the lifespan of the 

poplar trees, which is expected to be 20 to 30 years. However, the effectiveness would vary 

greatly on an annual cycle, since contaminant treatment provided by the trees is only effective 

during the growing season. In addition, the degree of effectiveness provided in the short term 

with Alternative Cis less than D, E, and F due to limitations of the trees in removing 

contaminant mass in the source areas (due primarily to rooting depth). Thus, Alternative C has 

limitations of both short-term and long-term effectiveness in the source areas. At the 

downgradient edges of the plumes, however, Alternative C would provide the greatest degree 

of long-term effectiveness of any of the six alternatives. 

The long-term effectiveness of Alternatives E and F is greatly dependent on the short-term 
effectiveness of the CVOC source material removal from implementation of MPE or the MITU@J. 

As indicated from the results of the modeling simulations, all of the alternatives will require a 

relatively long time (more than 20 years) to provide a degree of effectiveness approaching the 

target groundwater cleanup standards. A ranking of the alternatives with respect to the rate at 

which they will improve groundwater quality at the overall site, as a measure of comparative 

long-term effectiveness, is as follows (listed from fastest to slowest): 

• Alternative E- Multiple-Phase Extraction 

• 

• 

Alternative F- MITU® (approximately equivalent to Alternative E) 

Alternative D-In Situ Enhanced Bioremediation 
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• • Alternative C- Phytoremediation 

• Alternative B- Monitored Natural Attenuation 

• Alternative A- No-Action 

8.5 Reduction of Toxicity, Mobility, and Volume Through Treatment 
Alternative F (MITU''') provides the greatest reduction of toxicity and volume of all the 

alternatives. The MITU® is expected to remove a maximum of 95 percent of the CVOC 

contaminant mass from the soil treated. This removal rate is 15 percent greater than that 

estimated for the next highest alternative, MPE (Alternative E). The technology will require a 

dewatering effort in each of the source areas while MPE or MITUl!'' treatment is taking place. 

This groundwater extraction done in conjunction with the MITU'' provides an added benefit 

with respect to this particular criterion and would temporarily reduce the mobility of CVOCs in 

the source area for approximately 6 months. The model results estimate that the MITU(l>) 

alternative would result in the removal of 95 percent of the total mass of TCE in the entire 

aquifer, over a 20-year time period. MPE would be implemented at the Repository as part of 
Alternative F, since operation of the MITU@ would not be feasible there. Alternative F also 

provides the greatest amount of actual contaminant destruction. Most of the CVOCs will be 

thermally destroyed, and only a small percentage of CVOC mass is expected to be transferred 

• to a different media (activated carbon adsorption of CVOCs from the hot air). 

• 

Alternative E (MPE) also provides significant removal of contaminant volume (mass) by 

extraction of groundwater and soil vapor at each of the source areas. It was estimated as an 

input parameter for the modeling simulations that 80 percent of existing contaminant mass in 

the source areas would be removed in 2 years of operation of a MPE system. This mass is 

eventually transferred to the air through the discharges of the vacuum pump and the 

groundwater treatment system (air stripping unit). Model results indicate that 87 percent of the 

total mass of TCE would be removed from the aquifer over a 20-year time period. MPE would 

be the most effective of all the alternatives at decreasing the concentration at the downgradient 

end of the plumes, over the 20-year period evaluated by the model simulations. The toxicity of 

contaminants is not reduced by this alternative. 

Alternative D (111 situ enhanced bioremediation) ranks first in the reduction of toxicity in the 

short term, as it reduces PCE to TCE and then to the less toxic compound 1,2-DCE. However, 

there is a potential to actually increase groundwater toxicity as the breakdown products 

degrade to vinyl chloride. This effect, if it occurs, is expected to be for a relatively short time, 

since vinyl chloride has been shown (including evidence from Sites 32/33) to degrade to low 

toxicity products relatively quickly in slightly aerobic conditions and is very volatile when 

discharged to surface water. Through this degradation process, the volume (mass) of 
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contaminants is also reduced, but to a lesser degree than in Alternative E and F. It was • 

estimated as an input parameter of the modeling simulations that 75 percent of the existing 

contaminant mass in the source areas would be reduced by enhanced bioremediation 

(Alternative D). After 20 years, it is estimated by the model that 76 percent of the total mass of 

TCE would be removed from the aquifer over the entire site. This alternative provides very 

little reduction in the mobility of CVOCs, except that which is provided indirectly by pumping 

groundwater from the Upper Sand layer as a source of deoxygenated water for preparation of 

the substrate (lactate) solution. 

Alternative C (phytoremediation) ranks behind Alternatives D, E, and F in most aspects of this 

criterion, mostly due to the passive nature of the technology. It will, however, provide an 

increased level of mobility reduction over Alternative D, since it would act as a cap by 

minimizing infiltration through the source areas, thus reducing the extent of leaching and, in 

turn, the mobility of the CVOCs. 

Alternatives A and B provide much less reduction of toxicity, mobility, or volume than the 

other alternatives. 

8.6 Short-term Effectiveness 
The site is located in a moderately secured, largely unpopulated area. Comments regarding 

protection of the community under this criterion will be limited to workers at the Primex plant 

and temporary visitors to the site, such as Fish and Wildlife Service personnel. 

Both Alternatives A and B provide the greatest amount of protection of the community and of 

workers during implementation, as well as the least adverse impacts to the environment, 

because potential exposure routes are limited to activities associated with groundwater 

sampling. Each, however, represents the alternative with the longest time until the remedial 

objective is achieved. 

Of the remaining alternatives, Alternative C ranks highest with respect to least impact to the 

environment. It actually enhances the environment at the wildlife refuge by providing 

greenery and habitat for wildlife. This alternative also presents a very low risk to the 

community and to workers during implementation. The greatest hazards would involve 

inhalation or ingestion of VOCs or dermal contact with VOC-contaminated soil during planting 

activities, and hazards associated with operating medium-sized earth-moving equipment and 

perhaps in handling horticultural chemicals (fertilizers, pesticides, etc.). This alternative 

requires a longer time to begin treatment (3 years until trees reach maturity) and to reach the 

remedial objective than Alternatives D, E, and F. 
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Alternatives D, E, and Fall involve the use of heavy equipment (drill rigs, dozers, excavators, 

MITU''), which will be a source of noise, combustion exhaust, and physical hazards from 

operation of heavy equipment. Alternative F will likely have the largest equipment operating 

for the longest time, while Alternatives D and E will use equipment of similar, smaller size and 

for similar durations. All will involve some degree of hazard related to inhalation or ingestion 

of VOCs while excavating or drilling, but the MITU® will have the lowest hazard due to its 

enclosed treatment chambers. The MITU"' is more likely to create a dust concern than most 

other alternatives, except possibly Alternative D. Alternative F will have areas with varied 

compaction, leaving them to settle over time after treatment is completed. This is not viewed as 

a significant problem, since construction in the source areas following treatment is not 

expected. Alternative F requires the shortest time until the remedial objective is met of any 

alternative. Alternatives D and E rank behind Fin this category, while the other alternatives 

are well behind D and E. 

Alternatives D and E have similar low impacts regarding risk to the community during 

implementation. Each requires well installation, trenching, and earth moving. Alternative D 

will have a greater concern with dust control than other alternatives, except Alternative F, 

because of the earthwork involved with constructing the infiltration galleries. This is not 

expected to be a serious problem. Alternative E will have similar concerns, although to a lesser 

extent, due to trenching activity. Alternatives D and E will also involve construction of 

buildings and/ or tankage at each source area. 

Alternatives E and F will produce a water and air discharge during implementation. Neither is 

expected to be detrimental to the community, workers, or the environment. 

8.7 Implementability 
Each of the alternatives is readily implementable at the site. Alternatives A and B present the 

least concern with respect to implementability. In fact, both have already been successfully 

implemented at the site to some degree. 

Alternative E would rank highest of the remaining alternatives under this criterion. Its 

installation is straightforward, using conventional construction equipment and system 

components. MPE has been implemented at full scale on several sites, and has a proven track 

record. It is as reliable as any of the other alternatives in terms of performance, and may be 

more robust than the MITU.BJ in that regard. Other than weather, few technical problems would 

delay the implementation schedule for MPE. 

Alternative Franks next under implementability. The power unit that drives the MITU"'' allows 

it to pulverize subsurface obstacles, such as cobbles, concrete, etc., so difficulties with the 
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excavation component of the process are expected to be minimal. Also, if a particular zone in • 

the treatment area does not meet the cleanup standard, it can be retreated in-place with relative 
ease by the MITU~j. The MITU@ is a patented technology and is only available through one 

contractor, so competitive bidding would be limited. The largest uncertainty with this 

alternative is the achievable treatment effectiveness of the Upper Clay soil, because the cl~y will 

likely contain a relatively high moisture content at the time of treatment, despite the 
dewatering step prior to use of the MITU"'. If the moisture content is too high, the rate of 

treatment will be significantly reduced because the moisture will have to be heated and 

evaporated before desorption and destruction of the VOCs takes place. In addition to possibly 

decreasing the achievable VOC removal efficiency, the reduction in the treatment rate caused 

by excessive soil moisture would significantly lengthen the overall treatment duration, and 

increase costs. 

Existing underground utilities, if present, could be a relatively significant problem for 

implementing Alternatives E and Fat the 1-1-2 and 1-1-23 source areas. However, the 

successful completion of the PCB-soil excavations and installation of monitoring wells in these 

areas provides some indication that existing buried utilities may not be extensive. 

Alternative C is likely to be no more difficult to implement than the other alternatives, except 

for the uncertainty at this time of the required planting technique in the source areas. The trees 

can be planted rapidly using a trenching machine in most areas where it is assumed no 

subsurface obstructions (cobble, concrete, utilities, etc.) exist that would slow or stop the 

trencher. However, wherever the rooting depth approaches or exceeds 10 feet below grade, 

such as at each of the source areas, the supply of oxygen to the roots becomes a concern that 

must be addressed. This problem has been addressed at other sites by using air tubes that are 

installed near the root zone and extend to the surface, where they can be vented passively or 

actively with a blower and pipe manifold. Questions regarding the feasibility of and need for 

this oxygen supply approach present uncertainty with respect to schedule and overall cost of 

implementation for Alternative C. 

Alternative D is as straightforward to install as the MPE systems. It also would require no 

special equipment or system components, and bulk chemicals (nutrient solution and sodium 

sulfite) are available from a number of vendors who will deliver to the site. Implementation of 

the infiltration galleries, as well as the injection rates at the site, pose the greatest uncertainty. 

These are also difficult to predict without a pilot-scale test at the site. 

8.8 Cost 

A comparison of estimated costs for each alternative is presented in Table 8-1. 
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Alternative A is the least costly alternative, since it requires no action other than the compliance 

monitoring required by the Consent Decree. Alternative B has additional monitoring costs and 

ranks second. 

Alternative C has the lowest cost of all of the "active" alternatives, but this could increase 

significantly depending on planting depth requirements and techniques in the source areas. 

Also, the level of increased protection provided is much lower than Alternatives D through F. 

Alternative F provides the highest level of increased protectiveness based on groundwater 

quality improvement (along with Alternative E), but at a significantly higher cost than either 

Alternative D or E. 

Alternative E provides increased protectiveness over Alternative D at a moderately high cost. 

Both of these alternatives allow flexibility in the future for additional treatment, if required, 

simply by extending the duration of operation. This would occur at a predictable cost in both 

cases. Also, both alternatives would allow flexibility of adding enhancements to the treatment 

technology in the future. For example, Alternative D could be enhanced by 

injection/ infiltration of an alternative substrate or other material. Alternative E could be 

enhanced by adding in situ soil heating by electric, steam, or radio frequency heating 

techniques. Costs for these enhancements are less predictable at this time and would likely be 

significantly higher than simply extending the period of operation . 

8. 9 State Acceptance 
The state (support agency) acceptance criterion evaluates the technical and administrative 

issues and concerns the state may have regarding each of the alternatives. As discussed earlier 

in this section, this criterion will be addressed by the USEPA in the Decision Document 

prepared for the groundwater remedy. 

8.10 Community Acceptance 
The community acceptance criterion evaluates issues and concerns the public may have 

regarding each of the alternatives. This criterion will be addressed by the USEPA following 

public notice and participation procedures to be determined by the USEPA . 
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Sample# 141-DPVE-1-2-3 

Location# 1-1-23 

Time 1500 

Ana lyle Method CAS# 07/15/98 

Dichlorodlfluoromethane CLP (in uglkg) 75-71-8 BQL 

Chloromethane CLP 74-87-3 BOL 

1 ,2-DG-1, 1 ,2,2-TFA CLP 76-14-2 28 B 

Bromomethane CLP -18 BQL 

Vinyl Chloride CLP 75-01-4 BQL 

Chloroethane CLP 75-00-3 BOL 

Trichlorofluoromethane CLP 75-69-4 BQL 

Methylene Chloride CLP 75-09-2 590 

Acetone CLP 67-64-1 200 

Carbon Disulfide CLP 75-15-0 BQL 

1 , 1-Dichloroethene CLP 36 BQL 

1, 1-Dichloroethane CLP 38 BQL 

1, 1,2-TC-1,2,2-TFA CLP 76-13-1 BQL 

cis-1 ,2-Dichloroethene CLP 540-59-0 58 

trans-1 ,2-Dichloroethene CLP 156-60-5 BQL 

Chloroform CLP 67-66-3 BQL 

1 ,2-Dichloroethane CLP 99 BQL 

2-Butanone CLP -16 16 

1,1, 1-Trichloroethane CLP 10 BQL 

Carbon Tetrachloride CLP 26 BQL 

1 ,2-Dichloropropane CLP -14 BQL 

cis-1 ,3-Dichloropropane CLP 105 BQL 

\.}.l 
See RMT attachment for footnotes 

• 
Table 4-1 

Laboratory Data 
Site 32/33 Air (T12-3233-xxxx-xx) 

Pilot Test 
Informational: Not in QAPP 

142-SPRG-1-23 143-SPRG-1-23 146-DPVE-1-2 

1-1-23 1-1-23 1-1-2 

1230 1630 1700 

07/16/98 07116/98 '07/17198 

BOL BOL BOL 

BQL BOL BOL 

BQL BOL 120000R 

BOL BOL BOL 

BOL BOL 58 

BOL BOL BOL 

BOL BOL BOL 

BOL BOL 22 

69 aoL BOL 

BOL BOL BOL 

BOL aaL BQL 

BQL BOL BOL 

BQL BOL BOL 

75 700 22 

BOL BQL BQL 

BQL BQL BQL 

BQL aaL BOL 

1200 BQL 85 

BQL BQL BOL 

BQL BOL BOL 

BQL BOL BQL 

BOL BOL BQL 

• 
Table prepared by FDGTI 

147-SPRC-1-2 148-SPRG-2-2 150-DPVE-A9 152-SPRC-1-A9 153-SPRC-2-A9 

1-1-2 1-1-2 Repository Repository Repository 

0900 1540 1410 1000 1600 

07/18198 07/18/98 07119/98 07/20196 07/20196 

BOL BQL BOL BOL BOL 

BOL BOL BOL BOL BOL 

8900R 6000R BOL BOL BOL 

BOL BQL BOL BOL BOL 

BOL BQL 7 5 46 

BOL BOL BOL BOL BOL 

aoL BOL BOL SOL BOL 

BOL BQL 2J SOL BOL 

SOL BQL 14 BQL 15 

BOL BQL BOL BQL SOL 

SOL BQL BOL BOL BOL 

BOL BQL BQL BQL BOL 

BQL BQl BQL BOL BQL 

BQL BOL 51 44 BQL 

BOL BQL BOL SOl 34 

BQL BQL BQL SOL BOL 

BQL BOL BOL BOL BOL 

160 J 240 6 BQL BOL 

BOL BQL BQL BOL BQL 

BOL 8QL BOL BQL BOL 

BOL BQL BOL BOL BOL 

BQL SOL BOL BQL BOL 

H'\data\projects\4 781\pilot tes!\FDGTip! xis 



Trichloroethane CLP 79-{)1-6 

1,1,2-Trichloroethane CLP 74 

Benzene CLP 26 

trans-1,3-Dichloropropene CLP 461 

4-Methyi-2-Pentanone CLP 108-10-1 

2-Hexanone CLP 591-78-6 

1,2-Dibromoethane CLP 106-93-4 

Tetrachloroethane CLP 105 

1,1,2,2-Tetrachloroethane CLP 40 

Toluene CLP 108-88-3 

Chlorobenzene CLP 11 

Ethylbenzene CLP 100-41-4 

Styrene CLP 53 

m,p-Xylene CLP 13-302-07 

o-Xylene CLP 95-47-6 

4-Ethyltoluene CLP 622-96-8 

1,3,5-Trimethylbenzene CLP 108-67-8 

1,2,4-T rimethylbenzene CLP 95-63-6 

1,3-Dichlorobenzene CLP 541-73-1 

Benzyl Chloride CLP 100-44-7 

1 ,4-Dichlorobenzene CLP 106-46-7 

1,2-Dichlorobenzene CLP 95-50-1 

1,2,4-T richlorobenzene CLP 120-82-1 

Hexachlorobutadiene CLP 87-68-3 

GP Work Order# 

Legend: 

J - Value less than the reporting limits but greater than zero. 

R- Rejected value (e.g., lab contamination) 

Table 4-1 

440 260 BQL 

BOL BQL BQL 

BQL BQL BQL 

80L BOL BQL 

BOL BQL BQL 

BQL BQL BQL 

BQL BQL BQL 

10 J 16 J BQL 

BOL BQL BQL 

56 43 BQl 

16 46 BQL 

80L 8QL BQL 

BOL BQL BQL 

BOL BQL BQl 

BQL BQL BQL 

BQL BQL BQL 

BOL BQL BQL 

8QL BQL BQL 

BQL BQL BOL 

BOL BOL BQL 

80L !IQL BOL 

BQL BOL BOL 

BQL BQL BQL 

80L BOL BOL 

9808074 9808074 9608074 

B - Indicates that the compound was found in the associated blank and exceeds the Quanlitalion Limit (CRDL) 

BQL - Below Quantitation Limit 

See RMT attachment for footnotes 

• • 

Table prepared by FDGTI 

20 J BOL BQL 190 230 1300 

BQL BQL BQL BQL BQL BQL 

BOL BQL BQL BQL SOL BOL 

BQL BQL !IQL BQl BQL BQL 

BQL !IQL BOL BQL BOL BQL 

aaL BQL BQL BQL BQL BOL 

BOL BQL BQL BQl BOL BQL 

80L BQL BQL BOL 2J 11 

BOL BQL BQL BQL BQL BOL 

37 BOL BOL 25 7 5 

BQL BOL BOL BQL BQL BQL 

BQL !IOL BOL BQL BQL BOL 

BOL BOL BOL BQL BQL BQL 

BOL BQL BOL BQL BOL BOL 

BOL BQL BQL BQL BQL BQL 

SOL BQL BQL BQL BQL BQL 

80L BQL BQL BQL BQl BQL 

80L BQL BQL BQL SOL 4 

BQL BQL BQL BQL BQL BQL 

BQL BQL BOL BQL BQL BOL 

BQL BOL BQL BQL BQL !IOL 

BOL BOL BOL BQL SOL BQL 

BOL BQL BQL BOL BQL BQL 

BOL BQL BQl BQL BQL BOL 

9808074 9808074 9608074 9808074 9806074 9808074 
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Footnotes For Laboratory Data 
Site 32/33 Air (T12-3233-xxxx-xx) 

Pilot Test 

Notes for FDGTI Pilot Test Air Data Table: 

1. Data are from submittal from FDGTI to USEPA dated 10/23/98. 
2. Reported units of 1-1g/kg are not believed to be accurate for these air sample data. Possible 

units may be parts per billion by volume (ppbv), not by weight. 
3. Sample I.D. of "SPRC" is believed to be incorrect. Correct I.D. believed to be "SPRG," based 

on consistency with laboratory data reports. 
4. Lab report shows 1,2-DC-1,1,2,2-TFA concentration for sample 146-DPVE-1-2 as 22,000 

ppbv . 
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Table 4-2 

Laboratory Data 
Blank Corrected 

Site 32/33 Groundwater (T16-3233-xxxx-xx) 
Pilot Test 

Sample# 0135-DPH 0144-DPVE 

Well# 1-1-23 1-1-2 

Anatyte Method CAS# 07113198 07/17/98 

bis(2-Ethylhexl)phthalate CLP (in ug/kg) 29 SQL SQL 

di-n-Octylphthalate CLP 33 SQL 8QL 

Benzo[b]fluoranthene CLP 104 BQL BQL 

Benzo[k]fluoranthene CLP 190 BQL SOL 

Benzo[a]pynsne CLP 10 BQL BQL 

tndeno[t ,2,3-cd)pynsne CLP 149 SQL BQL 

Dibenz[a,h]anlhracene CLP -20 BQL BQL 

Benzo[g,h,i]perylene CLP - BQL BQL 

Phenol CLP 11 4J BQL 

Bis(2-Chloroethyl) ether CLP 63 BQL SQL 

2-Chlorophenol CLP 30 BQL SQL 

1 ,3-0ichlorobenzene CLP 467 BQL BQL 

1 ,4-0ichlorobenzene CLP 53 BQL BQl 

1 ,2-Dichlorobenzene CLP 44 BQL BQL 

2-Methylphenol CLP 40 BQL BQL 

2, 2-oxybis-( 1-ch loropropane) CLP - BQL SQL 

4-Methylphenol CLP 57 BQL BQL 

N-N~roso-di-n-propylamine CLP 550 BQL 8QL 

Hexachloroethane CLP -6 BQL BQL 

Nitrobenzene CLP 0 BQL BQL 

lsophorone CLP 18 BQL BQL 

2-Nitrophenol CLP NoCASRN BQL BQL 

2,4-Dimethylphenol CLP 29 BQL 8QL 

bis(2-Chloroethoxy) methane CLP - BQL SQL 

2,4-Dichlorophenol CLP 35 BQL BQL 

1 ,2,4-trichlorobenzene CLP 37 2J BQL 

Naphthalene CLP 68 BQL 8QL 

4-Ghloroaniline CLP 51 BQL SQL 

Hexachlorobutadiene CLP 16 BQL SQL 

4-Chlor-3-methylphenol CLP - BQL BQL 

2-Methylnaphthalene CLP - BQL BQL 

Hexachlorocyclopentadiene CLP 26 BQL 8QL 

2,4,6-Trichlorophenol CLP 80 BQL BQL 

2,4,5-Trichlorophenol CLP -4 8QL SQL 

2-Chloronaphthalene CLP - BQL BQL 

2-N~roaniline CLP 10 BQL SOL 

Dimethyl phthalate CLP 117 SQL BQL 

Acenaphthylene CLP 104 SQL BQL 

2,6-Dintrotofuene CLP 584 BQL BQL 

3-Nitroan,hne CLP - BQL 8QL 

GP Work Order # 9807107 9807142 

See RMT attachment for footnotes 

Table prepared by FDGTI 

0149-DPVE-A9 

Repository 

07/19198 

SOL 

SOL 

BQL 

8QL 

BQL 

SQL 

BQL 

BQL 

BQL 

8QL 

BQL 

SOL 

BQL 

BQL 

BQL 

BQL 

SOL 

BQL 

BQL 

SOL 

SOL 

BQL 

BQL 

BQL 

BQL 

saL 

BQL 

BQL 

BQL 

SOL 

BQL 

BQL 

BQL 

BQL 

8QL 

aCL 

SOL 

SOL 

saL 

BQL 

9807153 

H:\data\projects\4 781 \pilot testiFDGTipt .xis l 



Table 4-2 Table prepared by FDGTI 

Laboratory Data 
Blank Corrected 

Site 32/33 Groundwater (T16-3233-xxxx-xx) • 
Pilot Test 

Sample# 0135-DPH 0144-DPVE 0149-DPVE-A9 

Well# 1-1-23 1-1-2 Repository 

Analyte Method CAS# 07/13/98 07/17/98 07/19/98 

Chloromethane CLP (in ugfkg) 74-87-3 SOL SOL BQL 

Bromomethane CLP -18 BQL BQL BQL 

Vinyl Chloride CLP 75-01-4 BOL BOL 17 

Chloroethane CLP 75-00-3 SOL SOL BQL 

Methylene Chloride CLP 75-09-2 BQL BQL BQL 

Acetone CLP 67-64-1 BQL BQL BQL 

Garbon Disulfide CLP 75-15-0 BQL BOL BOL 

1, 1-Dichloroethene CLP 36 1 J BOL 13 

1 , 1-Dichloroethane CLP 38 BQL BQL 1 J 

1 ,2-Dichloroethene (total) CLP 540-59-0 200 69 3300 

lrans-1 ,2-Dicllloroethene CLP 156-60-5 3J BOL 32 

Chloroform CLP 67-66-3 BQL BQL BQL 

1 ,2-Dichloroethane CLP 99 BQL BQL 13 

2-Butanone CLP -18 BQL BQL BQL 

1,1, 1-Trichloroethane CLP 10 BQL BQL BOL • Carbon Tetrachloride CLP 28 BQL BQL BQL 

Bromodichloromethane CLP 75-27-4 BQL BQL BQL 

1 ,2-Dichloropropane CLP -24 BQL BQL BQL 

cis-1 ,3-Dichloropropane CLP 105 BQL BQL BQL 

Trichloroethane CLP 79-01-6 2000 230 2400 

Dibromochloromethane CLP 124-48-1 BQL BOL BQL 

1,1 ,2-Trichloroethane CLP 74 BQL BQL 44 

Benzene CLP 26 3J BQL SJ 

trans-1 ,3-Dichloropropene CLP 461 BQL BOL BQL 

Bromoform CLP 75-25-2 BQL BOL BQL 

4-Methyi-2-Pentanone CLP 108-10-1 BQL BQL BQL 

2-Hexanone CLP 591-78-6 BQL BQL BQL 

Tetrachloroethane CLP 105 130 31 120 

1,1 ,2,2-Tetrachloroethane CLP 40 BOL BOL 2J 

Toluene CLP 108-88-3 BQL BQL 6J 

Chlorobenzene CLP 11 180 BOL BQL 

Ethyl benzene CLP 100-41-4 BQL BOL 2J 

Styrene CLP 53 BQL BQL BQL 

Xylenes (total) CLP 1330-20-7 BQL BQL 10 • Acenaphthene CLP 42 BQL BQL BOL 

See RMT attachment for footnotes. H :\datalprojects\4 761\pWot test\F DGT I ptxl s z 
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Table 4-2 Table prepared by FDGTI 

2,4-Dinitrophenol CLP 18 BQL BQL BQL 

4-Nitrophenol CLP No CASRN BQL BQL BQL 

Dibenzofuran CLP 59 BQL BQL BQL 

2,4-Dinitrotoluene CLP 105 BQL BQL BQL 

Diethylphthalate CLP 16 BQL BQL BQL 

4-Chlorophenyl phenyl ether CLP 49 BQL BQL BQL 

Fluorene CLP 6 BQL BQL BQL 

4-Nitroaniline CLP 100-01-6 BQL BQL BQL 

4,6-Dinitro-2-methylphenol CLP - BQL BQL BQL 

N-nitrosodiphenylamine CLP 50 BQL BQL BQL 

4-Bromophenyl-phenylether CLP 43 BQL BQL BQL 

Hexachlorobenzene CLP 43 BQL BQL BQL 

Pentachlorophenol CLP -4 BQL BQL BQL 

Phenanthrene CLP 85-01-8 BQL BQL BQL 

Anthracene CLP 101 BQL BQL BQL 

Carbazole CLP 4 BQL BQL BQL 

di-n-Butylphthalate CLP 8 BQL BQL BQL 

Flouranthene CLP 162 BQL BQL BQL 

Pyrene CLP 129 BQL BQL BQL 

Butyl benzyl phthalate CLP 10 2J BQL BQL 

3,3-0lchlorobenzidene CLP -4 BQL BQL BQL 

Benzo[a]anthracene CLP -2 BQL BQL BQL 

Chrysene CLP 208 BQL BQL BQL 

GP Work Order # 9807107 9807142 9807153 

legend: 

J -Value less than the repporting limits but greater than zero. 
B- Indicates that the compound was found in the associated blank and exceeds the Quantitiation limit 
R- Rejected value (e.g., Jab contamination) 
BQL- Below Quantitation limit 

See RMT attachment for footnotes. H :\data\projects\4 781 \pilot test\FDGTipt.xls lJ 
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Footnotes For Laboratory Data 
Site 32/33 Air (T12-3233-xxxx-xx) 

Pilot Test 

Notes for FDGTI Pilot Test Air Data Table: 

1. Data are from submittal from FDGTI to USEPA dated 10/23/98. 
2. Reported units of )lg/kg are not believed to be accurate for these air sample data. Possible 

units may be parts per billion by volume (ppbv), not by weight. 
3. Sample I. D. of "SPRC" is believed to be incorrect. Correct I.D. believed to be "SPRG," based 

on consistency with laboratory data reports. 
4. Lab report shows 1,2-DC-1,1,2,2-TFA concentration for sample 146-DPVE-1-2 as 22,000 

ppbv . 

1:\ 1-VPMSN\ PJT\00-04781 \ 03\Z000478103.1J01.DOC 07(14/99 II 



• 
PARAMETER 

Dual-Phase Extraction (DPE) 
Test 

Pumpmgrate- OPE 
Maximum drawdown at OPE 
well 
Drawdown notes 

Vacuum response notes 

Vacuum & airflow 
Water sample analysis 

Air sample analysis 

Air Sparge/Soil Vapor 
Extraction Test 
Sparge well pressure & airflow 
SVE extraction well vacuum & 
airflow 
Radius of influence- air sparge 

Radius of influence- SVE 

Air sample analysis 

Notes for AS/SVE test 

Notes: 

• Table 4-3 
Pilot Test Summary -

Crab Orchard National Wildlife Refuge- PCBOU Sites 32/33-
Marion, Illinois 

BUILDING 1-1-23 BUILDING 1-1-2 

July 13, 1998 a11d July 15, 1998 July 17, 1998 
11.5 l1r pump test; 4.0 lzr p11111p test, DPE + 5 llrs 6 hr pump test, OPE + 5 hrs 
6 gpm for OPE test 5-6 gpm 
Unclear, probably 2- 3 feet, but not down lo sand > 20.9 feel 
unit. 
Draw down less than 3 feet m MPs, which affects Heads in MPs 2, 3 & 4 dropped almost as quickly as 
vacuum influence. the DPE extraction well. Not able to dewater al MP-1 

to the sand layer, which affects vacuum influence. 
See note under "vacuum response" below. 

No vacuum response in any Ml's. Good vacuum response noted in MPs 2, 3 & 4 while 
drawdown occurred. None noted in MP-1 (43' away) 
or in SVE wells. Artificial ROI of 30' in sand unit. 

218 in H20, 12 dm<ll l88 in H20, 11 cfmm 
PCE: 130 ~tg/L PCE: 31 ~tg/L 
TCE: 2000 ~tg/ L TCE: 230 ~tg/L 
cis-1,2-0CE: 200 ~-tg/L cis-1,2-DCE: 69 ~tg/L 
VC: BQL VC: BQL 
Total CVOCs: 524 ppbv Total CVOCs: 78 ppbv 
TCE: 440 ppbv TCE: 20 ppbv 
Freon 113: 28 ppbv Freon 1·13: 120,000 ppbv 
Other VOCs: 862 ppbv Other VOCs: 122 ppbv 
July 16, 1998 July 18, 1998 
AS/SVE test 4 llrs 2 ltr SVE ouly, sparge/vent+ 6 hrs 
21 - 30 psi, 1.8 to 4.7 cfm< I) 10 psi, 0.8 to 1.3 cfm(l) 
Reported vacuum questionable, 7.5- 10.8 cfm,(l) some 188 in. H20, no airflow (0.0 cfm) (I) 
flow noted 
Unclear, approximately 10 to 15 feet, 33MWC-21 8 to 19 feet 
noted as "bubbling". 
<8.5 feet, no response noted <5.5 feet, no response noted 

Total CVOCs: 9,310 ppbv Total CVOCs: BQL 
TCE: 7,400 ppbv TCE: BQL 
Other VOCs: 900 ppbv Freon 113: 8,900 ppbv 

Other VOCs: 160 ppbv 
Unable to recover vapors generated by air sparging Unable to recover vapors generated by air sparging 
due to low permeability soil above area of treatment. due to low permeability soil above area of treatment. 

(I) Annubar readmgs were recorded by FDGTI; readings were converted to flowrdtes using annubar manubcturer's data. 
\ '" 

• 
AREA 9 REPOSITORY 

July 19, 1998 
2.75 hr pump test, DPE + 4.5/~r 
0.3 gpm 
13.7 feet 

Very little response 111 momtoring 
pomts, even al 9.5 feet away. 

Slight vacuum response only in 
MP-1, which is furthest MP from 
OPE well. 
240 in H20, 16 cfm(l) 

PCE: 120 ~tg/ L 
TCE: 2,400 ~tg/L 
cis-1,2-DCE: 3,300 ~tg/L 
VC: .17~-tg/L 

Totnl CVOCs: 248 ppbv 
TCE: 190 pplw 
Other VOCs: 45 ppbv 

July 20, 1998 
2 hr SVE only, 6/tr air sparge/veut 
15- 30 psi, 1.0 to 4.9 cfm(l) 
200 in H20, 6.8 - 18.3 cfm 

Unclear, <5.8 

<5.8 feet, no response noted, exn'rt 
for slight response al MP-1 
Total CVOC&: 1393 ppbv 
TCF: 1,300 ppbv 
Other VOCs: 24 ppbv 

Unable to recover vapors generated 
by air sparging due to low 
permE'abilily soil above ar<>a of 
treatment. 

R<'U/.,l<l/1 /, /11111.1(// if 200() 
I \l\P.A.1'-r,".1 \P/l\111J IJL81\II\\fl!l()rJ/:"X/Ol,01JI/!I!( 
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Inappropriate as potential 
Legend; response component 

1 I Appropriate to consider as 
component of response act1on 

!General Response 
I Action 

Technology I Process Option I 
No Action H ... __ N_o_n_e_...-JHL __ N_o_n_e __ .J 

To Table 
Page2 

• 
TABLE5·1 

Identification and Screening of Groundwater Response Technologies 

Description 

No Action is carried through as a 
"baseline" for comparative evaluation 
of potential responses. 

Permanent fencing at East & West 
Swales to minimize potential human and 
wildlife contact with contaminated 
surface water. 

Manned security service or camera 
surveillance. 

Place Groundwater Use Restriction in 
property deed. 

Purchase property. 

I Effectiveness 

Does not measure effectiveness of 
naturally occurring contaminant 
attenuation because monitoring not 
included. 

Generally provides no additional long-term 
effectiveness compared to existing 
conditions. Temporary fencing may be 
appropriate as component of remedial 
construction in some areas. 

Not necessary based on potential 
hazards or risk to environment. No 
additional effectiveness compared to 
existing conditions. 

Not effective since groundwater use 
already controlled on property owned by 
federal government. 

Not effective since no groundwater 
impacts off of existing site property 
owned by federal government. 

I lmplementability 

Can be implemented. 

Can be implemented in several 
areas at site. 

Can be implemented. 

Feasibility based on legal issues 
uncertain. May not be acceptable to 
regulatory agencies. 

Feasibility based on legal issues 
uncertain. May not be acceptable to 
regulatory agencies. 

• 
Comparative l Capital Cost 

Low 

Low 

Medium 

Medium 

Medium 

Tablep.1 



General Response 
Action 

Technology 

From Table 
Page 1 
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Monitoring 

Vertical 
Barriers 

Process Option 

Monitored 
Natural 

Attenuation 

Slurry 
Walls 

Grout 
Curtains 

TABLE5·1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Long-term monitoring of groundwater 
quality improvements by natural attenua
tion processes, under USEPA·approved 
workplans. 

Soil-bentonite or cement-bentonite slurry 
placed In trench around perimeter of 
contaminant source areas, keyed into 
confining base layer. 

Steel sheet piling or HOPE interlocking 
barrier sheets installed around perimeter 
of contaminant source areas, keyed into 
confining base layer. 

Similar to sheet piling, except piles are 
removed and grout injected into void 
space. 

Closely-spaced holes drilled around 
perimeter of contaminant source areas, 
to confining base layer. Grout injected 
into boreholes to provide overlapping 
grout zones. 

Effectiveness 

Effective approach for confirming expected 
groundwater quality improvement following 
contaminant source area remediation. 

Potentially effective in preventing further 
leaching of CVOC source material into 
groundwater at some site source areas, if 
wall can be keyed into Lower Clay unit. Not 
effective for source beneath Repository. Not 
effective in destroying CVOC source material. 

Potentially effective in preventing further 
leaching of CVOC source material into 
groundwater at some site source areas, if 
piling can be keyed Into Lower Clay unit. 
Not effective for source beneath Repository. 
Not effective In destroying CVOC source 
material. 

Potentially effective in preventing further 
leaching of CVOC source material into ground· 
water at some site source areas, if grout 
screen can be keyed into Lower Clay unit. 
Not effective for source beneath Repository. 
Not effective in destroying CVOC source 
material. 

Potentially effective in preventing further leach
ing of CVOC source material into groundwater 
at some site source areas, If grout curtain can 
be keyed into Lower Clay unit. Not effective for 
source beneath Repository. Not effective in 
destroying CVOC source material. 

• 

lmplementability 

Can be implemented. 

Construction believed to be 
possible with specialized equip
ment, due to depth requirement for 
wall. 

Construction may be impractical 
due to physical difficulties. 

Construction may be impractical 
due to physical difficulties. 

Construction may be impractical 
due to physical difficulties. 

Comparative 
Capital Cost 

Low 

High 

High 

High 

High 

Tablep.2 
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General Response 

Action 

Removal 

i"lwpmsnlmktlprojlproj\p4 781 03" pmS 

Technology I Process Option I 

Extraction 

Excavation 

Interceptor 
Trenches 

Vertical 
Extraction 

Wells 

Horizontal 
Extraction 

Wells 

Multiple 
Phase 

Extraction 

• 
TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Perforated pipe laid In trench installed 
across groundwater flow path, with 
pump in sump. 

Vertical extraction well(s) to remove 
contaminated groundwater using 
various types of equipment and meth
ods. 

Well(s) drilled and installed horizontally 
into Upper Sand at source areas 

High-vacuum pump removes combina
tion of contaminated groundwater, and 
soil vapors from vertical well(s). 

Submersible pump used in vertical 
well(s) at source areas to create cone 
of depression. CVOCs then removed 
from enlarged vadose zone via a 
vacuum pump connected to the same 
well(s). 

Conventional heavy excavation equip
ment is used to excavate contaminated 
soil. Soil is disposed at an off-site 
Subtitle D or C landfill. Objective is to 
minimize further leaching of CVOCs to 
groundwater. 

I Effectiveness 

Effective In intercepting plumes in Upper 
Sand, to remove dissolved CVOC mass 
via groundwater extraction. 

Effective in removing dissolved CVOC 
mass via groundwater extraction at 
source areas and in preventing further 
source mass from entering plumes. 

Effective in removing dissolved CVOC 
mass via groundwater extraction at source 
areas and in preventing further source 
mass from entering plumes. Additional 
benefit of dewatering Upper Clay for 
application of other technologies. 

Capable of removing liquid and gas (soil 
vapors) from low-permeability or 
heterogeneous formations. 

Capable of removing liquid and gas (soil 
vapors) from heterogeneous formations. 
Effectiveness is limited based on results 
of 1998 pilot testing at the site. 

Pending detailed characterization, 
capable of complete removal of CVOC 
mass, thereby minimizing further 
leaching of CVOCs to the groundwater 
in a relatively short period oftime. 

I lmplementablllty 

Construction may be impractical 
due to physical difficulties of 
trenching depths. 

Can be constructed. Difficult to route 
electrical conduit and pump discharge 
pipe to well(s) constructed through 
Repository waste since trenching into 
waste material not desirable. 

Can be constructed. Better ap
proach for source beneath Reposi
tory since wellheads can be at 
ground elevation at base of Reposi
tory waste. 

Can be constructed. Difficult to route 
pump discharge pipe(s) to well(s) 
constructed through Repository waste 
since trenching into waste material not 
desirable. 

Can be constructed. Difficult to route 
pump discharge pipe(s) to well(s) 
constructed through Repository waste 
since trenching into waste material not 
desirable. 

• 
IComparative l 

Capital Cost 

High 

Medium/High 

Medium/High 

Medium/High 

Medium/High 

Can be constructed. May need to use High 
sheeting/shoring for deep excavations. 
Not feasible for Repository due to 
presence of PCB impacted soil. Disposal 
costs are uncertain. 

Tablep.3 



General Response 
Action 

Treatment 

Technology 

In-Situ 
Treatment 

To Table 
PageS 
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Permeable 
Treatment 

Walls 

To Table 
PageS 

TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Injection of compressed air below water 
table within plume through series of wells 
to volatilize VOCs and stimulate biodegra
dation. Recovery of VOCs in soil pore gas 
via soil vapor extraction (SVE) system. 

Similar to air sparging except steam 
injected instead of air to enhance VOC 
volatilization and possibly stimulate 
biodegradation. 

Trench or pit installed across groundwater 
plumes flow path in Upper Sand, filled with 
permeable material mixture (e.g., zero
valent iron) to "actively" or "passively" treat 
water flowing through the wall. 

Uses electro-thermal process to volatilize 
CVOCs from unsaturated soil, which are 
then removed by vapor extraction. 

Effectiveness 

Pilot-scale field tests at Sites 32/33 
showed air sparging to be ineffective and 
possibly detrimental to groundwater 
cleanup due to stratification. Potential to 
cause increased groundwater 
contaminant concentrations if rate of 
VOC volatilization and vertical movement 
to atmosphere or soil vapor collection 
point is insufficient. 

Uncertain effectiveness due to same 
limitations as Air Sparging. 

Potentially effective for destruction of 
CVOCs In Upper Sand plumes via 
chemical redox reactions. Technology 
still in early stages of full-scale applica
tion. Typically installed downgradient of 
source area(s); does not directly destroy 
CVOC mass at source. 

May not be effective due to soil 
characteristics. Does not require 
dewatering of Upper Clay prior to use, but 
may be more effective if day is dewatered. 

Uses electro-osmosis in treatment zones Effective in low-permeability soils, and for 
located directly in contaminated soil removing CVOCs. 
areas. 

• 

lmplementablllty 

Can be constructed. May precipitate 
dissolved ferrous iron over time, causing 
plugging of saturated soil pores and 
restricted effectiveness ofVOC 
volatilization and removal due to 
reduced soil permeability for vertical air 
movement. 

Can be constructed, but potential 
operating problems similar to Air 
Sparging. Significant amount of 
operation and maintenance attention 
required. 

Probably constructable, but potential 
difficulties due to trenching depths 
required. Potentially significant 
operational problems or limitations. 

Can be constructed. Must be used 
with vapor extraction option. 

Difficult or impractical construction. 
Must be used with vapor extraction. 

Comparative 
Capital Cost 

Medium 

High 

High 

High 

High 

Tablep.4 
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General Response 

Action 
Technology Process Option 

From Table 
Page4 

Treatment 

To Table 
Page6 
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To Table 
Page 6 

Chem1cal 
Oxidat1on 

• 
TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Series of injection wells or infiltration 
trenches to introduce oxidizing chemical 
solutions into groundwater to react with 
and degrade organic contaminants. 

A primary substrate solution is injected 
into a contaminated groundwater area. 
In the process of oxidizing the substrate, 
the microbial population degrades the 
contaminants. 

Providing nutients, electron acceptors 
and/or electron donor (food source) 
materials to impacted groundwater/soil to 
accelerate the natural biodegradation 
process. Nutrient solutions can be 
delivered to soil via injection or gravity 
infiltration. 

Various designs provide below-grade air 
stripping, vacuum vapor extraction, and/ 
or biological treatment, some within 
patented well design. 

Effectiveness 

Requires full-scale field test to determine 
effectiveness and design criteria. 
Probably minimal effectiveness, due to low 
permeability of Upper Clay at CVOC 
source areas. 

Bench-scale and/or field pilot-scale tests, 
and characterization of existing 
microorganism populations, required to 
determine ability to influence degradation. 
Co-metabolic degradation is an aerobic 
process; would require significant 
alteration of existing anaerobic conditions 
in source areas. 

Bench-scale and/or field pilot-scale tests 
and characterization of existing 
microorganism populations required to 
determine ability to influence 
biodegradation, and site-specific 
effectiveness. 

New technology with little documented 
results. Would require full-scale field test 
to determine effectiveness and design 
criteria. May not be effective for site 
conditions (low-permeability soil). 

lmplementablllty 

Significant engineering and process 
control problems. May precipitate 
dissolved ferrous iron and other metal 
ions, causing plugging of saturated soil 
pores and restricted effectiveness of 
organics degradation. 

Potentially difficult to maintain aerobic 
conditions throughout impacted Upper 
Clay that are sufficient for active co
metabolic biodegradation. 

Generally implementable. Potential 
limitation due to low rate of delivery of 
substrate/nutrient solution into low
permeability clay in source areas. 

Can probably be constructed. 
Uncertain operation and 
maintenance requirements and 
potential problems due to new 
technology. 

• 
Comparative 
Capital Cost 

High 

Medium 

Medium 

Medium/High 

Tablep.5 
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Technology 

From Table 
PageS 

Process Option 

Monitored 
Natural 

Attenuation 

To Table 
Page 7 

Activated 
Carbon 

TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Equipment excavates, treats soil via 
hot air stripping of VOCs, and backfills 
deep trenches in source areas in one 
pass. 

Use of various plant spades to 
remediate soil and groundwater. 

Use of existing naturally occurring 
contaminant attenuation and 
degradation mechanisms. 

Packed-column or shallow-tray type air 
stripping unit or cascade aeration at 
point of discharge. 

Activated carbon in removable 
canisters or fixed-mounted vessels for 
gas-phase or liquid-phase treatment of 
VOCs. 

Thermal or catalytic oxidizer for 
destruction ofVOCs in gas-phase. 

Effectiveness 

Effective in removing residual CVOCs 
from Upper Clay and reducing need for 
off-site disposal of excavated material. 
Proprietary equipment provided by only 1 
company. 

New technology - little long-term 
performance data exists. Some 
documented effectiveness for CVOCs in 
groundwater. 

Source control measures with 
natural attenuation processes 
expected to reduce contaminant 
concentrations over time. 

Effective for VOC constituents of 
concern in groundwater. 

Effective for detected VOCs except 
vinyl chloride. 

Effective for all VOCs in site 
groundwater. Not practical for low VOC 
concentrations in groundwater. 

• 

lmplementability 

Expected to be implementable at 1-1-2 
and 1-1-23 source areas. Not feasible for 
source beneath Repository. Requires 
dewatering of Upper Clay prior to use of 
equipment. 

lmplementable, particularly in areas of 
shallow contamination. 

Current conditions indicate natural 
degradation ofCVOCs in ground
water is already occurring at the 
site. 

Can be constructed. Proven technology 
with predictable results and known 
design criteria. Must be used in combi
nation with groundwater extraction 
option. 

Can be constructed. Proven technology. 
Must be used in combination with 
groundwater extraction option. 

Can be constructed. Supplemental fuel 
source required. Must be used in 
combination with groundwater extraction 
or soil vapor extraction option. 

Comparative 
Capital Cost 

High 

Low 

Low 

Medium 

High 

Medium/High 
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Technology 

From Table 
Page6 

Process Option 

• • 
TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description Effectiveness lmplementablllty Comparative 
Capital Cost 

Various process options for aerobic 
biological treatment. 

May not produce treated water quality 
required for discharge without 
supplemental polishing treatment. 
Requires bench-scale and/or pilot-scale 
testing to determine effectiveness and 
design criteria. 

Can be designed and constructed. Medium 

Various process options for anaerobic 
biological treatment. 

Addition of oxidizing chemicals to 
groundwater, sometimes with ultraviolet 
light, to oxidize organics. 

Install pump station and force main to 
nearest POTW, or truck from site to 
POTW. 

Pump extracted groundwater directly to 
point-source discharge Into lake at new 
outfall. 

Comments similar to those shown for 
Aerobic Biological. 

Some concurrent oxidation and 
precipitation of metals likely to occur. 
Bench-scale and/or pilot-scale testing 
required to confirm effectiveness and 
design criteria. 

POTW expected to be effective in 
treating groundwater contaminants, but 
confirmation required. 

Not effective for removal ofVOCs from 
groundwater. Relies on dilution and 
volatilization in surface water to reduce 
VOC concentrations. 

Treatment process is more susceptible to 
upsets and requires more operation and 
maintenance attention and operator skill 
than physical-chemical process equipment. 
Must be used in combination with 
groundwater extraction option. 

Comments similar to those shown for 
Aerobic Biological. Anaerobic condi
tions may be impractical to maintain. 

Can be designed and constructed. Must 
be used in combination with groundwater 
extraction option. 

Impractical due to distance. 
Dependent on willingness of POTW 
to accept groundwater over a 
several-year period, and special 
requirements or limitations that may 
be imposed. 

Requires discharge permit. Would 
not likely be implementable 
( regulatorily acceptable)without 
treatment. Could result in unaccept
able VOC concentrations in lake. 

Pump extracted groundwater after Effective and beneficial use of groundwater, Expected to be constructible, 
treatment to point-source discharge into especially during drought conditions. although significant length of buried 
lake at new outfall or into surface water force main required. Requires 
impoundments for wildlife on west side discharge permit. 
of Highway 148. 

Medium/High 

Medium/High 

Low/Medium 

Low 

Medium 

Tablep.7 
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Action 

On-Site 
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Treated 
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Process Option 

Injection 
Wells 

TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Series of wells for injecting treated water 
into sandstone aquifer for recharge. 

Gravity discharge of water to perforated 
pipe laid in trench system or drainfield 
with permeable backfill, or to earth 
basin for gravity infiltration into 
groundwater. 

Discharge to existing drainage 
channels on-site (with ultimate 
discharge into lake). 

Provide pumps and piping to distribute 
treated groundwater to existing use 
points at site production facilities. 

Provide pumps and piping to distribute 
treated groundwater to selected site 
areas for irrigation. 

Effectiveness 

Provides conservation of groundwater 
resource. 

Not as effective as Injection wells, but 
potentially viable in combination with 
other disposal technologies. No additional 
effectiveness compared to discharge to 
on-site surface drainage channels. 
Provides conservation of groundwater 
resource. 

Effective disposal option that takes 
advantage of existing site drainage 
patterns. Would meet limits required in 
surface water discharge permit. 

Provides effective use of groundwater 
resource. Potential service water supply 
for on-site production operations and 
general maintenance. 

Provides effective use of groundwater 
resource. Could provide irrigation for trees 
or plants used as part of phytoremediation 
approach for groundwater treatment. Does 
not provide means for disposal of treated 
groundwater during non-growing season. 

• 

lmplementablllty 

Can be constructed. Injection flowrate 
expected to be adequate for extracted 
groundwater flowrate from shallow 
system. May be subject to state 
statutory prohibition. If not, rnay still 
require variance and will require state 
permit. Requires polishing step to 
meet MCls and to provide stable 
water chemistry with low nonfilterable 
solids level. High level of maintenance 
required compared with other disposal 
options. 

Uncertain ability to achieve required 
infiltration rate due to local site 
hydrogeologic and hydrologic 
conditions. May have seasonal 
limitations. Impractical due to high 
water table. Discharge limits would 
likely equal MCLs. 

lmplementable design, construction, 
operation, and maintenance. 
Requires discharge permit. Discharge 
limits equal to MCLs likely. 

Impractical as sole disposal method 
due to variable water flowrate 
demand. Current production 
operations not believed to require 
continuous service water supply. 

Expected to be constructible, although 
significant length of bured force main 
required. 

Comparative 
Capital Cost 

Medium/High 

Low/Medium 

Low/Medium 

Low 

Medium 
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Groundwater 

i·lwpmso\mkt\proj\pmj\p4 78103 pm5 

' \ 
\' 

Process Option 

• 
TABLE 5-1 
(continued) 

Identification and Screening of Groundwater Response Technologies 

Description 

Provide pumps and piping to distribute 
untreated groundwater to existing use 
points at site production facilities. 

Discharge to existing on-site drainage 
channels (with ultimate discharge into 
lake). 

Provide pumps and piping to distribute 
untreated groundwater to selected site 
areas for irrigation. 

Effectiveness 

Provides effective use of groundwater 
resource. Potential service water 
supply for on-site production 
operations and general maintenance. 
However, potential for exposure of on
site workers to groundwater 
contaminants. 

Effective disposal option that takes 
advantage of existing site drainage 
patterns. Not expected to meet limits 
required in surface water discharge 
permit. 

Provides effective use of groundwater 
resource. However, potential for 
exposure of on-site workers and wildlife 
to groundwater contaminants. 

lmplementablllty 

Impractical as sole disposal method 
due to variable water flowrate 
demand. Current production 
operations not believed to require 
continuous service water supply. 

lmplementable design, construction, 
operation, and maintenance. Requires 
compliance with discharge permit 
limitations, but would not likely be 
implementable (regulatorily acceptable) 
without treatment to reach MCLs. 

Expected to be constructible, although 
significant length of buried force main 
required. Not likely to be 
implementable (regulatorily acceptable) 
without some amount of groundwater 
treatment. 

• 
Comparative 
Capital Cost 

Low 

Low 

Medium 
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Table S-2 

Definition of Matrix Treatment 
Technologies 

~ .. : . 

~~ Technology II 
~!Soil, Sediment, and Sludge Teehnologi .. 

Description 

!3.1 In Situ Biolopcal Treatment 

~~4.1 Bioventing I Oxygen is de?vered to c~n~a~ ~satur~ted S?ils by forced air 
~ !movement ( e1ther extraction or mJect:Ion of au) to mcrease oxygen 
~ ""ncentrations and stimulate biodegradation. 

4. 2 Enhanced The activity of naturally occurring microbes is stimulated by circulating 
miBiodee:radation twater-based solutions through contaminated soils to enhance in situ 
~ [biological degradation of organic contaminants. Nutrients, oxygen, or 

other amendments may be used to enhance biodegradation and 
contaminant desorption from subsurface materials. 

k·3 Landfanning 1 Contaminated soils are periodically turned over or tilled into the soil to 
L . aerate the waste. 

j14.4 Natural Attenuation !Natural subsurface processes- such as dilution, volatilization, 
~ !biodegradation, adsorption, and chemical reactions with subsurface 

I
~ !materials - are allowed to reduce contaminant concentrations to 

acceptable levels. 
~-5 Phytoremediation IIPhytoremediation is a set of processes that use plants to clean 

~( . contamination in soil, ground water, surface water, sediment, and air. 

1
13.2 In Situ PhysicaVChemical Treatment 

4. 6 Electrokinetic The Electrokinetic Remediation (ER) process removes metals and 
Seoaration organic contaminants from low permeability soi~ mud, sludge, and 

~ marine dredging. ER uses electrochemical and electrokinetic processes 
~i 10 desorb, and then remove, metals and polar organics. This in situ soil 
ti processing technology is primarily a separation and removal technique 
~t for extracting contaminants from soils. 
Q~==============~~======~====================================~ -r· 7 Fracturing I !Pressurized air is injected beneath the surface to develop cracks in low 
~ permeability and over-consolidated sediments, opening new 
U: passageways that increase the effectiveness of many in situ processes 
~ . and enhance extraction efficiencies . 
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Table 5-2 (cont'd) 

4.9 Soil Vapor Extraction 

I pressure/concentration gradient that induces gas-phase volatiles to 
diffuse through soil to extraction wells. The process includes a system 
for handling off-gases. This technology also is known as in situ soil 
venting, in situ volatilization, enhanced volatilization, or soil vacuum 
extraction . 

.!1Q Contaminants are physically bound or enclosed within a stabilized mass 
:Solidification/Stabilization (solidification), or chemical reactions are induced between the 

stabilizing agent and contaminants to reduce their mobility 
(stabilization). 

j3.3 In Situ Thermal Treatment 
4.11 Soil Vanor Steam/hot air injection or electromagnetic/fiber optic/radio 

., !Extraction Thermallv frequency/electrical conduction heating is used to increase the mobility 
~!Enhanced of volatiles and facilitate extraction. The process includes a system for 

handling off-gases. 

~[ Technology If Description 
~!son, Sediment, and Sludge Technologies 
~ 3.4 Ex Situ Biolo2ical Treatment 
~14.12 Biooiles ~xcavated soils are mixed with soil amendments and placed in 

aboveground enclosures. Processes include prepared treatment beds, 
~iotreatment cells, soil piles, and composting. 

y.:r· :13 Composting I Contaminated soils are excavated and mixed with bulking agents and 
organic amendments such as wood chips, animal and vegetative 
wastes, which are added to enhance the porosity and organic content 

. of the mixture to be decomposed. 

1
4.14 Genetically Genetically engineered organisms refer to microorganisms that have 
Enlrineered Ontanisms undergone external processes by which its basic set of genes has been 

altered. 
~4 .15 Landfannina Contaminated soils are applied onto the soil surface and periodically 
~ turned over or tilled into the soil to aerate the waste. 
~4 .16 Sluny Phase !An aqueous slurry is created by combining soil or sludge with water 
~tBioloJrical Treatment ~d other a?diti~es. The sl~ is mix~ to k~ solids suspended and 
~ nu.croorgarusms m contact wtth the soil contaminants. Upon I completion of the process, the sluny is dewatered and the treated soil I .. disposed of 

~=~~~.5~E~x~S~i~tu~P~h3yss~ic~a~l/~C~h~em~ic~ai~T~re~atm~e~n~t===================!l 

l
~k 17 Chemical Extraction ~aste contaminated soil and extractant are mixed in an extractor, 

dissolving the contaminants. The extracted solution is then placed in a 
separator, where the contaminants and extractant are separated for 

~i !treatment and further use. 
14.18 Chemical iReduction/oxidation chemically converts hazardous contaminants to 
~Reduction/Oxidation non-hazardous or less toxic compounds that are more stable, less 
~~ mobile, and/or inert. The oxidizing agents most commonly used are J ozone, hydrogen peroxide, hypochlorites, chlorine, and chlorine 
f11 dioxide. 
~~4.19 Dehalogenation IIReagents are added to soils contaminated with halogenated organics. I 
~~· 
)~ 

~~i 
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4.19 Dehalogenation 

~.20 Seoaration 

~.21 Soil Washin2 

~.22 Soil Vao_or 
·!Extraction 

Table 5-2 (cont'd) 

The dehalogenation process is achieved by either the replacement of 
the halogen molecules or the decomposition and partial volatilization oi 
the contaminants. 
Separation techniques concentrate contaminated solids through 
physical and chemical means. These processes seek to detach 
contaminants from their medium (i.e., the soil, sand, and/or binding 
~aterial that contains them). 
Contaminants sorbed onto fine soil particles are separated from bulk 
soil in an aqueous-based system on the basis of particle size. The wash 
!water may be augmented with a basic leaching agent, surfactant, pH 
adjustment, or chelating agent to help remove organics and heavy 
metals. 
A vacuum is applied to a network of aboveground piping to encourage 
jvolatilization of organics from the excavated media. The process 
includes a system for handling off-gases. 

~.23 Solar Detoxification Solar detoxification is a process that destroys contaminants by using I ~be ultraviolet energy in sunlight. 
~ · !Contaminants are physically bound or enclosed within a stabilized mass 

. Solidification/Stabilization (solidification), or chemical reactions are induced between the 
stabilizing agent and contaminants to reduce their mobility 
(stabilization). 

Technology Description 
Jsoil, Sediment, and Sludge Technologies 

!3.6 Ex Situ Thermal Treatment 
;..., 4.25 Hot Gas The process involves raising the temperature of the contaminated 
· !Decontamination equipment or material for a specified period of time. The gas eftluent 

!from the material is treated in an afterburner system to destroy all 
!volatilized contaminants . 

. 4.26 Incineration lffigh temperatures, 871-1,204 oc (1,600- 2,200 Of'), are used to 
; combust (m the presence of oxygen) organic constituents in hazardous 
li ~tes. 
114.27 Ooen Bum!Ooen In open bum operations, explosives or munitions are destroyed by self-
§! Detonation sustained combustion, which is ignited by an external source, such as 
@: iflame, heat, or a detonatable wave (that does not result in a I detonation). In open detonation operations, detonatable explosives and 
~ munitions are destroyed by a detonation, which is initiated by the 
~ I detonation of a disposal charge. 

~r-28 Pyrolysis !~hemical decomposition is induced in organic materials by heat in the * absence of oxygen. Organic materials are transformed into gaseous I components and a solid residue (coke) containing fixed carbon and ash . 

. 
~~-·,14.29 Thermal Desorotion Wastes are heated to volatilize water and organic contaminants. A 
ij carrier gas or vacuum system transports volatilized water and organics 
li * ~ the gas treatment system . 
·1 I ~~~~~·7:::;C::§ogngt~ai~n~m~egn~t====;;::======================~ 
~14.30 Landfill Cap I!L8Ddfill caps are used for contaminant source control. I 
&14.31 Water Harvesting IIWater harvesting vegetative cover is a land cover that, through I 
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Table 5-2 (cont'd) 

~Vegetative Cover I engineered vegetative design, enhances evaporation, plant 
!transpiration, and moisture removal from the soil. 

~.8 Other Treatment Technolo&jes I • ~32 Excavation Contaminated material is removed and transported to permitted off-site 
Retrieval and Off-Site 
Disoosal 

~eatment and disposal facilities. Pretreatment may be required. 

I Technology ~ Descri~tion I 
jGround Water, Surface Water, and Leachate Technologies I 
~.9 In Situ Biolo:jcal Treatment I 
~.33 Co-metabolic Injection of a dilute solution of liquids and/or gases (e.g., toluene~ 
Treatment methane or oxygen) into the contaminated ground water zone to 

enhance the rate of methanotrophic biological degradation of organic 
~ contaminants. 

4.34 Enhanced The rate of biodegradation of organic contaminants by microbes is 
Biode2radation enhanced by increasing the concentration of electron acceptors in 

ground water. Oxygen is the main electron acceptor for aerobic 
~iodegradation. Nitrate can serve as an alternative electron acceptor 
tunder anaerobic conditions. 

4.35 Natural Attenuation !Natural subsurface processes-such as dilution, volatilization, 
biodegradation, adsorption, and chemical reactions with subsurface 
materials--are allowed to reduce contaminant concentrations to 
acceptable levels. 

~ kt .36 Phvtoremediation of IPhytoremediation is a set of processes that uses plants to clean I On!anics contamination, particularly organic substances, in ground water and 
surface water. 

~ 3.18 In Situ PhvsicaVChemical Treatment ,. 

• 
; 4.37 Aeration ~tion is the process by which the area of contact between water and 

air is increased, either by natural methods or by mechanical devices . 

. ~.38 Air Sparging I lAir is injected into saturated matrices to remove contaminants through 
t·' volatilization. 
ru: 

Bioslurping combines the two remedial approaches ofbioventing and ~14.39 Biosluroing 

* vacuum-enhanced free-product recovery. Bioventing stimulates the 
H 

~~.40 DrrectionW Wells 

aerobic bioremediation of hydrocarbon-contaminated soils. Vacuum-
enhanced free-product recovery extracts LNAPLs from the capillary 
fringe and the water table. 

I Drilling techniques are used to position wells horizontally, or at an 
angle, to reach contaminants not accessible by direct vertical drilling. 

~~ 
A high vacuum system is applied to simultaneously remove various ~4 .41 D~al Phase 

~Extraction combinations of contaminated ground water, separate-phase petroleum 

I product, and hydrocarbon vapor from the subsurface. 

' 4. 42 Fluid!V aoor A high vacuum system is applied to simultaneously remove liquid and 
~Extraction !gas from low permeability or heterogeneous formations. 

!f 4.43 Hot Water or Steam ~~;earn is forced into an aquifer through injection wells to vaporize 
~ Flushin.2/Striooing olatile and semivolatile contaminants. Vaporized components rise to 
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Table S-2 (cont'd) 

Flushing/Stripping 
~~ lithe unsaturated zone where they are removed by vacuum extraction 
~~- . and then treated . 
lv·ll=4.=44=H=y=dro=fr=actunn==. =g==l~~ In=~=.ect=io=n=o=f=p=res=sunz=. =ed=wa=t=er=thr=ou=gh=w=ell=s=c=rac=ks=lo=w=p=erm==ea=b=ili==.ty==l 
" and over-consolidated sediments. Cracks are filled with porous media 

that serve as avenues for bioremediation or to improve pumping 
efficiency. 

!4.45 In-Well Air Air is injected into a double screened well, lifting the water in the well 
Striooimr and forcing it out the upper screen. Simultaneously, additional water is 

drawn in the lower screen. Once in the well, some of the VOCs in the 
contaminated ground water are transferred from the dissolved phase to 
~he vapor phase by air bubbles. The contaminated air rises in the well 
~o the water surface where vapors are drawn off and treated by a soil 
tvapor extraction system. 

14.46 Passive/Reactive These barriers allow the passage of water while prohibiting the 
Treatment Walls movement of contaminants by employing such agents as chelators 

1 (ligands selected for their specificity for a given metal), sorbents, 
~ ~crobes, and others. 

~-~1 ==~T~K~h~n~o~~~gy~==~~================~D~a~cn~·p~t·~·o~n================~l 
~!Ground Water, Surface Water, and Leachate Technologies I 

i14.47 Bioreactors Contaminants in extracted ground water are put into contact with 
~croorganisms in attached or suspended growth biological reactors . 
[n suspended systems, such as activated sludge, contaminated ground 

13.11 Ex Situ Biolol!ical Treatment 

~ [water is circulated in an aeration basin. In attached systems, such as 
§1 otating biological contractors and trickling filters, microorganisms are I established on an inert support matrix. 

4.48 Constructed !The constructed wetlands-based treatment technology uses natural 
!!Wetlands geochemical and biological processes inherent in an artificial wetland 
~ ecosystem to accumulate and remove metals and other contaminants 
! from influent waters. 
113.12 Ex Situ Physical/Chemical Treatment 
*-14.49 Adsorption! lin liquid adsorption, solutes concentrate at the surface of a sorbent, 
S,Absorption . thereby reducing their concentration in the bulk liquid phase. 

~ 4. 50 Air Striooimt Volatile organics are partitioned from ground water by increasing the I surface area of the contaminated water exposed to air. Aeration i methods in~lude packed towers, diffused aeration, tray aeration, and 
1 spray aeration. 
~4.51 Granulated Ground water is pumped through a series of canisters or columns 
~ Activated Carbon containing activated carbon to which dissolved organic contaminants 
~~'GACVLiauid Phase adsorb. Periodic replacement or regeneration of saturated carbon is 
~Carb d . . d ~ on A sorotlon reqwre . 
~~~4. 52 Ion Exchange I Ion exchange removes ions from the aqueous phase by exchange with 
- .~ocuous ions on the exchange medium . 
W, 4. 53 Precioitationl This process transforms dissolved contaminants into an insoluble solid, 
i CoaiDJlation!Flocculation facilitating the contaminant's subsequent removal from the liquid phase 
i-.i 
f# 
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Table 5-2 (cont'd) 

Coagulation/Flocculation 
sedimentation or filtration. The process usually uses pH adjustment, • 

of a chemical · and flocculation. 

nsenaraucm techniques concentrate contaminated waste water through 
and chemical means. 

astewatec is distributed over the top of the filter bed through which 
llw~lSf:e=wa.ter is trickled. The organic contaminants in wastewater are 

the attached to the filter mediwn. 

ll=!:d.!!...!:l!.!:!~~~~~!!!JI mlni\I'IOIIet: (UV) radiation, ozone, and/or hydrogen peroxide are used 
destroy organic contaminants as water flows into a treatment tank. 
ozone destruction unit is used to treat off-gases from the treatment 

weD injection is a liquid waste disposal technology. This 
Naolt.-.rnaon,_ uses injection wells to place treated or untreated liquid 
llwaLSte into underground reservoirs where it will not cause 

hann. 
lllJrOUIIId water pumping is a component of many pump-and-Treat 
IIJ)noce:sses. which are some of the most commonly used ground water 

at contaminated sites. 

subsurface barriers consist of vertically excavated trenches filled 
slurry. The slurry, usually a mixture ofbentonite and water, 

IIDYI~llll:.lcaJlY shores the trench to prevent collapse and retards ground • 

This table is a direct excerpt from the USEPA document titled "Remediation Technologies Screening 
Matrix and Reference Guide,n prepared by the Federal Remediation Technologies Roundtable, NTIS 
PB98-108590, 3rd Edition, Nov. 1997. 
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ALTERNATIVE BUILDING 1·1-2 

A • Compli<mce momtoring of 
groundwater and surface water under 
ROD and Consent Decree, 

B • Groundwater monitonng to evaluate 
effectiveness of existing natural 
attenuation rrocesses. 

• Cmnrltance monitonng of 
groundwater and surface water under 
ROD and Consent Decree. 

c Source Area: 

• Planting of selected trees and plants to 
reduce source mass and leachmg of 
VOC residuals mto saturated sand 
layer. 

Plume: 

• Use of existing lrees and plants m 
marsh/wetland area on east side of 
Hwy. 148 to reduce mass of dissolved 
VOCs remaining m saturated sand 
layer prior to groundwater d1scharge 
to mtermittent stream. 

Source Area aud Plume: 

• Groundwater monitormg to evaluate 
effectiveness of phytorenwdialion and 
existing natural attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

• • Table 6-1 
Primary Components of Remedial Alternatives 

I 

SOURCE AREA AND ASSOCIATED PLUME 

BUILDING 1-1-23 

• Compliance monitormg of 
groundwater and surface waler under 
ROD <lnd Consent Decree. 

• Groundwakr monitoring to t>Valuate 
effechveness of existing natural 
attenuatwn processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

Source Area: 

• Planting of selected lrees and plants to 
reduce source mass and leaching of 
VOC residuals into saturated sand 
layer. 

Plume: 

• Plantinp, of selected trePs and plants 
along lake shoreline and at west swale 
to reduce mass of dissolved VOCs 
remaining in saturated clay and sand 
layers prior to groundwater discharge 
to the swale and the lake. 

Source Area a11d Plume: 

• Groundwater monitoring to evaluate 
effectiveness of phytoremedwtion and 
existing natural attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

GENERAL TYPE OF 
REPOSITORY AREA TECHNOLOGY APPLIED 

• Compliance monitoring of None; limited action 
groundwater and surface water under (baseline) allernahve 
ROD and Consent Decree. 

• Groundwater monitoring to evalual~> Monilon'd nah1ral 
effectiveness of existing natural attenuation 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consenl Decree. 

Source Area: Phytoremediation and 

• Source South of Repository: Planting monitored natural 
of selected trees and plants at source attenuation 
location to reduce source mass and 
leaching of VOC residuals into 
saturated sand layer. 

• Source Beneath Repository: Planting 
of selected trees and plants over top 
area of Repository to cut off surface 
water infiltration into waste materials 
and minimize potential leaching of 
VOCs into groundwater. 

Plume: 

• Planting of selected trees and plants 
across plume width along East Swale, 
to reduce mass of dissolved VOCs 
remaining prior to groundwater 
discharge to east swale. 

Source Area aud Plume: 

• Groundwater monitoring to evaluate 
effectiveness of phytoremediation and 
existing natural attenuallon processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

Rcutston 1, ja111mry 2000 
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ALTERNATIVE BUILDING 1-1-2 

D Source Area: 

• Saturate (via eravity percolation) 
source are<~ with soluble substrate and 
rcducmg chemical solution to promote 
biological breakdown of more highly 
chlorinatl'd VOCs (PCE, TCE) by 
anaerobic reductive dechlorination. 

Plume: 

• Injection wells to introduce soluble 
substrate and reducing chemical 
solution into saturated sand layer at 
source area to accelerate biological 
breakdown of more highly 
chlorinated VOCs (PCE, TCE) that 
h<~ve already leached into the sand, by 
anaerobic reductive dechlormation. 

• Use of existing trees and plants m 
marsh/wl'tland area on east side of 
Hwy. 148 to reduce mass of dissolved 
VOCs remaining in saturated sand 
layer prior to groundwater discharge 
to intermittent stream. 

Source Area a11d P fume: 

• Groundwater monitoring to c;>valuate 
effectivenE'ss of source area and plume 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decrel'. 

Table 6-1 (continued) 
Primary Components of Remedial Alternatives 

SOURCE AREA AND ASSOCIATED PLUME 

BUILDING 1-1-23 

Source Area: 

• Saturate (via gravity percolation) 
source area with soluble substrate and 
reducing chemical solution to promote 
biological breakdown of mofl' htghly 
chlorinated VOCs (PCE, TCE) by 
ana!"rohic reductive dechlormation. 

Plume: 

• Injection wells to introduce soluble 
substrate and reducing clwmical 
solution into saturated sand layer at 
source area to accelerate biologtcal 
breakdown of more highly 
chlorinated VOCs (PCE, TCE) that 
have <~lready l0ached into the sand, by 
anaerobic reductive dechlorination. 

• Planting of selected trees and plants 
along lake shoreline and at West 
Swale to reduce mass of dissolved 
VOCs remaining in saturated clay <1nd 
sand layers prior to groundwater 
discharge to the swale <1nd lake. 

Source Area a11d Plume: 

• Groundwater monitoring to evaluate 
effectiveness of source area and plume 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
[{00 and Consenl Decree. 

• 

GENERAL TYPE OF 
REPOSITORY AREA TECHNOLOGY APPLIED 

Source Area: In situ enhanced 

• Source South of Repository: S<1tu ratl' hioremedmhon, 
(via gravity percolation) source area phytorcmedmt10n, and 
with soluble substrate and reducing monitored n<~hiral 
chemical solution to promote attenuation 
biological breakdown of more highly 
chlorinated VOCs (PCE, TCE) by 
anaerobic reductive dechlorination. 

• Source Beneath Repository: Injection 
wells to introducE' soluble substrate 
and reducing chemical solution into 
saturated s<1nd layt>r beneath 
Repository to accelerate biological 
breakdown of more highly 
chlorinated VOCs (PCE, TCE) that 
have already leached into the sand, by 
anaerobic reductive dechlorination. 

Plume: 

• Planting of selected trees and plants 
across plume width to reduce mass of 
dissolved VOCs remaining prior to 
groundwater discharge to East Swale. 

Source Area aud Plume: 

• Groundwater monitoring to evaluate 
effectiveness of source area and plumE' 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

Rcuisiun I, fommry 2000 
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• 
ALTERNATIVE 

\}.j 
\\j 

E 

BUILDING 1-1-2 

Source Area: 

• Vertical multiple-phase extraction 
(MPE) wells screened in Upper Clay 
layer and separate horizontal 
pumpmg wells screened in Upper 
Sand layer. 

• Groundwater treatment usmg tray-
type air stripping unit, hquid-phas<> 
carbon for effluent polishing, gas-
phase carbon for air stripping unit 
exhaust and soil vapor from vacuum 
pump, housed in new trPatment 
building adjacent to source ar<"a. 

• Treated ground wall'!" discharge to 
existing drainage ditch tributary to 
lake. 

Plume: 

• Use of existing trees and plants in 
marsh/wetland area on Past side of 
Hwy. 148 to reduce mass of dissolved 
VOCs remaining in saturated sand 
layer prior to groundwater discharge 
to intermittent stream. 

Source Area aud Plume: 

• Groundwater monitoring to evaluatE' 
effectiveness of source area 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

• • Table 6-1 (continued) 
Primary Components of Remedial Alternatives 

SOURCE AREA AND ASSOCIATED PLUME 

BUILDING 1-1-23 

Source Area: 

• V('rtical multiple-phaw extraction 
(MPE) wells screened in upper day 
layer and separate horizontal 
pumping wells screened in upper 
sand layer. 

• Groundwater treatment using tray-
type air stripping unit, liquid-phase 
carbon for effluent polishing, gas-
phase carbon for air strippmg unit 
exhaust and soil vapor from vacuum 
pump, housed in n('W treatment 
building located near Repository. 

• Treated groundwater discharge to 
existing drainage ciltch tributary to 
lake. 

Plume: 

• Planting of selected trees and plants 
along lake shoreline and at West 
Swale to reduce mass of dissolved 
VOCs remaining in saturated clay and 
sand layers prior to groundwater 
discharge to the swale and the lake. 

Source Area a11d Plume: 

• Groundwatl'r monitoring to evaluate 
effectiveness of source area 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 

GENERAL TYPE OF 
REPOSITORY AREA TECHNOLOGY APPLIED 

Source Area: ln Slltl sourct> physical 

• Source South of Repository: Vertical removal wtlh multiple-
multiple-phase extraction (MPE) wells phase Pxtraclion (vapor 
scrPened in upper clay layPr and and groundwater 
sPparate horizontal pumping w<>lls extraction) and 
screened in upper sand layPr. monitored natural 

• Source Beneath Repository: Vertical attenuation 

MPE wells screened in R('pository fill 
material and upper day layer, and 
separate horizontal pumping wells 
screened in upper sand layer. 

• Groundwater treatment usmg same 
system installed to treat 1-1-23 
8roundwater . 

• TrPat!"d groundwatt>r thscharg<" to 
existing drainage d1tch tnbutary to 
lake. 

Plume: 

• Planting of selected tre<>s and plants 
across plume width along East Swale, 
to reduce mass of dissolved VOCs 
remaining prior to groundwater 
discharge to East Swale. 

Source Area aud Plume: 

• Groundwater monitoring to evaluate 
effectiveness of source area 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surfaco<> water under 
ROD and Consent Decree. 

Rl'l'""'t' I. futnumf 2000 
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ALTERNATIVE BUILDING 1-1-2 

F Source Area: 

• Thermal (hot air) stripping of residual 
VOCs from saturated and unsaturated 
soil using MITU<~'. 

• Treatment of captured stripping 
vapors using gas-phase carbon. 

• Placement of VOC-stripped soil back 
into sourcc area. 

• Horizontal dewatcring wells screened 
in Upper Sand layPr. 

• Groundwater treatment using mobile 
air stripping umt, liquid-phase carbon 
for effluent polishing, and gas-phasC' 
carbon for air stnpping unit exhaust. 

• Treated groundwater discharge to 
existing drainage dilch tributary to 
lake. 

Plume: 

• Use of existing trE'es and plants in 
marsh/wetland area on east side of 
Hwy. 148 to reduce mass of dissolved 
VOCs remainmg in saturated sand 
layer prior lo groundwater discharge 
to mtermittE'nt stream. 

Source Area aud Plume: 

• Groundwater monitoring to evaluate 
effectiveness of source area 
rPmediation and ex1sting natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent DC'cree. 

• 

Table 6-1 (continued) 
Primary Components of Remedial Alternatives 

SOURCE AREA AND ASSOCIATED PLUME 

BUILDING 1-1-23 

Source Area: 

• Thermal (hot air) stripping of residual 
VOCs from saturated and unsaturated 
soil using MITU."'. 

• Treatment of captured stripping 
vapors using gas-phasE' carbon. 

• Placement of VOC-stripped soil back 
into source area. 

• Horizontal dewatering wells screened 
m Upper Sand layE'r. 

• Groundwater treatment using mobile 
air stripping unit, liquid-phase carbon 
for effluent polishmg, and gas-phase 
carbon for air stripping unit exhaust. 

• Treated groundwater discharge to 
existing drainage ditch tributary to 
lake. 

Plume: 

• Planting of selected trees and plants 
along lakp shorelino,> and at WE'sl 
Swale to reduce mass of dissolved 
VOCs remaining in saturated clay and 
sand layers prior to groundwater 
discharge to the swale and the lake. 

Source A,.ea and Plume: 

• Groundwater monitoring to evaluate 
effectivenpss of source area 
remediation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water undE'r 
ROD and Consent Decree. 

• 

GENERAL TYPE OF 
REPOSITORY AREA TECHNOLOGY APPLIED 

Source Area: ~ource physical removal 
Source South of Repository: with Mobile lnjE'ction 

• Thermal (hot air) stripping of rE'sidual Treatment Unit 

VOCs from sahtrated and unsaturated (MlTUil>) and monitored 

soil using MITU®. natural attcnuatmn (for 

• Treatment of captured stripping identifiE'd source areas 

vapors using gas-phase carbon. except for beneath 

• Placement of VOC-strippt:'d soil back Repository) 

into source area . In situ source physical 
Source Beneath Repository: removal with multiple-

• Vertical multiple-phase extraction phase extraction (vapor 
(MPE) wells screened in Repository and groundwater 
fill material and upper clay layer, and extraction) and 
separate horizontal pumping wells monitored natural 
screened in upper sand layer. attenuatmn (for source 

• Groundwater treatment using tray- area beneath 
type air stripping umt, liquid-phase Repository) 
carbon for effluent polishing, gas-
phase carbon for air stripping unit 
exhaust and soil vapor from vacuum 
pump, housed in new treatment 
building located near Repository. 

• Treated groundwater discharge to 
existing drainage ditch tributary to lake 

Plume: 

• Planting of selected trees and plants 
across plume width along East Swale, 
to reduce mass of dissolved VOCs 
remaining prwr to groundwater 
discharge to East Swale. 

Source Area aud Plume: 

• Groundwater monitoring to evaluate 
effectiveness of source area 
rE'nwdiation and existing natural 
attenuation processes. 

• Compliance monitoring of 
groundwater and surface water under 
ROD and Consent Decree. 
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Tablo· 6-2 

Summary of Assumed TCE Source Reducliorts Used for Trartsport Model Runs- Alternatives B through F 

Alternative Model Run(l) Descdptiort Suur(e Area Perc<'nt TCE Redudiort1'' TCE Cortcerttration131 

(ug/l) 

-- crab15l Calibration -- -- --

1-1-23 50% 50,000 
B crab210 Monitored Natural Attenuation 1-1-2 25% 75,000 

Repository 0% 20,000 

Altern;otive Model Run D<'scriplion Source Area P<•rcent Reduction Concerttration 

from Alt. B (uWl) 
l-1-23 0% 50,000 

30% 35,000 
c crab 211 l'hytorem<'diation l-1-2 0% 75,000 

30% 52,500 
Repository 0% 20,000 

1-1-23 19% 40,625 
38% 31,250 
56% 21,875 
75% 12,500 

D crab212bd Enhanced Biuretn<"diation 1-1-2 19% 60,938 
38% 46,875 
56% 32,812 
75% 18,750 

Repository 0% 20,000 

1-1-23 100% 0 
80% 10,000 

E crab213a MultiplP·i'hase Extraction 1·1·2 100% 0 
80% 15,000 

R<'pository 100% 0 
80% 4,000 

1-1-23 100% 0 
95% 2,500 

F crab216 MITU 1-1-2 100% 0 

95% 3,750 
Repository 0\ 0 

80'1. 4,000 
Notes. 

Ill Refer to Appendix G for model run documentation. 
1' 1 Percent reduction in dissolved and sorb,.d TCE concentration in defined source area soil due to eff<>rts of the rPmedial almrnalive. 
131 TCF. source area concentration in groundwatPr hl'ld constant during indicated time period. 

Time 

(years) 

.. 

0-20 
0-20 
0-20 

Time 

(yeili'S) 

0-3 
3-20 
0-3 

3-20 
0-20 

0-1 
1-2 
2-1 

3-20 
0-1 
l-2 
2-3 

3-20 
0-20 

0-2 
2-2U 
0-2 
2-20 
0-2 

2-20 

0-0.33 ( 4 months) 
0.33-20 

0-0.33 (4 months) 
0.33-20 

0-2 
2-20 

• 
Comments 

Model calibra lion to existing conditions. 

I ,owered sourcP-concentralion due to PC]l 
rentedial action. 
No phyhHemediation. 

Comments 

Allows a 3-year limP lag for suurc<'-
mncentralions in 1-1-23 and 1-l-2 suurc·P areas 
to be r<'durl'd. 
Includes phytor<'medialion in discharge arPas. 

Zoned TCE half-lives in source areas for the first 
3 years. Half-lives range from l month to 24 years. 

Set TCE half-hfe to 24 years fot Y""" 3-20 

lnclud<'s phytoremediation in disc.harge an•as. 

AssumP'II 100\ re~uvery in ~outcC" arPa:tO 

during the 2-year operation uf th<> 
system. 
Jndud<'s phytoremed1alion in di><·harge 
areas. 

A~sumes 100% rPcovE"ry in sourcP areas in 

the first four month~ as a rPsull of 
horizontal wells. 
Jndudl's phytoremediation in dis. harge 
areas. 

I IWPMSNIPJTI00-047811031047810.3d xis 7/141\J9 



• 

• 

• 

Table 6-3 
Sensitivity Testing, Predictive Simulations 

PARAMETER/ 
BOUNDARY 

RUN# CONDITION 

Crab 213a (mulh- -

phase extraction) 
(Base Case # 1 ) 

Crab 224 Constant 
concentration node 
values- for multi-
phase extraction 

Crab 211 --
(phytoremedia tion 
base case) 

Crab 226 Constant 
concentration node 
values- for 
phytoremediation 

RMT, Inc. 
J \\ \PAISN\ PIT\ OO.().J 781\03\ ROOtJ.I78103-DD-I DOC l/B/00 

CHANGE 

--

Assume no decrease 
following soil 
excavation; keep at 
100 mg/L 

-

Assume no decrease 
following soil 
excavation; keep at 
100mg/L 

RESULTS 

TOTAL MASS 
MAX. CONC. AT OFTCEIN 
N. ACCESS RD. AQUIFER 

(J.t&'L) (kg) 

300 200 

682 304 

1,028 598 

2,102 900 

Crab Orchard National W!ldltfe Refuge 
Remsion 1, January 2000 
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TABLE 8-1 

SUMMARY OF REMEDIAL ALTERNATIVE COSTS 

ESTIMATED PROBABLE COSTS FOR SOURCE AREA AND ASSOCIATED PLU PROBABLE COST RANGE 

ALTERNATIVE BUILDING 1·1·2 BUILDING 1-1-23 REPOSITORY AREA ( -30% to +50% ) 

A No Action/ 
Compliance Monitoring (CM) 

Capital Cosbl 1,900 1,900 1,900 $5,000 to $9,000 

Annual OM&M Cosbl 

•Short Term (not applicable) . . . -
•Long Term* 35,400 35,400 35,400 $75,000 to $161,000 

Present Worth . - . $935,000 to $2,003,000 

B Monitored Natural 
Attenuation (MNA) 

Capital Cosbl 9,100 9,100 9,100 $20,000 to $41,000 

Annual OM&M Cosbl 

•Short Term (First 2 years) 47,300 47,300 47,300 $101,000 to $215,000 
•Long Term* 41,000 41,000 41,000 $87,000 to $187,000 

Present Worth - - - $1,122,000 to $2,403,000 

c Phytoremediation 

Capital Costs 160,000 391,100 337,800 $623,000 to $1,334,000 

Annual OM&M Cosbl 

•Short Term (First 2 years) 36,200 88,400 76,300 $141,000 to $302,000 

•Long Term* 33,100 80,900 69,800 $129,000 to $276,000 

Present Worth - - - $2,240,000 to $4,799,000 

*Long-term annual operation, maintenance, and monitoring beginning after completion of short-term source area remedial action. 

"Present Worth" represents total capital cost plus present worth of all annual costs for 30 years at 7% discount rate. 

h:ldata\projects\4781\AL Tcost.xls Page I of 2 1/13/2000 



TABLE 8-1 (cont'd) 
SUMMARY OF REMEDIAL ALTERNATIVE COSTS 

ESTIMATED PROBABLE COSTS FOR SOURCE AREA AND ASSOCIATED PLU PROBABLE COST RANGE 

ALTERNATIVE BUILDING 1-1-2 BUILDING 1-1-23 REPOSITORY AREA ( -30% to +50% ) 

D Enhanced In Situ 
Bioremediation 
Capital Costs 325,300 457,900 421,700 $844,000 to $1,808,000 

Annual OM&M Costs 

•Short Term (First 2 years) 66,800 94,000 86,600 $174,000 to $372,000 
•Long Term* 44,500 62,600 57,600 $116,000 to $247,000 

Present Worth - - - $2,378,000 to $5,096,000 

E Multiple Phase Extraction 
(MPE) 

Capital Costs 430,100 645,100 1,075,200 $1,506,000 to $3,226,000 

Annual OM&M Costs 

•Short Term (First 2 years) 52,200 78,200 130,300 $183,000 to $391,000 
•Long Term* 32,900 49,400 82,300 $116,000 to $247,000 

Present Worth - - - $3,057,000 to $6,549,000 

F Physicalfihermal Removal 

(MITu®) 
Capital Costs 1,758,100 1,758,100 2,241,500 $3,730,000 to $7,991,000 

Annual OM&M Costs 

•Short Term (First 2 years) 59,300 59,300 115,200 $165,000 to $354,000 
•Long Term* 54,300 54,300 54,300 $116,000 to $247,000 

Present Worth - - ~ $5,249,000 to $11,247,000 

* Long-term annual operation, maintenance, and monitoring beginning after completion of short-term source area remedial action. 
"Present Worth" represents total capital cost plus present worth of all annual costs for 30 years at 7% discount rate. 

h·ldatalp.B11AL Tcost.xls ./13/2000 
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Predicted TCE Concentration in Groundwater 
Near Crab Orchard Lake (1-1-23 Plume) vs. Time 
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Figure 6- 4 

Predicted TCE Mass in Sites 32/33 Aquifer vs. Time 
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Appendix A 
FDGTI Pilot Test Well Construction 

Field Notes and Pilot Test Well 
Construction Data Table 

I \~VPMSN\Nl\OO-OU81\03\R0004!810l-004 UOC 01(13/00 

Crab Orchard Natwnal Wildlife Refuge 
Revzswn 1, January 2000 
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Appendix A 
Pilot Testing Wells and Monitoring Probe Construction Data 

Groundwater Investigation Report and Focused Feasibility Study 
Crab Orchard National Wildlife Refuge, PCBOU Sites 31/33 

Marion, Illinois 

DISTANCE TO DEPTH OF 

DISTANCE TO DUALPIJASE '• SCREENED 
-· 

DEJ:I'flfOF 

AIR SPARGE WELL EXTRACTION WELL ' INTERV.ll UPPER SAND 

Building I-1-2 Area 

MP-1 
MP-2 
MP-3 
MP-4 
SVE-1 
SVE-2 
SVE-3 

Air Sparge Well 
Dual Phase Well 

Building 1-1-23 Area 

MP-1 
MP-2 
MP-3 
MP-4 
SVE-1 
SVE-2 
SVE-3 

Air Sparge Well 
Dual Phase Well 

Area 9 Repository 

MP-1 
MP-2 
MP-3 
MP-4 
SVE-1 
SVE-2 
SVE-3 

Air Sparge Well 
Dual Phase Well 

Notes: 

NA"' Not applicable 

Prepared by: MLW 1/21/98 
Checked by: PMC 1/26/98 

(Feet) 

27.75 
19.2 
8.25 
5.55 
34.05 
26.8 
20 

NA 
15.3 

24.35 
14.4 
12.05 

5.8 
29.95 
16.05 
20.5 
NA 
10.6 

24.8 
17.15 
10.6 
5.7 

29.7 
16.8 
20.4 
NA 
10.5 

(Feet) (Feet, bgs) (Feet, bgs) 

43.45 4.5-27 24.2-26.2 

12.0 4.5-27 

11.1 4.5-27 
16.25 4.5-27 
49.75 4-9 
22.3 4-9 
24.25 4-9 

15.3 22-27 
NA 3-28 

34.7 3-33 25-37.1 
12.4 3-33 
8.65 3-33 
13.0 3-33 

40.25 4-9 
20.2 4-9 

23.85 4-9 
10.6 32-37 
NA 7-37 

35.3 5.5-33 45.2-46.4 
15.3 5.5-33 
9.45 5.5-33 
11.8 5.5-33 

40.25 5-25 
12.7 5-25 
24.25 5-25 
10.5 33-38 
NA 3-38 

Page 1 of 1 1 \wpmsn\PJT\00.{)4781103\000478103-001 XLS 1/11/2000 
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• 

• 
A-1~ 
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Appendix B 
Laboratory Reports - Pilot Test Air and 

Extraction Well Pump Discharge Samples 

Table of Contents 

• 1-1-23 Area 

Air Samples 

141DPVE123 

142SPRG123 

143SPRG123 

143SPRG123DL 

• 1-1-2 Area 

Air Samples 

146DPVE12 

146DPVE12DL 

147SPRC12 

148SPRC22 

• Area 9 Repository 

Air Samples 

150DPVEA9 

152SPRC1A9 

153SPRC2A9 

153SPRC2A9DL 

RMT, Inc. 
I.\ WPMSN\ P/T\00-04781 \03\ R000478103-004.DOC 01(/3ft!O 

Pump Discharge Samples 

T16-3233-135-DDH 

Pump Discharge SamQles 

T16-3233-144-DPVE 

Pump Discharge Samples 

T16-3233-149-0 PVE-A 9 

Crab Orchard Natwnal Wildlzfe Refuge 
Revzswn 1, January 2000 
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• RMT, Inc. 
I.\ WPMSN\P/T\00-04781 \03\ R000478103-004.DOC 01(13/(10 

Air Samples 

Crab Orchard National Wildlife Refuge 
Revision 1, January 2000 
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1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

141DPVE123 
T ·"lb Name : SWL- TULSA Contract: FLUORDAN 

.~.b Code: SWOK Case No. : GPENV SAS No.: SDG No.: 34872 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

75-71-8---------Dichlorodifluoromethane 
74-87-3---------Chloromethane 

Lab Sample ID: 34872.02 

Lab File ID: Z7160.D 

Dilution Factor: 13.9 

CONCENTRATION UNITS: 
PPBV Q 

(F12 14 
14 

76-14-2---------1,2-DC-1,1,2,2-TFA (Fl14) 14 
75-01-4---------Vinyl Chloride -- 14 
74-83-9---------Bromomethane 14 
75-00-3---------Chloroethane 14 
75-69-4---------Trichlorofluoromethane (F11) 14 
67-64-1---------Acetone 200 
75-35-4---------1,1-Dich!oroethene 14 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 28 
75-09-2---------Methylene Chloride - 590 
75-15-0---------Carbon Disulfide 14 
156-60-5--------trans-1,2-Dichloroethene 14 --75-34-3---------1,1-Dichloroethane 14 
78-93-3---------2-Butanone 16 
156-59-2--------cis-1,2-Dich!oroethene 58 
67-66-3---------Chloroform 14 
71-55-6---------1,1,1-Trich!oroethane 14 
107-06-2--------1,2-Dichloroethane 14 
71-43-2---------Benzene 14 
56-23-5---------Carbon Tetrachloride 14 
78-87-5---------1,2-Dichloropropane 14 
79-01-6---------Trichloroethene 440 
108-10-1--------4-Methyl-2-Pentanone 14 
10061-01-5------cis-1,3-Dichloropropene 14 
10061-02-6------trans-1,3-Dichloropropene __ 14 
108-88-3--------Toluene 56 
79-00-5---------1,1,2-Tr~chloroethane 14 
591-78-6--------2-Hexanone 14 
106-93-4--------1,2-Dibromoethane 14 
127-18-4--------Tetrachloroethene 10 
108-90-7--------Chlorobenzene 16 
100-41-4--------Ethylbenzene 14 

FORM I VOA 

u 
0 
0 
u 
u 
u 
u 

u 

u 
0 
0 

u 
0 
0 
0 
0 
u 

u 
u 
0 

u 
0 
u 
J 

u 

AIR 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

t.ab Name: SWL-TULSA 

.b Code : SWOK Case No. : GPENV 

Contract: FLUORDAN 

SAS No.: 

141DPVE123 • 

SDG No. : 34872 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

Lab Sample ID: 34872.02 

Lab File ID: Z7160.D 

Dilution Factor: 13.9 

CONCENTRATION UNITS: 
PPBV Q 

14 
14 
14 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane -- 14 
622-96-8--------4-Ethyltoluene 14 
108-67-8--------1,3,5-Trimechylbenzene 14 
95-63-6---------1,2,4-Trimethylbenzene 14 
541-73-1--------1,3-Dichlorobenzene 14 
100-44-7--------Benzyl Chloride 14 
106-46-7--------1,4-Dichlorobenzene 14 
95-50-1---------1,2-Dichlorobenzene 14 
120-82-1--------1,2,4-Trichlorobenzene 14 
87-68-3---------Hexachlorobutadiene 14 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u • 

AIR • 
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lE EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
l41DPVE123 

T~b Name: SWL-TULSA Contract: FLUORDAN 

.b Code : SWOK Case No.: GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0.32 {mm) 

Number TICs found: 6 

CAS NUMBER COMPOUND NAME 

======---------- =======-==================== 
1. UNKNOWN 
2. UNKNOWN 
3. UNKNOWN HYDROCARBON 
4 . UNKNOWN 
5. UNKNOWN HYDROCARBON 
6. 96-37-7 Cyclopentane, methyl-
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No. : 34872 

Lab Sample ID: 34872.02 

Lab File ID: Z7160.D 

Dilution Factor: 13.9 

RT 
----------------

2.843 
3.187 
3.693 
4.699 
5.308 
5.883 

CONC. UNITS 
PPBV 

EST. CONC. 
--------------------------44.0 

68.0 
63.0 
80.0 

400.0 
56.0 

Q 
:;;:;;;;:.::::::: 

J 
J 
J 
J 
J 

NJ 

AIR 



lA 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Tab Name: SWL-TULSA Contract: FLUORDAN 

.ab Code : SWOK Case No. : GPENV SAS No.: 

EPA SAMPLE NO. 

l42SPRG123 • 

SDG No.: 34872 

Matrix: AIR Lab Sample ID: 34872.03 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

Lab File ID: Z7158.D 

Dilution Factor: 25.1 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 25 
74-87-3---------Chloromethane 25 
76-14-2---------1,2-DC-1,1,2,2-TFA (Fl14) 25 
75-01-4---------Vinyl Chloride -- 25 
74-83-9---------Bromomethane 25 
75-00-3---------Chloroethane 25 
75-69-4---------Trichlorofluoromethane (F11) 25 
67-64-1---------Acetone 69 
75-35-4---------1,1-Dichloroethene 25 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 25 
75-09-2---------Methylene Chloride - 25 
75-15-0---------Carbon Disulfide 25 
156-60-5--------trans-1,2-Dichloroethene 25 
75-34-3---------1,1-Dichloroethane -- 25 
78-93-3---------2-Butanone 1200 
156-59-2--------cis-1,2-Dichloroethene 75 
67-66-3---------Chloroform 25 
71-55-6---------1,1,1-Trichloroethane 25 
107-06-2--------1,2-Dichloroethane 25 
71-43-2---------Benzene 25 
56-23-5---------Carbon Tetrachior~de 25 
78-87-5---------1,2-Dichloropropane 25 
79-01-6---------Trichloroethene 260 
108-10-1--------4-Methyl-2-Pentanone 25 
10061-01-5------cis-1,3-Dichloropropene 25 
10061-02-6------trans-1,3-Dichloropropene 25 
108-88-3--------Toluene ---- 43 
79-00-5---------1,1,2-Trichloroethane 25 
591-78-6--------2-Hexanone 25 
106-93-4--------1,2-Dibromoethane 25 
127-18-4--------Tetrachloroethene 16 
108-90-7--------Chlorobenzene 46 
100-41-4--------Ethylbenzene 25 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u • 
u 
u 
0 
u 
u 
u 
u 
u 
u 
0 
u 
u 
J 

0 

AIR • 



• 

• 

• 

1A EPA SAMPLE NO. 
VOLA7ILE ORGANICS ANALYSIS DATA SHEET 

142SPRG123 
T,ab Name: SWL-TULSA Contract: FLUORDAN 

~ab Code : SWOK Case No. : GPENV SAS No.: SDG No. : 34872 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0. 32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

Lab Sample ID: 34872.03 

Lab File ID: Z7158.D 

Dilution Factor: 25.1 

CONCENTRATION UNITS: 
PPBV Q 

25 
25 
25 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 25 
622-96-8--------4-Ethyltoluene --- 25 
108-67-8--------1,3,5-Trimethylbenzene 25 
95-63-6---------1,2,4-Trimethylbenzene 25 
541-73-1--------1,3-Dichlorobenzene 25 
100-44-7--------Benzyl Chloride 25 
106-46-7--------1,4-Dichlorobenzene 25 
95-50-1---------1,2-Dichlorobenzene 25 
120-82-1--------1,2,4-Trichlorobenzene 25 
87-68-3---------Hexachlorobutadiene 25 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 



lE 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

142SPRG123' 

SDG No. : 34872 

T,ab Name: SWL-TULSA Contract: FLUORDAN 

~ab Code : SWOK Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0. 32 (mm) 

Number TICs found: 7 

CAS NUMBER COMPOUND NAME 
===z~:;:=;z:===z ==z======z====•e=•===•====s= 

1. UNKNOWN 
2. UNKNOWN 
3 . UNKNOWN 
4. UNKNOWN 
5. 109-99-9 Furan, tetrahydro-
6. 109-99-9 Furan, tetrahydro-
7. 108-94-1 Cyclohexanone 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

Lab Sample ID: 34872.03 

Lab File ID: Z7158.D 

Dilution Factor: 25.1 

RT 
•e==•==• 

3.167 
4.475 
4.750 
5.250 
5.907 
6.176 

11.589 

CONC. UNITS 
PPBV 

EST. CONC. 
===z==:=z=•== 

120.0 
51.0 
77.0 
35.0 

10000.0 
140.0 
200.0 

Q 
s==:R= 

J 
J 
J 
J 

NJ 
NJ 
NJ 

AIR • 



• 

• 

• 

lA EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

143SPRG123 
T,ab Name: SWL-TULSA Contract: FLUORDAN 

.ab Code : SWOK Case No. : GPENV SAS No.: SDG No. : 34872 

Matrix: AIR Lab Sample ID: 34872.04 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

Lab File ID: Z7159.D 

Dilution Factor: 223.0 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 220 
74-87-3---------Chloromethane 220 
76-14-2---------1,2-DC-1,1,2,2-TFA (F114) 220 
75-01-4---------Vinyl Chloride -- 220 
74--83-9-------- -Bromomethane 220 
75-00-3---------Chloroethane 220 
75-69-4---------Trichlorofluoromethane {F11) 220 
67-64-1---------Acetone 220 
75-35-4---------1,1-Dichloroethene 220 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 220 
75-09-2---------Methylene Chloride - 220 
75-15-0---------carbon Disulfide 220 
156-60-5--------trans-1,2-Dichloroethene 220 
75-34-3---------1,1-Dichloroethane -- 220 
78-93-3---------2-Butanone 900 
156-59-2--------cis-1,2-Dichloroethene 790 
67-66-3---------Chloroform 220 
71-55-6---------1,1,1-Trichloroethane 220 
107-06-2--------1,2-Dichloroethane 220 
71-43-2---------Benzene 220 
56-23-5---------Carbon Tetrachlor~de 220 
78-87-5---------1,2-Dichloropropane 220 
79-01-6---------Trichloroethene 7400 
108-10-1--------4-Methyl-2-Pentanone 220 
10061-01-5------cis-1,3-Dichloropropene 220 
10061-02-6------trans-1,3-Dichloropropene 220 
108-88-3--------Toluene -- 220 
79-00-5---------1,1,2-Tr1chloroethane 220 
591-78-6--------2-Hexanone 220 
106-93-4--------1,2-Dibromoethane 220 
127-18-4--------Tetrachloroethene 800 
108-90-7--------Chlorobenzene 320 
100-41-4--------Ethylbenzene 220 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 

0 
u 
u 
u 
u 
u 
u 

u 

AIR 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

r~b Name: SWL-TULSA Contract: FLUORDAN 
143SPRG123 • 

SDG No.: 34872 ... b Code : SWOK Case No. : GPENV 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07------ -m, p.-Xylene 
100-42-5--------Styrene 

SAS No.: 

Lab Sample ID: 34872.04 

Lab File ID: Z7159.D 

Dilution Factor: 223.0 

CONCENTRATION UNITS: 
PPBV Q 

220 
220 
220 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 220 
622-96-8--------4-Ethyltoluene -- 220 
108-67-8--------1,3,5-Trimethylbenzene 220 
95-63-6---------1,2,4-Trimethylbenzene 220 
541-73-1--------1,3-Dichlorobenzene 220 
100-44-7--~-----Benzyl Chloride 220 
106-46-7--------1,4-Dichlorobenzene 220 
95-50-1---------1,2-Dichlorobenzene 220 
120-82-1--------1,2,4-Trichlorobenzene 220 
87-68-3---------Hexachlorobutadiene 220 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u • 

AIR • 



• 

• 

• 

1E EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
143SPRG123 

T.ab Name: SWL-TULSA Contract: FLUORDAN 

.ctb Code : SWOK Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/28/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 4 

CAS NUMBER COMPOUND NAME 
====:=====:====== :::=======2m==:=========-=== 

1. UNKNOWN 
2. UNRNOWN KETONE 
3 . UNKNOWN 
4. 109-99-9 Furan, tetrahydro-
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No. : 34872 

Lab Sample ID: 34872.04 

Lab File ID: Z7159.D 

Dilution Factor: 223.0 

RT 
========= 

2.022 
3.964 
4.551 
5.907 

CONC. UNITS 
PPBV 

EST. CONC. 
=•====~==ms:=:= 

440.0 
270.0 

3400.0 
7000.0 

Q 
;;;:r:=== 

J 
J 
J 

NJ 

AIR 



1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

r.ab Name: SWL-TULSA Contract: FLUORDAN 

,j.b Code: SWOK Case No. : GPENV SAS No.: 

EPA SAMPLE NO. 

143SPRG123D~ 
SDG No. : 34872 

Matrix: AIR Lab Sample ID: 34872.04DL 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0. 32 (mm) 

CAS NO. COMPOUND 

75-71-8---------Dichlorodifluoromethane 
74-87-3---------Chloromethane 

Lab File ID: Z7152.D 

Dilution Factor: 2230.0 

CONCENTRATION UNITS: 
PPBV Q 

(F12 2200 
2200 

76-14-2---------1,2-DC-1,1,2,2-TFA {F114) 2200 
75-01-4---------Vinyl Chloride -- 2200 
74-83-9---------Bromomethane 2200 
75-00-3---------Chloroethane 2200 
75-69-4---------Trichlorofluoromethane (Fl1) 2200 
67-64-1---------Acetone 2200 
75-35-4---------1,1-Dichloroethene 2200 
76-13-1---------1,1,2-TC-1,2,2-TFA (Fll.3) 2200 
75-09-2---------Methylene Chloride -- 2200 
75-15-0---------Carbon Disulfide 2200 
156-60-5--------trans-1,2-Dichloroethene 2200 
75-34-3---------1,1-Dichloroethane -- 2200 
78-93-3---------2-Butanone 2200 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

156-59-2--------cis-1,2-Dich!oroethene 700 JD 
67-66-3---------Chloroform 2200 u 
71-55-6---------1,1,1-Trichloroethane 2200 u 
107-06-2--------1,2-Dichloroethane 2200 u 
71-43-2---------Benzene 2200 u 
56-23-5---------Carbon Tetrach!or~de 2200 u 
78-87-5---------1,2-Dichloropropane 2200 u 
79-01-6---------Trichloroethene 8200 D 
108-10-1--------4-Methyl-2-Pentanone 2200 u 
10061-01-5------cis-1,3-Dichloropropene 2200 u 
10061-02-6------trans-1,3-Dichloropropene ___ 2200 u 
108-88-3--------Toluene 2200 u 
79-00-5---------1,1,2-Tr~chloroethane 2200 u 
591-78-6--------2-Hexanone 2200 u 
106-93-4--------1,2-Dibromoethane 2200 u 
127-18-4--------Tetrachloroethene 2200 u 
108-90-7--------Chlorobenzene 2200 u 
100-41-4--------Ethylbenzene 2200 u 

FORM I VOA AIR 

• 

• 



• 

• 

• 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

143SPRG123DL 
r.ab Name: SWL-TULSA Contract: FLUORDAN 

~b Code : SWOK Case No . : GPENV 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0. 32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

SAS No.: SDG No. : 34872 

Lab Sample ID: 34872.04DL 

Lab File ID: Z7152.D 

Dilution Factor: 2230.0 

CONCENTRATION UNITS: 
PPBV Q 

2200 u 
2200 u 
2200 u 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 2200 u --622-96-8--------4-Ethyltoluene 2200 u 
108-67-8--------1,3,5-Trimethylbenzene 2200 u 
95-63-6---------1,2,4-Trimethylbenzene 2200 u 
541-73-1--------1,3-Dichlorobenzene 2200 u 
100-44-7--------Benzyl Chloride 2200 u 
106-46-7--------1,4-Dichlorobenzene 2200 u 
95-50-1---------1,2-Dichlorobenzene 2200 u 
120-82-1--------1,2,4-Trichlorobenzene 2200 u 
87-68-3---------Hexachlorobutadiene 2200 u 

FORM I VOA AIR 



1E 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

143SPRG123D~ 
SDG No. ~ 34872 

Lab Name: SWL-TULSA Contract~ FLUORDAN 

.. b Code ~ SWOK Case No . : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 2 

CAS NUMBER COMPOUND NAME 
=====::::=====::zz:: ====::K•::=::zz::;:EEz:===m: 

1. UNKNOWN 
2. UNKNOWN 
3 . 
4. 
5. 
6. 
7. 
8. 
9-

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

Lab Sample ID: 34872.04DL 

Lab File ID~ Z7152.D 

Dilution Factor: 2230.0 

RT 
========= 

3.258 
4.738 

CONC. UNITS 
PPBV 

EST. CONC. 
::::z::::.;;::z:====• 

2300.0 
27000.0 

Q 
===== 

JD 
JD 

AIR 

i3- '"' 

• 

• 



• 

• 

• 

lA EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

146DPVE12 
T.;;tb Name: SWL-TULSA Contract: FLUORDAN 

I 

.tJ Code : SWOK Case No. : GPENV SAS No.: SDG No.: 34872 

Matrix: AIR Lab Sample ID: 34872.01 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

Lab File IO: Z7147.D 

Dilution Factor: 22.3 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 22 
74-87-3---------Chloromethane 22 
76-14-2---------1,2-DC-1,1,2,2 TFA (Fi14) 2~ ) 75-01-4---------Vinyl Chloride -- ~ 
74-83-9---------Bromomethane -zz 
75-00-3---------Chloroethane 22 
75-69-4---------Trichlorofluoromethane (F11) 22 
67-64-1---------Acetone 22 
75-35-4---------1,1-Dichloroethene 22 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) - 22000 
75-09-2---------Methylene Chloride -- 22 
75-15-0---------Carbon Disulfide 22 
156-60-5--------trans-1,2-Dichloroethene 22 
75-34-3---------1,1-Dichloroethane -- cg 78-93-3---------2-Butanone ) 
156-59-2--------cis-1,2-Dicliloroethene 
67-66-3---------Chloroform 22 
71-55-6---------1,1,1-Trichloroethane 22 
107-06-2--------1,2-Dichloroethane 22 
71-43-2---------Benzene 22 
56-23-5---------carbon Tetrachlor~de 22 
78-87-5---------1,2-Dichloropropane 22 
79-01-6---------Trichloroethene 20 
108-10-1--------4-Methyl-2-Pentanone 22 
10061-01-5------cis-1,3-Dichloropropene 22 
10061-02-6------trans-1,3-Dichloropropene q} 108-88-3--------Toluene -- ) 

79-00-5---------1,1,2-Tr~chloroethane 
591-78-6--------2-Hexanone 22 
106-93-4--------1,2-Dibromoethane 22 
127-18-4--------Tetrachloroethene 22 
108-90-7--------Chlorobenzene 22 
100-41-4--------Ethylbenzene 22 

FORM I VOA 

u 
u 
·o 

u 
u 
u 
u 
u 
E 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
J 
u 
u 
u 

u 
u 
u 
u 
u 
u 

AIR 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: SWL-TULSA Contract: FLUORDAN 
146DPVE12 • 

b Code: SWOK Case No. : GPENV 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

SAS No.: SDG No. : 34872 

Lab Sample ID: 34872.01 

Lab File ID: Z7147.D 

Dilution Factor: 22.3 

CONCENTRATION UNITS: 
PPBV Q 

22 u 
22 u 
22 u 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrach!oroethane 22 u --622-96-8--------4-Ethyltoluene 22 u 
108-67-8--------1,3,5-Trimethylbenzene 22 u 
95-63-6---------1,2,4-Trimethylbenzene 22 u 
541-73-1--------1,3-Dichlorobenzene 22 u 
100-44-7--------Benzyl Chloride 22 u 
106-46-7--------1,4-Dichlorobenzene 22 u 
95-50-1---------1,2-Dichlorobenzene 22 u 
120-82-1--------1,2,4-Trichlorobenzene 22 u 
87-68-3---------Hexachlorobutadiene 22 u 

FORM I VOA AIR 

• 

• 



• 

• 

• 

1E EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
146DPVE12 

Lab Name: SWL-TULSA 

ab Code: SWOK 

Contract: FLUORDAN 

Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 14 

CAS NUMBER COMPOUND NAME 
====:::::::::========== ==-===-==~=====-=-=========-

1. UNKNOWN HYDROCARBON 
2. UNKNOWN HYDROCARBON 
3. 108-87-2 Cyclohexane, methyl-
4. Cyclohexane, ethyl-methyl-
5. Cyclohexane, trimethyl-
6. UNKNOWN HYDROCARBON 
7. Octene, dimethyl-
8. UNKNOWN 
9. UNKNOWN 

10. UNKNOWN HYDROCARBON 
11. UNKNOWN HYDROCARBON 
12. cyclohexane, dimethyl-propyl 
13. 91-17-8 Naphthalene, decahydro-
14. UNKNOWN HYDROCARBON 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No.: 34872 

Lab Sample ID: 34872.01 

Lab File ID: Z7147.D 

Dilution Factor: 22.3 

RT 
zz::::::::: 

7.261 
7.563 
7.896 

11.405 
11.819 
12.357 
12.960 
13.181 
13.439 
13.891 
14.219 
14.709 
14.994 
15.236 

CONC. UNITS 
PPBV 

EST. CONC. 
==-=-========= 

180.0 
710.0 
450.0 
180.0 
140.0 
180.0 
270.0 
89.0 

120.0 
290.0 
130.0 

99.0 
130.0 
210.0 

Q 
:;;;:::::::::=: 

J 
J 

NJ 
J 
J 
J 
J 
J 
J 
J 
J 
J 

NJ 
J 

AIR 



1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: SWL-TULSA Contract: FLUORDAN 

EPA SAMPLE NO. 

146DPVE12DL. 

.b Code : SWOK Case No. : GPENV SAS No.: SDG No.: 34872 

Matrix: AIR Lab Sample ID: 34872.01DL 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

Lab File ID: Z7149.D 

Dilution Factor: 4460.0 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 4500 
74-87-3---------Chloromethane 4500 
76-14-2---------1,2-DC-1,1,2,2-TFA (Fll4) -- 4500 
75-01-4---------Vinyl Chloride 4500 
74-83-9---------Bromomethane 4500 
75-00-3---------Chloroethane 4500 
75-69-4---------Trichlorofluoromethane (F11) 4500 
67-64-1---------Acetone 4500 
75-35-4---------1,1-Dichloroethene 4500 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) - -120000 
75-09-2---------Methylene Chloride 4500 
75-15-o---------carbon Disulfide 4500 
156-60-5--------trans-1,2-Dichloroethene 4500 
75-34-3---------1,1-Dichloroethane ---- 4500 
78-93-3---------2-Butanone 4500 
156-59-2--------cis-1,2-Dichloroethene "4500 
67-66-3---------Chloroform 4500 
71-55-6---------1,1,1-Trichloroethane 4500 
107-06-2--------1,2-Dichloroethane 4500 
71-43-2---------Benzene 4500 
56-23-5---------carbon TetrachlorJ.de 4500 
78-87-5---------1,2-Dichloropropane 4500 
79-01-6---------Trichloroethene 4500 
108-10-1--------4-Methyl-2-Pentanone 4500 
10061-01-5------cis-1,3-Dichloropropene 4500 
10061-02-6------trans-1,3-Dichloropropene ____ 4500 
108-88-3--------Toluene 4500 
79-00-5---------1,1,2-TrJ.chloroethane 4500 
591-78-6--------2-Hexanone 4500 
106-93-4--------1,2-Dibromoethane 4500 
127-18-4--------Tetrachloroethene 4500 
108-90-7--------Chlorobenzene 4500 
100-41-4--------Ethylbenzene 4500 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
D 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 

• 

• 



• 

• 

• 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

146DPVE12DL 
TJab Name: SWL-TULSA Contract: FLUORDAN 

ib Code : SWOK 

Matrix: AIR 

Case No. : GPENV 

Date Received: 07/18/98' 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0 • 3 2 ( mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------styrene 

SAS No.: SDG No.: 34872 

Lab Sample ID: 34872.01DL 

Lab File ID: Z7149.D 

Dilution Factor: 4460.0 

CONCENTRATION UNITS: 
PPBV Q 

4500 u 
4500 u 
4500 u 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 4500 u 
622-96-8--------4-Ethyltoluene ----- 4500 u 
108-67-8--------1,3,5-Trimethylbenzene 4500 u 
95-63-6---------1,2,4-Trimethylbenzene 4500 u 
541-73-1--------1,3~Dichlorobenzene 4500 u 
100-44-7--------Benzyl Chloride 4500 u 
106-46-7--------1,4-Dichlorobenzene 4500 u 
95-50-1---------1,2-Dichlorobenzene 4500 u 
120-82-1--------1,2,4-Trichlorobenzene 4500 u 
87-68-3---------Hexachlorobutadiene 4500 u 

FORM I VOA AIR 



1E 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

l46DPVE12D~ 
SDG No. : 34872 

r,ab Name: SWL-TULSA Contract: FLUORDAN 

J.b Code: SWOK Case No . : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/18/98 

Date Analyzed: 07/27/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 2 

CAS NUMBER COMPOUND NAME 
==•=======•z==== ••===~z==m•==•===~==••===s=c 

l. 79-38-9 Ethene, chlorotrifluoro-
2. UNKNOWN 
3 . 
4 . 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

Lab Sample ID: 34872.01DL 

Lab File ID: Z7149.D 

Dilution Factor: 4460.0 

RT 
:z=====s= 

2.846 
4.697 

CONC. UNITS 
PPBV 

EST. CONC. 
=--===-z:=-==·=== 

13000.0 
63000.0 

Q 
-==--~ 

NJD 
JD 

AIR • 



• 

• 

• 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

147SPRC12 
Contract: FLUORDAN Lab Name: SWL-TULSA 

.tb Code: SWOK Case No. : GPENV SAS No.: SDG No. : 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

75-71-8---------Dichlorodifluoromethane 
74-87-3---------Chloromethane 

Lab Sample ID: 34910.01 

Lab File ID: Z719l.D 

Dilution Factor: 201.0 

CONCENTRATION UNITS: 
PPBV Q 

(F12 200 
200 

76-14-2---------1,2-DC-1,1,2,2-TFA (F1l4) 200 
75-01-4---------Vinyl Chloride -- 200 
74-83-9---------Bromomethane 200 
75-00-3---------Chloroethane 200 
75-69-4---------Trichlorofluoromethane (F11) 200 
67-64-1---------Acetone 200 
75-35-4---------1,1-Dichloroethene 200 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 8900 
75-09-2---------Methylene Chloride -- 200 
75-15-0---------carbon Disulfide 200 
156-60-5--------trans-1,2-Dichloroethene 200 
75-34-3---------1,1-Dichloroethane -- 200 
78-93-3---------2-Butanone 160 
156-59-2--------cis-1,2-Dichloroethene 200 
67-66-3---------Chloroform 200 
71-55-6---------1,1,1-Trichloroethane 200 
107-06-2--------1,2-Dichloroethane 200 
71-43-2---------Benzene 200 
56-23-5---------Carbon Tetrachloride 200 
78-87-5---------1,2-Dichloropropane 200 
79-01-6---------Trichloroethene 200 
108-10-1--------4-Methyl-2-Pentanone 200 
10061-01-5------cis-1,3-Dichloropropene 200 
10061-02-6------trans-1,3-Dichloropropene ___ 200 
108-88-3--------Toluene 200 
79-00-5---------1,1,2-Trichloroethane 200 
591-78-6--------2-Hexanone 200 
106-93-4--------1,2-Dibromoethane 200 
127-18-4--------Tetrachloroethene 200 
108-90-7--------Chlorobenzene 200 
100-41-4--------Ethylbenzene 200 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
J 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 



lA 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

147SPRC12 ~ 
SDG No. : 34872 

Lab Name: SWL-TULSA Contract: FLUORDAN 

.... b Code : SWOK Case No . : GPENV 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------styrene 

SAS No.: 

Lab Sample ID: 34910.01 

Lab File ID: 27191.0 

Dilution Factor: 201.0 

CONCENTRATION UNITS: 
PPBV Q 

200 
200 
200 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 200 --622-96-8--------4-Ethyltoluene 200 
108-67-8--------1,3,5-Trimethylbenzene 200 
95-63-6---------1,2,4-Trimethylbenzene 200 
541-73-1--------1,3-Dichlorobenzene 200 
100-44-7--------Benzyl Chloride 200 
106-46-7--------1,4-Dichlorobenzene 200 
95-50-1---------1,2-Dichlorobenzene 200 
120-82-1--------1,2,4-Trichlorobenzene 200 
87-68-3---------Hexachlorobutadiene 200 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u • 

AIR • 



• 

• 

• 

lE EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
147SPRC12 

Lab Name: SWL-TULSA 

tb Code : SWOK 

Contract: FLUORDAN 

Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 2 

CAS NUMBER COMPOUND NAME 
~=:=:=;:z::c:::z :E:::========z•••=======-=-= 

1. UNKNOWN 
2. 109-99-9 Furan, tetrahydro-
3. 
4 . 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12 . 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No.: 34872 

Lab Sample ID: 34910.01 

Lab File ID: Z719l.D 

Dilution Factor: 201.0 

RT 
.z::::====== 

4.603 
6.007 

CONC. UNITS 
PPBV 

EST. CONC. 
:::::::======= 

650.0 
380.0 

Q =----JB 
NJ 

AIR 



lA 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

t,ab Name: SWL-TULSA 

ab Code: SWOK Case No . : GPENV 

Contract: FLUORDAN 

SAS No.: 

EPA SAMPLE NO. 

148SPRC22 • 

SDG No. : 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

75-71-8---------Dichlorodifluoromethane 
74-87-3---------Chloromethane 

Lab Sample ID: 34910.02 

Lab File ID: Z7192.D 

Dilution Factor: 237.0 

CONCENTRATION UNITS: 
PPBV Q 

(F12 240 
240 

76-14-2---------1,2-DC-1,1,2,2-TFA (F114) 240 --75-01-4---------Vinyl Chloride 240 
74-83-9---------Bromomethane 240 
75-00-3---------Chloroethane 240 
75-69-4---------Trichlorofluoromethane (Fl1) 240 
67-64-1---------Acetone 240 
75-35-4---------1,1-Dichloroethene 240 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113)_ 6000 
75-09-2---------Methylene Chloride 240 
75-15-0---------Carbon Disulfide 240 
156-60-5--------trans-1,2-Dichloroethene 240 
75-34-3---------1,1-Dichloroethane -- 240 
78-93-3---------2-Butanone 240 
156-59-2--------cis-1,2-0ichloroethene 240 
67-66-3---------Chloroform 240 
71-55-6---------1,1,1-Trichloroethane 240 
107-06-2--------1,2-Dichloroethane 240 
71-43-2---------Benzene 240 
56-23-5---------Carbon Tetrachloride 240 
78-87-5---------1,2-Dichloropropane 240 
79-01-6---------Trichloroethene 240 
108-10-1--------4-Methyl-2-Pentanone 240 
10061-01-5------cis-1,3-Dichloropropene 240 
10061-02-6------trans-1,3-Dichloropropene ___ 240 
108-88-3--------Toluene 240 
79-00-5---------1,1,2-Trichloroethane 240 
591-78-6--------2-Hexanone 240 
106-93-4--------1,2-Dibromoethane 240 
127-18-4--------Tetrachloroethene 240 
108-90-7--------Chlorobenzene 240 
100-41-4--------Ethylbenzene 240 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u • u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR • 



• 

• 

• 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

148SPRC22 
Lab Name: SWL-TULSA 

b Code: SWOK Case No . : GPENV 

Contract: FLUORDAN 

SAS No.: SDG No. : 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

Lab Sample ID: 34910.02 

Lab File ID: Z7192.D 

Dilution Factor: 237.0 

CONCENTRATION UNITS: 
PPBV Q 

240 
240 
240 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 240 
622-96-8--------4-Ethyltoluene -- 240 
108-67-8--------1,3,5-Trimethylbenzene 240 
95-63-6---------1,2,4-Trimethylbenzene 240 
541-73-1--------1,3-Dichlorobenzene 240 
100-44-7--------Benzyl Chloride 240 
106-46-7--------1,4-Dichlorobenzene 240 
95-50-1---------1,2-Dichlorobenzene 240 
120-82-1--------1,2,4-Trichlorobenzene 240 
87-68-3---------Hexachlorobutadiene 240 

' 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 



lE EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: SWL-TULSA 

.b Code : SWOK 

Contract: FLUORDAN 
14BSPRC22 • 

Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0. 32 (mm) 

Number TICs found: 5 

CAS NUMBER COMPOUND NAME 
=========--====- am===::2====•===-======::z:: 

1. 79-38-9 Ethene, chlorotrifluoro-
2. UNKNOWN 
3. UNKNOWN 
4. 109-99-9 Furan, tetrahydro-
5. UNKNOWN HYDROCARBON 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No. : 34872 

Lab Sample ID: 349~0.02 

Lab File ID: Z7192.D 

Dilution Factor: 237.0 

RT 
==--==== 

2.832 
3.747 
4.635 
6.013 
7.476 

CONC. UNITS 
PPBV 

EST. CONC. 
""""==::===~ 

320 . .0 
---rSlLO 
660.0 
s_sD__o) 
290.0 

0 
:z•=== 

NJ 
J 

JB 
NJ 

J 

AIR • 



• 

• 

• 

lA EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

150DPVEA9 
Lab Name: SWL-TULSA Contract: FLUORDAN 

.b Code : SWOK Case No. : GPENV SAS No.: SDG No. : 34872 

Matrix: AIR Lab Sample ID: 34910.03 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

Lab File ID: Z7199.D 

Dilution Factor: 3.0 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENT~TION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 3 
74-87-3---------Chloromethane 3 
76-14-2---------1,2-DC-1,1,2,2-TFA (F114) 3 
75-01-4---------Vinyl Chloride - 7 
74-83-9---------Bromomethane 3 
75-00-3---------Chloroethane 3 
75-69-4---------Trichlorofluoromethane (Fi1) 3 
67-64-1---------Acetone 14 
75-35-4---------1,1-Dichloroethene 3 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 3 
75-09-2---------Methylene Chloride - 2 
75-15-0---------Carbon Disulfide 2 
156-60-5--------trans-1,2-Dichloroethene 3 
75-34-3---------1,1-Dichloroethane -- 3 
78-93-3---------2-Butanone 6 
156-59-2--------cis-1,2-Dichloroethene 51 
67-66-3---------Chloroform 3 
71-55-6---------1,1,1-Trichloroethane 3 
107-06-2--------1,2-Dichloroethane 3 
71-43-2---------Benzene 3 
56-23-5---------carbon Tetrachlor~de 3 
78-87-5---------1,2-Dichloropropane 3 
79-01-6---------Trichloroethene 190 
108-10-1--------4-Methyl-2-Pentanone 3 
10061-01-5------cis-1,3-Dichloropropene 3 
10061-02-6------trans-1,3-Dichloropropene 3 
108-88-3--------Toluene -- 25 
79-00-5---------1,1,2-Trichloroethane 3 
591-78-6--------2-Hexanone 3 
106-93-4--------1,2-Dibromoethane 3 
127-18-4--------Tetrachloroethene 3 
108-90-7--------Chlorobenzene 3 
100-41-4--------Ethylbenzene 3 

FORM I VOA 

u 
u 
u 
u 
u 
u 

u 
u 
J 
J 
u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 

AIR 



lA EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

150DPVEA9 . ..J.... --• Contract: FLUORDAN Lab Name: SWL-TULSA 

.b Code : SWOK Case No. : GPENV SAS No.: SDG No. : 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 {mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

Lab Sample ID: 34910.03 

Lab File ID: Z7199.D 

Dilution Factor: 3.0 

CONCENTRATION UNITS: 
PPBV Q 

2 
3 
3 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 3 
622-96-8--------4-Ethyltoluene -- 3 
108-67-8--------1,3,5-Trimethylbenzene 3 
95-63-6---------1,2,4-Trimethylbenzene 3 
541-73-1--------1,3-Dichlorobenzene 3 
100-44-7--------Benzyl Chloride 3 
106-46-7--------1,4-Dichlorobenzene 3 
95-50-1---------1,2-Dichlorobenzene 3 
120-82-1--------1,2,4-Trichlorobenzene 3 
87-68-3---------Hexachlorobutadiene 3 

FORM I VOA 

J 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 

• 

• 



• 

• 

• 

1E EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
1SODPVEA9 

Lab Name: SWL-TULSA Contract: FLUORDAN 

.. b Code : SWOK Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 14 

CAS NUMBER COMPOUND NAME 
::c:=====;:::::: ==============~--=======--== 

1. UNKNOWN 
2. UNKNOWN 
3. UNKNOWN 
4. UNKNOWN 
5 . UNKNOWN 
6. Butadiene, methyl-
7. 123-72-8 But anal 
8. 66-25-1 Hexanal 
9. Cyclotrisilocane, hexamethyl 

10. 111-71-7 Heptanal 
11. 556-67-2 Cyclotetrasiloxane, octameth 
12. 124-13-0 Oct anal 
13. Hexanol, ethyl-
14. 124-19-6 Nonanal 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No. : 34872 

Lab Sample ID: 34910.03 

Lab File ID: Z7199.D 

Dilution Factor: 3.0 

RT 
======== 

2.830 
3.024 
3.142 
3.180 
3.922 
4.041 
5.273 
9.330 
9.632 

11.477 
13.043 
13.522 
14.109 
15.352 

CONC. UNITS 
PPBV 

EST. CONC. 
==:.::::::::::::::.;;;;:=:=~:= 

14.0 
8.0 
9.0 

10.0 
9.0 

11.0 
10.0 

6.0 
16.0 

6.0 
5.0 
8.0 
4.0 
9.0 

Q 
==-==== 

J 
J 
J 
J 
J 
J 

NJ 
NJ 

j 
NJ 
NJ 
NJ . 

' N._ 

AIR 



lA 
VOLATILE ORGANICS ANALYSIS DATA SHEE~ 

Lab Name: SWL-TULSA 

tb Code : SWOK Case No. : GPENV 

Contract: FLUORDAN 

SAS No.: 

EPA SAMPLE NO. 

152SPRC1A9 • 

SDG No.: 34872 

Matrix: AIR Lab Sample ID: 349~0.04 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

Lab File ID: Z7200.D 

Dilution Factor: 2.5 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPO miD PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 2 
74-87-3---------Chloromethane 

(F114) 
2 

76-14-2---------1,2-DC-1,1,2,2-TFA -- 2 
75-01-4---------Vinyl Chloride 5 
74-83-9---------Bromomethane 2 
75-00-3---------Chloroethane 2 
75-69-4---------Trichlorofluoromethane (F11) 2 
67-64-1---------Acetone 5 
75-35-4---------1,1-Dichloroethene 2 
76-13-1---------1,1,2-TC-1,2,2-TFA (Fl13) -- 2 
75-09-2---------Methylene Chloride 2 
75-15-0---------Carbon Disulfide 2 
156-60-5--------trans-1,2-Dichloroethene 2 
75-34-3---------1,1-Dichloroethane --- 2 
78-93-3---------2-Butanone 2 
156-59-2--------cis-1,2-0ichloroethene 44 
67-66-3---------Chloroform 2 
71-55-6---------1,1,1-Trichloroethane 2 
107-06-2--------1,2-Dichloroethane 2 
71-43-2---------Benzene 2 
56-23-5---------Carbon Tetrachlor~de 2 
78-87-5---------1,2-Dichloropropane 2 
79-01-6---------Trichloroethene 230 
108-10-1--------4-Methyl-2-Pentanone 2 
10061-01-5------cis-1,3-Dichloropropene 2 
10061-02-6------trans-1,3-Dichloropropene __ 2 
108-88-3--------Toluene 7 
79-00-5---------1,1,2-Trichloroethane 2 
591-78-6--------2-Hexanone 2 
106-93-4--------1,2-Dibromoethane 2 
127-18-4--------Tetrachloroethene 2 
108-90-7--------Chlorobenzene 2 
100-41-4--------Ethylbenzene 2 

FORM I VOA 

u 
u 
u 
u 
u 
u 

0 
u 
u 
u 
u 
u • u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
J 
u 
u 

AIR • 



• 

• 

• 

lA EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

152SPRC1A9 
Contract: FLUORDAN Lab Name: SWL-TULSA 

1b Code : SWOK Case No . : GPENV SAS No.: SDG No.: 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

Lab Sample ID: 34910.04 

Lab File ID: Z7200.D 

Dilution Factor: 2.5 

CONCENTRATION UNITS: 
PPBV Q 

2 
2 
2 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 2 
622-96-8--------4-Ethyltoluene --- 2 
108-67-8--------1,3,5-Trimethylbenzene 2 
95-63-6---------1,2,4-Trimethylbenzene 2 
541-73-1--------1,3-Dichlorobenzene 2 
100-44-7--------Benzyl Chloride 2 
106-46-7--------1,4-Dichlorobenzene 2 
95-50-1---------1,2-Dichlorobenzene 2 
120-82-1--------1,2,4-Trichlorobenzene 2 
87-68-3---------Hexachlorobutadiene 2 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 



lE 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

EPA SAMPLE NO. 

152SPRC1A9. 
Lab Name: SWL-TULSA Contract: FLUORDAN 

.ib Code: SWOK Case No. : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 11 

CAS NUMBER COMPOUND NAME 
=:===z===•=====a z~==5•=~==••==z•===a••===~=• 

1. UNKNOWN 
2. UNKNOWN 
3 . Propene, methyl-
4 . UNKNOWN 
5. Butene, methyl-
6 . UNKNOWN 
7. UNKNOWN HYDROCARBON 
8. Pentadiene 
9. 541-05-9 Cyclotrisiloxane, hexamethyl 

10. UNKNOWN 
11. Hexanol, ethyl-
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No. : 34872 

Lab Sample ID: 34910.04 

Lab File ID: Z7200.D 

Dilution Factor: 2.5 

RT 
====•z== 

2.830 
3.023 
3.142 
3.179 
3.551 
3.680 
3.922 
4.035 
9.637 

12.602 
14.103 

CONC. UNITS 
PPBV 

EST. CONC. 
:z=========••== 

20.0 
12.0 

5.0 
12.0 
5.0 
5.0 
4.0 
6.0 
6.0 
3.0 

10.0 

Q 
z===-

J 
J 
J 
J 
J 
J 
J 
J 

NJ 
J 

-

AIR • 



• 

• 

1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

153SPRC2A9 
T ,ab Name : SWL- TULSA Contract: FLUORDAN 

.b Code : SWOK Case No. : GPENV SAS No.: SDG No. : 34872 

Matrix: AIR Lab Sample ID: 34910.05 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

Lab File ID: Z720l.D 

Dilution Factor: 1.9 

GC Column:DB-5 ID: 0. 32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 2 
74-87-3---------Chloromethane 2 
76-14-2---------1,2-DC-1,1,2,2-TFA (Fi14) 2 
75-01-4---------Vinyl Chloride -- 48 
74-83-9---------Bromomethane 2 
75-00-3---------Chloroethane 2 
75-69-4---------Trichlorofluoromethane (F11) 2 
67-64-1---------Acetone 15 
75-35-4---------1,1-Dichloroethene 3 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 2 
75-09-2---------Methylene Chloride -- 2 
75-15-0---------carbon Disulfide 1 
156-60-5--------trans-1,2-Dichloroethene 34 
75-34-3---------1,1-Dichloroethane -- 2 
78-93-3---------2-Butanone 2 
156-59-2--------cis-1,2-Dichloroethene 1400 
67-66-3---------Chloroform 2 
71-55-6---------1,1,1-Trichloroethane 2 
107-06-2--------1,2-Dichloroethane 2 
71-43-2---------Benzene 4 
56-23-5---------Carbon Tetrachloride 2 
78-87-5---------1,2-Dichloropropane 2 
79-01-6---------Trichloroethene 560 
108-10-1--------4-Methyl-2-Pentanone 2 
10061-01-5------cis-1,3-Dichloropropene 2 
10061-02-6------trans-1,3-Dichloropropene 2 
108-88-3--------Toluene -- 5 
79-00-5---------1,1,2-Tricfiloroethane 2 
591-78-6--------2-Hexanone 2 
106-93-4--------1,2-Dibromoethane 2 
127-18-4--------Tetrachloroethene 11 
108-90-7--------Chlorobenzene 2 
100-41-4--------Ethylbenzene 2 

FORM I VOA 

u 
u 
u 
u 
u 

u 
u 
J 

u 
u 
E 
u 
u 
u 
u 
u 
E 
u 
u 
u 
u 
u 
u 

u 
u 

AIR 



lA 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: SWL-TULSA 

.b Code : SWOK Case No. : GPENV 

Contract: FLUORDAN 

SAS No.: 

EPA SAMPLE NO. 

153SPRC2A9 • 

SDG No. : 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------Styrene 

Lab Sample ID: 34910.05 

Lab File ID: Z72Dl.D 

Dilution Factor: 1.9 

CONCENTRATION UNITS: 
PPBV Q 

2 
2 
2 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 2 
622-96-8--------4-Ethyltoluene --- 2 
108-67-8--------1,3,5-Trimethylbenzene 2 
95-63-6---------1,2,4-Trimethylbenzene 4 
541-73-1--------1,3-Dichlorobenzene 2 
100-44-7--------Benzyl Chloride 2 
106-46-7--------1,4-Dichlorobenzene 2 
95-50-1---------1,2-Dichlorobenzene 2 
120-82-l--------1,2,4-Trichlorobenzene 2 
87-68-3---------Hexachlorobutadiene 2 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u • 

AIR • 



• 

• 

• 

1E EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
153SPRC2A9 

Lab Name: SWL-TULSA 

) Code: SWOK Case No . : GPENV 

Contract: FLUORDAN 

SAS No.: SDG No. : 34872 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 13 

CAS NUMBER COMPOUND NAME 
====;=--======-= :z•z=====--===•==•:========= 

1. UNKNOWN 
2. Propene, methyl-
3. 109-99-9 Furan, tetrahydro-
4. 541-05-9 Cyclotrisiloxane, hexamethyl 
5. UNKNOWN 
6. Hexanol, ethyl-
7. UNKNOWN HYDROCARBON 
8. Benzene, ethyl-dimethyl-
9. Benzene, tetramethyl-

10. UNKNOWN HYDROCARBON 
11. UNKNOWN HYDROCARBON 
12. UNKNOWN HYDROCARBON 
.3. 91-20-3 Naphthalene 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

Lab Sample ID: 34910.05 

Lab File ID: Z7201.D 

Dilution Factor: 1.9 

RT 
======--

2.819 
3.147 
6.112 
9.658 

12.596 
14.071 
15.206 
15.798 
15.874 
16.234 
16.772 
16.987 
17.127 

CONC. UNITS 
PPBV 

EST. CONC. 
=·-============ 

9.0 
6.0 
4.0 
2.0 
3.0 

18.0 
11.0 

2.0 
3.0 
3.0 

13.0 
4.0 
4.0 

Q 
•===== 

J 
J 

NJ 
NJ 

J 
J 
J 
J 
J 
J 
J 
J 

NJ 

AIR 



1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: SWL-TULSA 

.ib Code: SWOK 

Contract: FLUORDAN 

EPA SAMPLE NO. 

153SPRC2A9D. 

Case No . : GPENV SAS No.: SDG No.: 34872 

Matrix: AIR Lab Sample ID: 34910.0SDL 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

Lab File ID: Z719S.D 

Dilution Factor: 187.0 

GC Column:DB-5 ID: 0.32 (mm) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND PPBV Q 

75-71-8---------Dichlorodifluoromethane (F12 190 
74-87-3---------Chloromethane 190 
76-14-2---------1,2-DC-1,1,2,2-TFA (F1l4) - 190 
75-01-4---------Vinyl Chloride 190 
74-83-9---------Bromomethane 190 
75-00-3---------Chloroethane 190 
75-69-4---------Trichlorofluoromethane (F11) 190 
67-64-1---------Acetone 190 
75-35-4---------1,1-Dichloroethene 190 
76-13-1---------1,1,2-TC-1,2,2-TFA (F113) 190 
75-09-2---------Methylene Chloride - 190 
75-15-0---------Carbon Disulfide 190 
156-60-5--------trans-1,2-Dichloroethene 190 
75-34-3---------1,1-Dichloroethane ---- 190 
78-93-3---------2-Butanone 190 
156-59-2--------cis-1,2-Dichloroethene 2200 
67-66-3---------Chloroform 190 
71-55-6---------1,1,1-Trichloroethane 190 
107-06-2--------1,2-Dichloroethane 190 
71-43-2---------Benzene 190 
56-23-5---------Carbon Tetrachlor~de 190 
78-87-5---------1,2-Dichloropropane 190 
79-01-6---------Trichloroethene 1300 
108-10-1--------4-Methyl-2-Pentanone 190 
10061-01-5------cis-1,3-Dichloropropene 190 
10061-02-6------trans-1,3-Dichloropropene ___ 190 
108-88-3--------Toluene 190 
79-00-5---------1,1,2-Tr~chloroethane 190 
591-78-6--------2-Hexanone 190 
106-93-4--------1,2-Dibromoethane 190 
127-18-4--------Tetrachloroethene 190 
108-90-7--------Chlorobenzene 190 
100-41-4--------Ethylbenzene 190 

FORM I VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
D 
u 
u 
u 
u 
u 
u 
D 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 

• 

• 



• 

• 

• 

l.A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

153SPRC2A9DLI 
Lab Name: SWL-TULSA Contract: FLUORDAN I 
~b Code: SWOK Case No.: GPENV SAS No.: SDG No.: 34872 

Matrix: AIR Lab Sample ID: 34910.05DL 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

CAS NO. . COMPOUND 

13-302-07-------m,p-Xylene 
100-42-5--------styrene 

Lab File ID: Z7195.D 

Dilution Factor: 187.0 

CONCENTRATION UNITS: 
PPBV Q 

190 
190 
190 95-47-6---------o-Xylene 

79-34-5---------1,1,2,2-Tetrachloroethane 190 
622-96-8--------4-Ethyltoluene ----- 190 
108-67-8--------1,3,5-Trimethylbenzene 190 
95-63-6---------1,2,4-Trimethylbenzene 190 
541-73-1--------1,3-Dichlorobenzene 190 
100-44-7--------Benzyl Chloride 190 
106-46-7--------1.,4-Dichlorobenzene 190 
95-50-1---------1,2-Dichlorobenzene 190 
120-82-1--------1,2,4-Trichlorobenzene 190 
87-68-3---------Hexachlorobutadiene 190 

FORM ! VOA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

AIR 



lE 
VOLATILE-ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: SWL-TUL.SA 

.b Code : SWOK 

Contract: FLUORDAN 

EPA SAMPLE NO. 

153SPRC2A9D. 

Case No . : GPENV SAS No.: 

Matrix: AIR 

Date Received: 07/21/98 

Date Analyzed: 07/30/98 

GC Column:DB-5 ID: 0.32 (mm) 

Number TICs found: 1 

CAS NUMBER COMPOUND NAME 
z====:==:iliiiz====SE ====m•===•====~===z====:z::: 

1. UNKNOWN 
2. 
3 . 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

FORM I VOA-TIC 

SDG No.: 34872 

Lab Sample ID: 34910.050L 

Lab File ID: Z7195.D 

Dilution Factor: 187.0 

RT 
=·===-==-

4.683 

CONC. UNITS 
PPBV 

EST. CONC. 
=-=====:.:=--·= 

340.0 

Q 
-====-

JBD 

---

AIR 

B-3~ 

• 



• 

Extraction Well Pump Discharge Samples 

• 

• RMT, Inc. 
I.\ WPMSN\P/T\00-04781 \03\ R000478103-004.DOC 01/13/00 

Crab Orchard National Wildlife Refuge 
Remswn 1, January 2000 6- '31 



Project: COWR GPL LABORATORIES, LLLP. Page 17 
ORGANIC ANALYSIS RESULTS • GP ID: 9807107-01A Matrix: IJATER Analyst: NEH 

Client 10: 116-3233-135-DDH Method: OLM03.2 Analyzed: 07/16/98 
collected: 07/13/98 Units: ug/L Prepared: 
Dilution: 

VOLATILE TARGET COMPOUNDS 

Parameter Result ReE!.L im. Qualifier 
Chloromethane BQL 10 
Bromomethane BQL 10 
Vinyl chloride BQL 10 
Chloroethane BQL 10 
Methylene chloride 3 10 JB 
Acetone BQL 10 
Carbon Disulfide BQL 10 
1, 1-Dichloroethene 10 J 
1,1-Dichloroethane BQL 10 
cis-1,2-Dichloroethene 200 10 
trans-1,2-Dichloroethene 3 10 J 
Chloroform 10 J 
1,2-Dfchloroethane BQL 10 
2-Butanone BQL 10 
1,1,1-Trichloroethane BQL 10 
Carbon tetrachloride BQL 10 
Bromodichloromethane BQL 10 
1,2-0ichloropropane BQL 10 

• cis-1,3-Dichloropropene BQL 10 
Trichloroethene 2000 10 
Benzene 3 10 J 
Oibromochloromethane BQL 10 
trans-1,3-0ichloropropene BQL 10 
1, 1,2-Trichloroethane BQL 10 
Bromoform BQL 10 
4-Methyl-2-pentanone BQL 10 
2-Hexanone BQL 10 
Tetrachloroethene 130 10 
1,1,2,2-Tetrachloroethane BQL 10 
Toluene BQL 10 
Chlorobenzene 180 10 
Ethyl benzene BQL 10 
Styrene BQL 10 
Xylene (total) BQL 10 

• 



Project: COWR 

GP 10: 9807142-01A 
Client 10: 116-3233-144-0PVE 
Collected: 07/17/98 
Dilution: 

Parameter 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon Disulfide 
1,1-0ichloroethene 
1,1-Dichloroethane 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Bromodichloromethane 
1,2-0ichloropropane 
cis-1,3-0ichloropropene 
Trichloroethene 
Benzene 
Oibromochloromethane 
trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1, 1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Xylene (total> 

GPL LABORATORIES, LLLP. 
ORGANIC ANALYSIS RESULTS 

Matrix: I.IATER 
Method: OLM03.2 
Units: ug/L 

VOLATILE TARGET COMPOUNDS 

Result Rep.L im. 
BOL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

69 10 
BQL 10 
BQL 10 
80L 10 
BOL 10 
BOL 10 
BQL 10 
BQL 10 
BOL 10 
BQL 10 

230 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

31 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Analyst: RHC 
Analyzed: 07/20/98 
Prepared: 

Qualifier 

Page 26 

• 

• 

• 



Project: COWR GPL LABORATORIES, LLLP. Page 29 
ORGANIC ANALYSIS RESULTS • GP 10: 9807153-01A Matril(; WATER Analyst: RHC 

Client 10: T16·3233·149-0PVE·A9 Method: OLM03.2 Analyzed: 07/21/98 
Collected: 07/19/98 Units: ug/l Prepared: 
Dilution: 

VOLATILE TARGET COMPOUNDS 

Parameter Result Re!;!.Lim. Qualifier 
Chloromethane BQL 10 
Bromomethane BQL 10 
Vinyl chloride 17 10 
Chloroethane BQL 10 
Methylene chloride BQL 10 
Acetone BQL 10 
Carbon Disulfide BQL 10 
1,1-Dichloroethene 13 10 
1, 1-Dichloroethane 10 J 
cis-1,2-Dichloroethene 3300 10 s 
trans-1,2-Dichloroethene 32 10 
Chloroform 4 10 J 
1,2-0ichloroethane 13 10 
2-Butanone BQL 10 
1,1,1-Trichloroethane BQL 10 
Carbon tetrachloride BQL 10 
Bromodichloromethane BQL 10 
1,2·Dichloropropane BQL 10 

• cis-1,3-Dichloropropene BQL 10 
Trichloroethene 24000 10 s 
Benzene 5 10 J 
Oibromochloromethane BQL 10 
trans-1,3-Dichloropropene BQL 10 
1, 1,2-Trichloroethane 44 10 
Bromoform BQL 10 
4-Methyl-2-pentanone BQL 10 
2·Hel(anone BQL 10 
Tetrachloroethene 120 10 
1,1,2,2-Tetrachloroethane 2 10 J 
Toluene 6 10 J 
Chlorobenzene BQL 10 
Ethyl benzene 2 10 J 
Styrene BQL 10 
Xylene (total) 10 10 

• 



Project: COIJR 

GP 10: 9807107-01C 
Client ID: T16-3233-135·DDH 
Collected: 07/13/98 
Dilution: 

Parameter 
bisC2-Chloroethyl)ether 
Phenol 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2,2'-oxybisC1-chloropropane) 
2-Methylphenol 
Hexachloroethane 
N·Nitroso-di·n·propylamine 
4-Methylphenol 
Nitrobenzene 
Jsophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
bisC2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexac:hlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2·Chloronaphthalene 
2·Nitroaniline 
Acenaphthylene 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthene 

GPL LABORATORIES, LLLP. 
ORGANIC ANALYSIS RESULTS 

Matrix: WATER 
Method: OLM03.2B 
Units: ug/L 

SEMIVOLATILE TARGET C{JIIPOUNDS 

Result Rep. lim. 
BQL 11 

4 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
8QL 11 

2 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 11 
BQL 27 
BQL 11 
BQL 27 
BQL 11 
BQL 11 
BQL 11 
BQL 11 

Page 3 

Analyst: CJD • Analyzed: 07/16/98 
Prepared: 07/14/98 

Qualifier 

J 

J • 

• 



Project: COI.IR GPL LABORATORIES, LLLP. Page 4 
ORGANIC ANALYSIS RESULTS • GP 10: 9807107-01C Matrix: WATER Analyst: CJD 

Client ID: T16-3233-135-DDH Method: OLM03.2B Analyzed: 07/16/98 
Collected: 07/13/98 Units: ug/L Prepared: 07/14/98 
Dilution: 

SEMI VOLATILE TARGET COMPOUNDS 

Parameter Result Re1;1.Lim. Qualifier 
3-Ni troani line BQL 27 
2,4-Dinitrophenol BQL 27 
Dibenzofuran BQL 11 
2,4-Dinitrotoluene BQL ,, 
4-Nitrophenol BQL 27 
Fluorene BQL 11 
4-Chlorophenyl-phenylether BQl ,, 
Diethylphthalate BQL 11 
4-Nitroaniline BQL 27 
4,6-Dinitro-2-methylphenol BQL 27 
N-nitrosodiphenylamine BQL 11 
4-Bromophenyl-phenylether BQL 11 
Hexachlorobenzene BQL 11 
Pentachlorophenol BQL 27 
Phenanthrene BQL 11 
Anthracene BQL 11 
Carbazole BQL 11 
di-n-Butylphthalate BQL 11 

• Fluoranthene BQL 11 
Pyrene BQL 11 
Butylbenzylphthalate 2 11 J 
3,3'-Dichlorobenzidine BQl 11 
Benzo[aJanthracene BQL 11 
Chrysene BQL 11 
bisC2-Ethylhexyl)phthalate 2 11 JB 
di-n-Octylphthalate BQL 11 
Benzo[bJfluoranthene BQL 11 
Benzo[kJfluoranthene BQL 11 
Benzo[a]pyrene BQL 11 
lndeno[1,2,3-cd]pyrene BQL 11 
Dibenz[a,hlanthracene BQl 11 
Benzo[g,h,iJperylene BQL 11 

• 



Project: COI.JR 

GP JD: 9807142-01C 
Client 10: T16-3233·144-0PVE 
Collected: 07/17/98 
Dilution: 

Parameter 
bis(2-Chloroethyl)ether 
Phenol 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1, 2-D i.ch l orobenzene 
2,2'·oxybis(1-chloropropane> 
2·Methylphenol 
Hexachloroethane 
N·Nitroso-di-n-propylamine 
4-Methylphenol 
Nitrobenzene 
lsophorone 
2·Nitrophenol 
2,4-Dimethylphenol 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroanfline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2·Nitroani line 
Acenaphthylene 
Dimethyl phthalate 
2,6-Dinitrotoluene 
Acenaphthene 

GPL LABORATORIES, LLLP. 
ORGANIC ANALYSIS RESULTS 

Matrix: WATER 
Method: OLM03.28 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result 

8 

BQL 
8QL 
BQL 
BQL 
BQL 

BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
8QL 
BQL 
BQl 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Rep.L im. 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
29 
12 
29 
12 
12 
12 
12 

Analyst: CJD 
Analyzed: 07/25/98 
Prepared: 07/22/98 

Qualifier 

J 

Page 5 

• 

• 

• 



Project: COWR GPL LABORATORIES, LLLP. Page b 

• ORGANIC ANALYSIS RESULTS 

GP ID: 9807142-01C Matrix: WATER Analyst: CJD 
Client ID: 116-3233-144-DPVE Method: 0LM03.2B Analyzed: 07/25/98 
Collected: 07/17/98 Units: ug/l Prepared: 07/22/98 
Dilution: 

SEMIVOLATILE TARGET COMPOUNDS 

Parameter Result Ree.Lim. Qualifier 
3-Nitroaniline BQl 29 
2,4-Dinitrophenol BQL 29 
Dibenzofuran BQL 12 
2,4-Dinitrotoluene BQL 12 
4-Nitrophenol BQL 29 
Fluorene BQL 12 
4-Chlorophenyl-phenylether BQL 12 
Diethylphthalate BQl 12 
4-Nitroaniline BQL 29 
4,6-Dinitro-2-methylphenol BQL 29 
N-nitrosodiphenylamine BQL 12 
4-Bromophenyl-phenylether BQL 12 
Hexachlorobenzene BQL 12 
Pentachlorophenol BQL 29 
Phenanthrene BQL 12 
Anthracene BQL 12 
Carbazole BQL 12 
di-n-Butylphthalate 14 12 B 

• Fluoranthene BQL 12 
Pyrene BQL 12 
Butylbenzylphthalate 8QL 12 
3,3'-Dichlorobenzidine BQL 12 
Benzo[a]anthracene BQL 12 
Chrysene BQL 12 
bis(2-Ethylhexyl)phthalate 15 12 B 
di-n-Octylphthalate BQL 12 
Benzo[bJfluoranthene BQL 12 
Benzo[kJfluoranthene BQL 12 
Benzo[a]pyrene BQL 12 
lndeno[1,2,3-cdJpyrene BQL 12 
Dibenz[a,hJanthracene BQL 12 
Benzo[g,h,i]peryl~ne BQL 12 

• 



Project: COWR 

GP ID: 98D7153·01C 
Client 10: T16·3233·149·DPVE·A9 
Collected: 07/19/98 
Oi lution: 

Parameter 
bis(2·Chloroethyl)ether 
Phenol 
2·Chlorophenol 
1,3·0ichlorobenzene 
1,4-Dichlorobenzene 
1,2·Dichlorobenzene 
2,2'·oxybis<1·chloropropane) 
2·Methylphenol 
Hexachloroethane 
N·Nitroso·di·n·propylamine 
4·Methylphenol 
Nitrobenzene 
lsophorone 
2·Nitrophenol 
2,4-Dimethylphenol 
bis(2·Chloroethoxy)methane 
2,4·0ichlorophenol 
1,2,4·Trichlorobenzene 
Naphthalene 
4·Chloroaniline 
Hexachlorobutadiene 
4·Chloro·3·methylphenol 
2·Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6·Trichlorophenol 
2,4,5·Trichlorophenol 
2·Chloronaphthalene 
2·Nitroanil ine 
Acenaphthylene 
Oimethylphthalate 
2,6·Dinitrotoluene 
Acenaphthene 

GPL LABORATORIES, LLLP. 
ORGANIC ANALYSIS RESULTS 

Matrix: I.IATER 
Method: OLM03.2B 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Rep. lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BOL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BOL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

10 
BQL 10 
BOL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 26 
BQL 10 
BQL 26 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Analyst: CJD 
Analyzed: 07/25/98 
Prepared: 07/22/98 

Qualifier 

J 

Page 7 
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• 

• 



Project: COWR GPL LABORATORIES, LLLP. Page 8 

ORGANIC ANALYSIS RESULTS 

• GP 10: 9807153·01C Matrix: IJATER Analyst: CJO 
Client 10: T16·3233·149-0PVE·A9 Method: OLM03.2B Analyzed: 07/25/98 
collected: 07/19/98 Units: ug/L Prepared: 07/22/98 
Oi lution: 1 

SEMI VOLATILE TARGET COMPOUNDS 

Parameter Result ReQ.Lim. Qualifier 
3-Nitroaniline BQL 26 
2,4-Dinitrophenol BQL 26 
Dibenzofuran BQL 10 
2,4-Dinitrotoluene BQL 10 
4-Nitrophenol BQL 26 
Fluorene BQL 10 
4-Chlorophenyl·phenylether BQL 10 
Diethylphthalate BQL 10 
4-Nitroaniline BQL 26 
4,6·Dinitro·2·methylphenol BQL 26 
N·nitrosodiphenylamine BQL 10 
4-Bromophenyl·phenylether BQL 10 
Hexachlorobenzene BQL 10 
Pentachlorophenol BQL 26 
Phenanthrene BQL 10 
Anthracene BQL 10 
carbazole BQL 10 
di·n·Butylphthalate 17 10 8 

• Fluoranthene BQL 10 
Pyrene BQL 10 
Butylbenzylphthalate BQL 10 
3,3 1 -Dichlorobenzidine BQL 10 
Benzo[a]anthracene BQL 10 
Chrysene BQL 10 
bis(2·Ethylhexyl)phthalate 4 10 JB 
di·n·Octylphthalate BQL 10 
Benzo[bJfluoranthene BQL 10 
Benzo[k)fluoranthene BQL 10 
Benzo(a]pyrene BQL 10 
lndeno£1,2,3-c:dJpyrene BQL 10 
Dibenz[a,hJanthracene BQL 10 
Benzo[g,h,i]perylene BQL 10 

• 
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RMT, Inc. 

Appendix C 
FDGTI Pilot Test Schematic Diagrams 

/·\I VPMSN\ P/T\00-04781 \03\R00047810l-004 DOC 01(13/00 

Crab Orchard National Wildlife Refuge 
Revision 1, Jamwry 2000 
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Field Logs from SVF/ Air Sparge Tests and 
Dual-Phase Extraction Tests 

Logs Prepared by FDGTI 



• • • 
Weather: Ytiz'7 - f.b r Page-....;..{ __ of 2. 

IWeiii.D. /V\P-\ me_ ... ·'--
Distance 31./ '5 '' 12' s , 
Time DTv-l VAC VOC DT VAC VOC 

t'll.bl. 
\{ liU:rt 
.2/J llLO:: lo.1~ 

l~ IH.ct 
lll.fl) 

~D IJ1.DS 
4S"' II, .as 

II\! 

bi> ltJ,,JO li 
+5 111.1'1 

~5 \\."1.1 1\.oJ 
I 'l.~ fl.lt.l 
13.5 11\JT 
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Barometric Pressure: -----
Temperature: 

:"illt -( 
'X' .,.,, J:J.' I/'' ~'t' ,, 

DT i\JAC VOC DT VAC VOC OT VAC VOC 
'/D.l? 

ltf 
l\l 
IS 

·:sS~. 

·~ 

oTII 
l~t 

·.m 

.::ZD' 0'' 23' ~· 
DT VAC VOC DT VAC VOC 

' 
1,3b Jl,-aJi 1/.10 ... ,.~ll -:~'11 

Blower: ....,..,..-=:---,..,,---~-----------
How was Air Flow Measured: 

w~-ruv M~ e~w. frztOe... lD 't'CSI srRe.{' : ,ss,9t.Jo 
&quo.JJ How was Water Flow Measured: HEf5.:R-t Uqne., (?)b7J 

How were VOCs Measured: 

1 SS13S" (; 32 ,..,,'\),) J..l'ib -n:~.o;- :: 3bPr"\ 

I S' ~ 0 ~\b "': 40 ~~\ Tt) ~ PVMP 

\~bl)l. :1 e 
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\ lb 1\ .... :::"' \ • (\ < (q.., 2,1:15" (,(1..-, OJ.._ 

T0l.$bl,)c.'ce\ S~ ( tJ MP .. 3 ~ Mf> ... y 
fUL ~~~ W~ jlo...; _. l't~T it l 'Z-



Weather: 1/e~'t - th.rC' Page 2 of ? 

IJI[e111.u. ,..,p. l 
Distance 
Time DTv VAC VOC DT\J VAC VOC 
$laUe -
2.tb 111.41 

'2~ .51 II. liD 
lli.Jf 

-:;3o r1 .. r11 lll:tc 

I.'U. 
.I\.~ 

1-1 1 c:t') • EFt liLt~ 
Ll.~o 11.71 1 \ 4;' 
SJb ,l;H t\.b;" 

IIi~ 

Mo rJ, tl 

Blower: 

Barometric Pressure: -----
Temperature: 

.c;;\1.'- - \ 

DTw VAC VOC DT'tJ VAC VOC DT VAC VOC 

rAtE 

- 1.01.~ 
-. '·""' 

-lt.ti~ 
~ lt.l3~J 

.TJt.t 
h.\4<1 !fli 
i.i4i .Wo 
l.rW! 

.... "l.tA 

- .t\c; 

DT VAC VOC 

How was-=A-:-ir-=F:-Iow---:-:M:-ea-s-ur-ed-=-:--------------
S71W8) c.>-.~f'1~ ff-~) e 19'2. 3 o \Z \\uJl 

f><1~ &...J w't.Lv (o •. ::iilr.l~ How was Water Flow Measured:.....: -----------
How were VOCs Measured: 

J,., rTIIH... t.JltnrL I'Ui"'t1L ISS, t~O 

6/'l(..t.O..a~ , 

• • 

~TW )lr\t (,v l 

-

DT VAC VOC 

• 
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Site: 
Date: 

Page __ \ __ of 2-
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How were VOCs Measured: fuG.f<>vc., • 3co 
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1\n,...,) 
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Barometric Pressure: 
Temperature: 

SJt ~s,-
IWeiii.D. /)?/!_~/ _/}11!_-_Z. Ll'Jt' ---s 
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Time DT VAC voc OT VAC voc OT VAC voc 
Static II.!/ I - ltb."1t - I~J.I. -
4if0 11.80 i) 11.2.51 C) L<_"t'l () 
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How was Water Flow Measured_: ------------
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Page ___ of --..!..--

Barometric Pressure: -----
Temperature: _rJ_Of..!..~=-------

~caE. \l-SI 

IW 
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,. Ot)r~.::.c..e-, ,..N: c::~ C].~e ~-

How was Water Flow Measured: tJ 1\ 
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'lA(. ~< ;,... 1M.~ \.ft.o r~r t.\..\011.,'~:.) 'P11~./\\) 
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site: CowR T-~-2. AM 
Date: 3-~ ·~ 
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B ll .. L J=l_a _!!1 q ..Jr 
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Distance A '\ ..1 ~ '· r1:.11•' 1/>z.·· 
Time DT VAC vee DT VAC vee DT VAC voc 
Static Q .~ ~Ut IQqp, 

5 B.t~ h ... l(, 1'1-:t:b 
1_0_ '1',0 l'l."l1. Vt; ~" 
'S' Cf.u fiS.~<d ln.r;'t._ - ---t..cat '"-"'' - -

'iO /DHi - -
1/J.bj r2.1.1Z.. 

50 //).~ - -- -
lfl.4b 121.}1/ 
[Jq;"7J f??. p 

' 0 fl.(..; 2~ l.Cj ~-
fOS J.rt :zb.b"-1 t.3.c 

rzom tz'f. - -
I .5 D :t~.'l - - I 

-- -
Blower. 
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Site: 
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/TI~~ ~ 
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".1·12 i?l9f 
ZI.'M 21-iStt ~S:2C.. - -.,., .'*1 :'J(I.{ - -· 

Barometric Pressure: ------
Temperature: 

(T)f ..... ~ /IJP..-4 
~ 1\)'Ji( I ) 

VAC voc DT VAC voc DT VAC VOC t'.lD DT 
9.'o3 
ZJ.'{l 
ZJ.'l.; 
tif.it 
~1{.3! 
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w.a:..u.. /),.p 9.2'Y" 211' j'' 
VAC YOC A:ll)_ DT VAC r\IR)c 

It:. 

- ...... ~-v-· 

'l4.1 
p bo 149i:. ~. ) 

·' 

0 
\ 

p 

- -
~:J. i tJ(Z '1 2'/.~ - J - 0.1 - ~:7 - Ji' - r s- t.n 
2~ .• ~- q~:r ~ ... "'>.~ '~ ,~ Q 1 (),\) - .1 - ~.\) - "i.~ - ,, .~ '·" 
i1J.L.63 .~~ lt\el1_ ~~ ._'j_ Q!)IJI. tl. I) 

'?!'\ - () - ~s -. liS - :IL-J 1~.0 
~1./.dJ 17115 ~<Z'1 -,~ .. t 1.,.~ JL. 6 - J, ,z 1-6 l<.l:) !A.•O L~ - ·~.Co - JKl.. - 1!\~'# - !/~ ,'1.--- /.3 
't.l./.4/1; rf?.~ ~ft'_ ~1 1?&.~~ ... l.ll/ll - 1.'- 16 ,() 0·'0 

'-+s• 'L,'1, c., lno.:-t tr,_ ~ bLJl~ l&.c .s.~ 0 0 
~.fl :zs.~ 5tn ":M,"!I I'U -'7' .16", (a - il'll'_ ! D l~ C> 0 
:"1.</SJ~ '26·& 1?.5.0 ~1>;11) IA.2 

(o o 0 IU,_,':f] 0 ~ 1!9.¥ 12.f. -1. 'Uo-'1' rc;t 

Blower: ~-=::---:--:----,.---------------
How was Air Flow Measured: (? 2 I~ Ml ~.JO<\.) 1-.l1'"A (l.}) J!»\LILltftCI.h? ?\0 .' e,ct 

U)v.)~ (I,JI"f ~ l,_.&!-~ . How was Water Flow Measured"-: ------------
How were VOCs Measured: 

• 

Q .J.1Q mll-b 1-.,m -u..r; - t.Jc:m.t.- t..rJW rot~~~V ~~""' or W 
So w\:.. ~\)s~ 1\\t. ft,o...) ~ -.b -; S (1'1¥1 (PttO•'l.4'1 3 2-4) 

VAt m~S· .. HZ'0 \.,.,\ tr.lC~ oy Hv~ 

• 

. I 
0 

• 
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Barometric Pressure: -------Temperature: 

~!1 
rweu 1.0. ~~I .....-.0-1. -""''- "!. 

_h e_-1...1 -~ o<Jf\...P ,..,~_,..,__ 12ve~ 
Distance 
Time DT VAC voc DT VAC voc DT VAC voc OT VAC 
Static 2'1,:;& !) .... 2&'-IIJ 
C.,"'J"' 1~.8f ~ I~ "'1 t.>-;: b£-'1 l~l.l'r .~ lto.1. 
!.foo II"H~ 0 12.f.tf1 '2 8 .t I !)tt_'l "\-Q. ( 

ICQ~to n.,, ~ -~.f~ ~~(,.'1. ll't\J..r I~ 

Blower. --=------,---------------
How was Air Flow Measured: 
How was Water Flow Measured.:..: ------------
How were VOCs Measured: 

'Z~ lh/'l 
.;I,'CIJ ~~ .... 

v..nf 
voc DT VAC voc it?l\) DT VAC voc ~ DT VAC I\MC 

- n« 0·1-_ .1{ s.o 0 0 ,,,X_ 
0 0 

·Q ;:, 

~d) ~c.~ (£UJ) 1-\01 IUrJVtd) 
f'~ O·'i- 1·3 



Site: C 0 W R J'- ) - '2- Weather: !iNtJrJ'( ..... ~ 
~=~ .. : wkf?fG>JS BarometOcPressure: ------
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B.!_l.L. H~a_EMq "'' Temperature: 

(fc-•N Cf'....rj• ~'' S~M.L~ 1c. s \ 
!Weill.~ MP-1 f"'lP -? ('I'IP- 3 -rr1V-4 _'SFQ~l:l'~. WtLL- :lfr.J 

Time DTW VAC VOC[t\..) DlltJ VAC VOClt-.u DT\V VAC VOC~~ DTw VAC VOC tJ., 1m::-- 'M.IC VOC DT WAll\49Cf"IP DT VAC VOC 
Static l ( ( l P':S .\-1-' /_ 

015'oo o IJ '0 o IT ,q'o ' lc.-,-
~·'i o " o o \ ..,a I \17 

>fq.-§_ 0 { 0 ::J I 0 17 I f'v-:J \ IIR 

pq,o£" n I '0 l o 5 1 "'0 J 11~ 

/l.'Oo- /(J,'fj i) I Ia.-,.~ lb.fL. c),'t /),:j !d.~ {), l I 1 <1!f/ ,Iff/ 111. I C.b\ a.") ICJ 0 l. I~ l·D 

II u ( I e Rt.e .. -nsi r '-1r't. FLow lt£~1.>\..l ... 
Blower: vAC(()...J w}Jf.t -.)\JL L (u,..,P~.\ScSZ., 41) ,}\ t~. ~ 
HowwasAirFiowMeasured: f/i~ Y? ~(Ht'k F~ SvrtnOvtJouvc, S../C ~Lou; 
How was Water Flow Measured: S'41S- f /t-h~ ~"\!a. '..l).f.l..t "'-' ~'k 
How were VOCs Measured: P It> .)... . i.Jr:O · 

~ \)\~Af\)t't-J t\flt. lhV\~~ 

A. rcL ~P~~ ~"TJ.\Il:f'GD ~ \::)Qr;) 

• • 

S \1 E.-1/ toloJ l£lpfi.O,.q~f\owjtJ, '/ .... ~r•r.t-
"5v~·Vr., .... 1.,o ~::IN.'/ ... ,_ ctc.., .... "'-
'T \'1.1 ~>Jrre..,.J, ·,.. 6 s.Je. .,..,..u~, w-u.a.. 

OJ......_., +-., oL.·h"''" '-L\J.:f,•., ...... ,J ~ J~ 
.f o.-~ ,-~'""" l&o..-ur. 
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I 
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Weather: 

Barometric Pressure: ------
Temperature: 

') J t:/ S,.f( r.fU.l:._ ~'ll 
Weiii.U. fhp_-1 mP- z /YIP~3 f?Y~-u \f'tleLt- W€!.1 
Distance f'_l.!) 

Time DT VAC voc D~ DT VAC voc w DT VAC ~ .l>o 
Static '10.1."( () '0>& o:gb lUll _Q_ ~ IO,fl lllfii" n t;K:.. 1&:::: 
N3o fA~ 6 \).'8"1 liDS? rl ~~ 1'21~ • .-~ 1.1 tl.i? 
1/{"()0 Ja.IL n .o\ 1Al·cl1 2 b.1.l 1/>.Z~ t.f.f., L 11-"Hr 
J~3D fD.t /} /},q/ ~61/K IM lo, 10 IIJ.J1 JlaOl ~ol. 1/J.ZJ 

'"I» ld•t. 0 {)_!11 lln.&.IG ~A/; l'l..d l/d . .J~ :1'/.S .,Jf l/.1.~ 

Blower. _.....,..._..,.,.---...,--------------
How was Air Flow Measured: 
How was Water Flow Measured:...: ------------
How were VOCs Measured: 

v 
I 

p,f) rn........,V P9-
DT VAC ~ ~,) ~:r VAC voc 

1_6_!_-ri ~ ll~ 'o.'7 10 
t~:m /0 1.1 g!=f , • 21. ill. 'l. ... - to 
!d.'l[ ~o.l ~j t.~i!h .z." ,.,., 10 
10. 61,; l/0£..1 '·" IJt.~J D.~ lb 
//}.1 Jo7.1) ;z ~ lf,ft .,,s- lo 

• 
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OOtRc.n()<.) t .... lHl 
['lNol 

bT VAC voc ~ DT VAC voc 
0 IJ-:JS' lro 
tJ .~.,. ,,? 
("\ J1j t. \ 
tll ,.,, j_, a. 
tJ 116 1.3... 



Site: Weather: SJfiJN'1 - /lor 
Date: 

Testers:~~=~~~~:==::=------ Barometric Pressure: ------
Temperature: 

' 
C/U.v rf~R./ Sue.. ~~) 

'vveu hQ. 1!lt:- _l fY\ p - -z_ \lltiiiJ fl'\1-'-~ (r .. rnJ: ) ['()~-_1::1 [I At'\.)~ ~li)V Wt'lt. 
r Distance .... '5~4'' JILl r "'1-Ct" 

~"Time DT VAC voc DT VAC voc DT VAC voc 
• Sialic ~ ... ra.~ 113.cll 

~ "'l\M r- ~8 -
10 :u~ ~};" -
IS u.r.' U.S& .... 
'2..) l3."' 23:1 -
2.( B 1.5 B':li -
3\l iZJ.II, ~l•lo ._ 

~ li' ::S,r'l -
40 t:J.t§ ~ -
4~ .,_,~ r 1-.IS -
~I) U.ld A:te -
t':~ z:u. &."U -

.. "D 1?,.1..1 ll..'\. l"i ~~ ......... 
~-~ ... Z."l,, r. ~3-.u ~lfi 
q,) . !f.,,,. 117~ -

. J05. ~.C.7 rn.~ -
.AtZQ J,,C. il3-.t"1 -

13'ST" '~· IS.'U -150 ;.. ~.'1 -
Jfo~ B.. :t3:lc.t 11t:Jfl. 

Blower: ....,..,...-=--..,.=----:---------------
How was Air Flow Measured: 

How was Water Flow Measured!...: ------------
How were VOCs Measured: 

•rJJ'' 
DT VAC voc 
23.S'J, ---

....... 

--
~ 

---
·-

']\~ 

l.l':ie -
-·-

lz~:lf.l 

-t'~M1...SS (wl<il9L TT"'"".(?z= ~·~W>. l'rP { 0 

~J~~oe8~~p( ~ {P"' ~~ 
J ~"/. ~ 

CT 
I 

~ 

• 
rvt)' 

• 

I . ., 

~. 
DT VAJ~. voc H001 

21.1~) ~· I 
. ,,, ."2J 

rlb.'h 

i:RYf 
130.~ 

~1:\(/ 

~"·'~ o.1:§' 

:2il~ 

~as 
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Weather: ~"1 -/~ Page ?<' of__,.3~-
Barometric Pressure: 
Temperature: -------

1 weuw. u,....._, 
Distance 

f Time DT VAC VOC OT VAC VOC DT VAC VOC DT VAC VOC .D=f' VAC VOC DT VAC VOC DT VAC VOC 
. Static 

I~ 

?tJ ""=nt\. :1\.1' I ( f' uu~ 
~~ _!) 

iiZ.l"\ 
~sa d 

- b 
- Q_ - () - 0 

t.4-b.S Q 

- 0 - , 
(lO,(!_[ C) 
~ 0 

~.ht .. O,J ~ 

0 _D 

tJ.~ 0 12!;':-u {) 

~So 0 0 

Blower: ....,..,..~---::-:----:--------------
How was Air Flow Measured: 
How was Water Flow Measured.:..: ------------
How were VOCs Measured: 

lnA1 

~4.u1_ --
~'tmf -
~ -
~i'L1 

Q_ -':¥ 2.2.1 

n 0.~ l:t., 
a 0.-f> ~'-l_ /.0 
0 : C1,t:; IZW 
G) ~ 1-v.l'b ~~ 

'D ~z. ~~.!? 
c.)_ Qd"_ 1.9Jit •/d 
d_ :1\. 'l.. 13'{,_ 

(i, !o 'l- 1"'1. "\., ,, "L 

tJ ·o.c; ·'l~~ 

0 9·'11 "Z$!J" !f. I 
_0 (3~) l232 

t&;rA·'ttat7 ,,~,N~ "'/l"tluvwvrrlz, ftJ""U ~ MoJ6 ~ 
Ov'At. r\b~ ..,-ec;.r ~ ~ • 



Weather: 
Date: ~14:~ 
Site: ;ou.)~- ~ ff'cf>tTh'?>( 

Testers: -&;l.li:::c::::~::;;.;:..H"T~~::~.J,:...:f;2:.;.:..::~----- Barometric Pressure: 

AlJA/I ,ete..( 5 vet_ 
Temperature: 

Wellf.D. 7Wf~l fi'JP-7_ .I'JIJ .. 3 ('1,.,..1 I ) 
Distance 
Time DT VAC voc DT VAC voc DT VAC voc DT 
Static 1M l2lJI,o. l7j.l.q ?J.s=J 

19'5 - - - -
\,10 tH~ -&:-, R:rr 0 - t) -
I;~ - l'bA - f) - f) -
l..flTb 1,~ -&.; ~At t) 2..S:~ C) U!JJ 
4·t'' - 1-o,"i> -' ~. - •4.l. 
~ [iii ~ rrlll 0 12$.3<1 0 
\li'i( - - _. 

~c}i) 

Blower: --=------:---------------
How was Air Flow Measured: 
How was Water Flow Measured.:..: ------------
How were VOCs Measured: 

• 

-
Z.l5~ -

-------

t'?P· l/ U,.r Z 1 OW7 
Ill~. 

VAC voc lo:t"'" VAC 

0 ~t; lt.'3£.. 
D ll>. ~ rz. '!(..., 

Q ~·1'·\.] !3\ 
0 b6~• 1..-i(, 

0 o,~ ~'S'1 
I 

• 
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Site: 
Date: 
Testers: ----~~o~~~_..~;l!:J,ll~.~a..::::~-----

r-

• 
• d

Weather: SJ"!±i - HO I 

Barometric Pressure: 
Temperature: 

~ '\1:S""J '\ ) 

• -;,_ 
Page_-~.{ __ of __ _ 

rweni.D. mP-t mP..:1 111P-1 fl) p_-1 St'f.le(t Wf ~'- · ?x";flt'£· 1wv ~.Jr( v 
Dlstanc'li ~iJ' 

., 1=1' 3 ~ Jr)' 8" ~I 
,, 

IA~f 
Time OT VAC voc \)l) DT VAC voc [)l) DT VAC voc ht\ DT VAC voc bt.) l)il""" 1\Jltc 
Static .,,,,0 ,, 

'l.l ... c: ~4.;+1 ll*.t~D 
~ l:n!b 6 ~~ t3 11-<4-,Cfi tJ l~n/. u 
l\Bi< - - - - - - --
b6-,~ ..... -I - 0 b - D 
l-\tt."K' - 7\,1. - 6 - 0 - () 

."tn!:! lti\ 't'l ~ ... \ ?'l.CJI. ,, il/.b\ lJ 12~-~ t"\ 
b~.~ 1-6~, 0 ... !n 
.!)~ iz?..'" ·o.t b."'IJ ~M 0 rl·11.. 11"1-o,4 0 ~ • .r,~ ~41 0 ~n 
b ._'t.l< - 0 - ... 0 - - 0 - - (> ..... 
It ... :) ~ lJ,CJ:J. ·" ' 121 .... () l4:1q t"} lt<t+<f 0 t) J .. tr 
!tell~ !.t!J'- 0 O~o ~.\<' >3 (),G.ftt rt4"J9 ~ o.~ !~Js 0 lotSD "·'l. 'l5' 
Ill)~ ... lf-n.t- - 0 

_. "'a•+ -- " •.t l"f' 
1~.¥ ~'.Jl1 .. A I O.'~n 24.111 110.'2. o.t.4 IK.4"j ~ .. , lo.~ ~,\0 0 0·'1-3 ;,1. 

·~ I\ Ol) l+o,c:- - - ~d.l - - f ·' - -- o,l - ~.~ 'l.o -Ill 15 IZ3~~ ~:-s h ,1,.\) 1211-;u · -,,[gz 11A".~~ ~;\ l:),'j'~ 12_th~ ~.: l.!~.'tb Q,'\ l...zo 
f114 - 14~.\ - - lt·b - - b.~ - - IO.Cl) - c,Hf %11 

ii<K 12~:1D t"t,'\ .:¥\'1 tf.~1 ~.\ lr.~'7lL a,&;J -z,( ~.ll:2. b4,\'\ l"n.'R ~.w 
J'2.o-;o - ic.J.L.. - - ~1. 't - I z ·'~ - ~.C) - /,f 11£ 
I "-A.~ tl57 ~.<" ~. '\::0" 12M1'., i.-J." l1.«8' f$J~ •S3 D.rrl 1141/t. r•.~ (J.1, II.., P5 
/So - j..;,,., - - +l,"'f - - 'S."::> - - ~.1) 

_. 
I' f 'IS 

Blower: V/.l(l. o...; Vt ,.Jl.Jrl.. 1 • Sv~ /C., MPe.f ilcYL t. .. JI i'\J ftt( (1'1 $'.( -.., 11-,.. A c.Arl 1~~ 
How was Air Flow Measured: I YJ.. J Y1 A ..JI\Ju ill'!. 
How was Water Flow Measured . .:..: __,......,-__,....,....,.~-------
How were vocs Measured: _.Lf..:..l !)"'--o~-.;::.j..:::..J_rn_~..:...· --------

l.>\)'0- ~T Jltlor A I I'L f Pll rtl.rl {\t.; 

Pot~\>~·~ A .. ~ j,,. pi• 
voc ~ VAC voc IPtD DT VAC voc 

11.)-0.'S 'fti1 

- -~1-.} \~ 
I~ h~'7 
I~ ic:t:1 1!18 1.0 
lt!o ,o; \C\-1 
1-J..- 11\'1 
lOs v~ 
0.$"' 1.., .. \ 
~!72. ""''"' o.'l.. lo?.OI 
I a.O. lm1 lf_-1... 
O.Q. l.o.:o 
boS 1AlO - 121~ 
u.1- II t.1 
ju(L... (IU 

fo,"'l- I,_, ,, '1.. 

0,1. rl7 

"$"~~ 

f'ZOI.It.hl.JA'T &t,.. 

' 



Weather: ~N~ 't - Hoi" 
Barometric Pressure: -------Temperature: 

g>~GL~rt 
:weut.o. IT/f""L r')pp 7_ /'I?P .... 3 
Distance 
Time OT VAC VOC Ou_ DT VAC voc ~u DT VAC voc 1\u DT 
Static - t):;J'j_ O_.n_ - llhCW -
12c.l\ 2.'1.S3 ,..ll ·~ 2'1·~ I~ 0~ l!.f~ .f3c 1 12~S"- t.,~ 

ii3lD - rLl - - ~.1 - - "''(~ - -
1\T\,.:; ~~Jt7 r'il . -t J.o • M,jt. l-t'l_.t ~c~.u ~41& t"f;j ~(_ ~1~ 
II.,.!-::. - .,., ~¥ - - i"'l..'lo - - t-3.(, - ~ 

-::' 4>6' 1,'2-d !::-"l ~A .• C\u rzq..-J~ ~'1 • .,. .tee. it)tl (.. 1~5" :1Lt 123.7 
, .. eJ::) - "1, ~ - - M.-"2. - - ~,.- - -
,t IS ~~.'-1~ .. ,,., I ,'9::1 11~~ .t.'1,," IM'IR ~1/.f' l1l~ 'o,qn i2.'t.1."1 

'-13u .. t(),_~ - - ... z . - - ~~~~ - -
I~ ::;:10. •J. ,; .(1,.. r,."f(Z)J :-'2 il • r.,- 2-l_'{2 ~.') l!A. 2"l!j 
l~. 1 n J ,lf) 1- - ?.1 - - ~~ - -
11l I!;'" 

.,, 
•ol I,(J I( I '21/·7' 2.1- o.e~ tq.~l.) ltj lfJ.11_ t.'/1] 

/S'5o - .~ l, - - 'Z.·'Z - - . ) - -
~l"'f L~'1 rl).ljj il,oO ~ 1'3.() I D.1l4> :zH.I& • lcl/71 tN.• 

·Jw..> 

Blower: -.~.:......:-~--=--------------
How was Air Flow Measured: 
How was Water Flow Measured.:...: ------------
How were VOCs Measured: 

• 

mE!_ .... _'t 

VAC voc 

I~ I 
~'2.-.\ 

~,j_ 
r+-r.~ 
:j,, 
f-'1LI.( 
12,er 
11.0 
J,_() 
~·1 
['3.&3 
12.e, 
11<0 

• 

. qlg.(t.:.. ~tl.l 
~~ ,. \tlfnrc. ~ 

1M -'\llffl voc 
o."\2. -
.O•tti "tP ,1.'$ 
- I. 2 ·2.1i'" 

o.(,o l,c 'fh ,..._ ;. ' '1)'5 

~""' 1. . .? '2-Y' - :.z,'£ i~fJ_ 
.lo 11.4· ~. - !·\,.' ~c..J 
67_ 12,..'-t' 1:10 
- 12·"' ~ 

h·JI 2,1. ~D - lzt 1'3~ 
IM~f It· ~ 

Page C 2._ of __ _ 

_ .. 
~'("".(A(.IIt.V (..JfC.,\.. 

~ ~ 
lei'-:_ VAC voc \1 \0 DT VAC voc 
d .. , ... H''> •·o 
::>:2 lZo 
~-1. iw /.0 
~ ·"L- llP 
61. \2.'1.. \." 
:J,'l,. 1'2-J... 1· \) 

. O.t. IZl 
lf,"t 12!J 

CZJ.'2 172. J,o 
l"\o'Z. \ Z.'-1 
,(l. 2. ,JA. /.0 
o. 'l.. 1'1 -
().'l. \(, /.0 

• 
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US AIRBORNE 
PRIORITY DELIVERY 

March 15, 1999 

Attn: Mr. Eric Gredell 
RMT 
7 44 Heartland Trail 
Mawson, VVI 53717 

Dear Mr. Gredell, 

IT Corporation 
OnP Fluor DaniPI Dri~P 
Supu Land, TX 77J.78.J81)1) 
Tel. 281.263.3439 
Fax. 281.263.2118 

A Member of The IT Croup 

Please find enclosed one set of air flowrate caluclations prepared by the Pilot Test 
Engineer for the annubar sensors used during the 1998 TCE Investigation. The 
manufacturer no longer carries the sliding scale that was used on site. They have provided 
software, which is provided with this package. 

Should you have any questions, please don't hesitate to contact me at (281) 263-4156. 

Sincerely, ... 

;;tr:U:&: 
Mike Isley, PE ~ ... 
Environmental Engineev-' 

cc: Project File 

F-J; 
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Pipe Sile, schedule or pipe ms1de diameter (0), wall 

Tag number 

Fluid name 

Max1mum p1p1ng design pressure 

Max1mum p1pmg design temperature 

hw = (-P1f ) (-~lbc.cm,_lh:-:-r~- )2 
358.94 K D2 

( ) ( 
GPM 

2 

hw = Gt 5 666 K D2 ) 

Gas (standard volumetric flow) 

hw = ( Tp,Gt ) (------"'S""-C-'-FH,_,___,,_--- )2 
1.711 K o2 

Gas (actual volume rate of flow) 

ACFH 
358 94 K 0 2 

K= flow coeffiCient 
D = 1nternal p1pe d1ameter 

inches 
lb,..,/hr =pounds mass per hour 

GPM =US gallons per mrnute 
ACFH =Actual cubiC feet pe 

hour 
SCFH =Standard cubiC leet per 

hour (at 14 73 ps1a and 
M"~ K 

p
1 
= flowmg dens1ty. lb~lft' lor f--===:.:._-+_.::...;:.;_+:...;;=+='--1 

gas 

P, X 520 X 076487 X G 
14 73 r, 4" sch40 

36" SCI"I S10 
42" sen stel 
48"-
60'
n·-

12 000 
13 250 
15 250 
17 250 
19 250 
23 250 
29 250 
3$ 250 
41 250 
48 00 
60 00 
72 00 

304 80 
336 55 
387 35 
'38 15 
488 95 
590 55 
742 95 
895 35 
1047 75 

1?19 20 
152-4 0 

1828 80 

076487 tb lft3 = a~r s· ><h 40 
dens1ty at l4 73 ps1a and 1-----~-...L."""""'""""'"'"="--..L..--+--::c-=--:--...;.,,---,r.:---i 
60"F 

Gr = spec111c grav1ty of liQUid 

G = spec1lrc g1av11y of gas 
(molecular we1ght of 
air= 28 9644) 

T, =temperature of llow,ng 
gas 1n degrees Ftankrne 
("R= "F + 460) 

Pr = I lowing pressure. psra 

6" $Lh 40 
a· sc:h 40 7 981 

to· sch 40 10 020 
12· sen stc:l 12 000 
14" SC~"~ Sid 13 250 

t6" sen sld 15 250 
15• SCh Sid 11 250 
20· sel"'' sta 19 250 

24 • SCh Sid n 250 
:)Q" $LI"l 'Sid 29 250 
36" S!;ll 5ICI 35 250 
42" SCh Sid 41 250 

36" sell sttl 
42" sc:h stcJ 41 250 

48"- 48 00 1219 20 
254 51 6250 60"- 60 00 1524 0 
304 BO 6298 72"- 72 00 1828 80 
336 55 6321 

387 35 6349 
.438 15 6370 
488 95 6387 

590 55 
742 95 
895 35 
1047 7 
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Section 1 
nglish units 

Gas: 

Volume rate of flow 
(Standard conditions) 

, ~~ts',:,' ,.- An"ubar :,Intern~ I 
~IJet~IQil ~-'fl<at , G. ·~·' Plpoa ;,.,. Pete of 

Flow factor ., Coefficient Ol-t<l!r. "-

338.17 (In) 

8116.1 (In) 

~tion5003 
~-~ c hP ---

T 

Volume ra 
(Standard 

te of flow 
conditions) 

{ .. :;, ~·<. 
Aat<~"'C.t ~wrslori:' , f --

,_!).It'>'''' ~ 

Fl~ :facto!"' -~- Coefflc., t 
' ,~ ' 

This equation, used for gases, compensates the standard 
ever there is a significant change in line pressure. 

volume flow when- • 

't,i;nubar 
E>ip~slon 

f4ctor 

·· PreS5UI"'e T~rBture 
Sese . ·:· ~ Base 

FectOI"' ·~~- ·. -Factor 

Mnubor flow Coratent C1 

" " ' y-A )(_ " - f pb ' ~ f tb )( 

Fl'""lng 
T.-pareture 

Factor 

Spec If lc 
G,.-avlty 
Factor 

f X 
g 

SuJHOr
eomp,.ess. 

Factor 

f 'X pv 

Th•r•l 
Expansion 

factor 

~T FlOWING 
COIIliTIONS 

TrsriS..Itt•r lnPI't 

II ~-~0 I-~·~· -
·r:;.:p~u.- 'J 

This equation, used for gases, compensates the standard volume 
ever there is a significant change in line pressure and temper . 

,,.-

,/' 

/ 
/--

/ 
-~ 

' / 

/ 
,-

~T FLOWING 
COIIll Tl ON S 

;:,jptoornat ' Rooynolds,, llllnubar ;·:- Pr-essur•.; Te~r-~ature ·Specific SJper .. l!>erlllilll Tron-lttar _I•PIIt 
',_ l'lp• -:·: ··-ber'·· Expat'ls1an a .... Sese Gravity Cofrll)ress. EXp.anslon 

h ~ ~/:)· 68"f .'ot-ter· Foetor<.' factor ' FactCf"' ---"•<:tor F•ctQf"' Fector fector 

~ Anno~r flow Constant C1 T "! • .::.~~k~ne;'; 
. ' 

• 
'.:O· . \ .- ;- <- -,~. ·ff . :,Q$ ,fNA ,;'.~-~ K; X,''~,'' X FRA X y" " 'F " rtb X f " Fpv " FAA " ' c 

\''' pb '''" ·, ' ' > " g 

SCf'M 126.52 II"}:!!'--. 

SCfli 7111 •• (lnl2 

""' .SCFD 185070 (In) "'-, 

/ 
/ 

' This ''""~~" tho 
mass rate of flow of gas ·whenever there 

/ is a significant cha e in line pressure and temperature. 
' 

~T FlOWING 
COI(J IT ION5 

/ Units AIU!Iubor tnt•rn&l Re~ Annubor Ttler-MI Tr-enst~l'ttar fnp~1' Vrt• of 
ConYer"BIOfl -,..,.. , · Pipe · Mu,.be E)tpenslon Expens ton Sp""lf lc h • "H2o 1 68'F 

hP Feetor- Co•Hicl•nt :bl-t•r factor Factor Factor Gre•lty . .,.. 
~ 

P • PSIA 

T ~/ 
Anhuber"" F I ow Con~tant C • T • •~tanklne 

,,;., 

o2 y~, IG ""' ~~ // 
'W .. _ 

FNA X K " " FR~ • r,.,. " " of flow 

,/ lb.Air 589.70 II n 12 1"'--
/ 

lb.,l••· 9,828) (I nl -" lb.,ls.e .16380 (I nl2 "-.., 

Gas: 

Mass rate 

• 



FLOW Cales 

Air Flow Calculations 
Crab Orchard NWR 
FDGTI data and calculation assumptions used throughout 

Dietrich Annubar Sensor 10 

Differential pressure Int. pipe Annubar Transmitter Rate of Test 
Area 

Test 
Type p., in H20 psia diameter expansion factor input Flow 

h P D2 Ya hP*e-2 Q, SCFM 
1/2" SCH 40 model (air sparge) 
AS Test :: ./!?:' ·'' .::::::· .::· 

2.3 30 0.25 
0.5 21 0.25 
0.2 10 0.25 
0.5 10 0.25 
2.5 30 0.25 
0.2 15 0.25 

Differential 
p., in H20 

h 

vacuum 
in H20 

p 

Int. pipe 
diameter 

D2 

0.994875 
0.998886 
0.999554 
o:998886 
0.994429 
0.999554 

Annubar 
expansion fac 

Ya 
1 1 /2" SCH 40 model (soil vapor extraction) 
rmPe r~$l ,.: .. .t:=i'. .. 

0.2 213 2.25 
0.5 210 2.25 
0.5 130 2.25 
0.2 240 2.25 
0.8 227 2.25 
0.8 235 2.25 
0.5 170 2.25 
0.2 188 2.25 

sve 1:&$t.:,( . . .... .. 
0.2 
0.1 
0.8 
0.2 

0 
0.1 

278 
271 
201 
110 
165 
177 

2.25 
2.25 
2.25 
2.25 
2.25 
2.25 

:·: 
0.998905 
0.997262 
0.997262 
0.998905 
0.995620 
0.995620 
0.997262 
0.998905 

0.998905 
0.999452 
0.995620 
0.998905 
1.000000 
0.999452 

Page 1 

8.306624 
3.240370 
1.414214 
2.236068 
8.660254 
1.732051 

{. ~ . ~ . ~=·:::..~·:::· 
4.7 1-1-23 
1.8 1-1-23 
0.8 1-1-2 
1.3 1-1-2 
4.9 REPOS 
1.0 REPOS 

AS 
AS 
AS 
AS 
AS 
AS 

Transmitter Rate of Test 
Area input Flow 

hP*e-2 Q, SCFM 

1.239900 
1.946599 
1.531576 
1.316141 
2.559998 
2.604718 
1.751424 
1.164865 

.. :=·=. .. 

1.416508 
0.988932 
2.408933 
0.891032 
0.000000 
0.799224 

··: 

9.4 
14.8 
11.6 
10.0 
19.4 
19.8 
13.3 

8.9 

10.8 
7.5 

18.3 
6.8 
0.0 
6.1 

::·:·:: ........ . 
1-1-23 DPE 
1-1-23 DPE 
1-1-23 DPE 

REPOS OPE 
REPOS DPE 
REPOS OPE 

1-1-2 OPE 
1-1-2 OPE 

:=:····. ·· .... ;::::... , ... 
... .. ··.· 

1-1-23 SVE 
1-1-23 SVE 

REPOS SVE 
REPOS SVE 

1-1-2 SVE 
1-1-2 SVE 

• 

• 

• 
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MASS Cales 

SVE and OPE Pilot Test- VOC Recovery Rate Calculations- Air 
r-::---·- - . ---- ---- ··---·- ------, -·--
Crab Orchard NWR 

':::. -----·-·- . -----
FOGTI data use~ throu~hout __ _ 

----

Test ·--T-y-pe of Rate o-f-- Total VOCs. -

Area 
------ ---·-·- ! 

Pilot Test Flow concentration, 
VOC Recovery 

Rate -r-------·--· -------- -··------·-· -- --------·-
Q, SCFM 1 ppbv 

OPE 1386 14.8 i 
-·----:---:---=-=:-:-- -~-~ ·- ---+--

1-1-23* OPE 14.8 
1-1-23 

1414 
------·- ----·-·-·-· 

293 

lb. VOCs/hour 

0.0004 
0.0004 
0.0001 f-- REPOS I OPE I ~ 

r----------r~1-2 ---- OPE ___ - -13.3 
- __ ____,_ __ ~- - ----~ 

! 0.0001 222 
·- ------ I -- -~-

1-1-2* ! OPE I 13.3 120222 0.0326 

I 
0.0022 I 

c-- ~~~~s~ ;~~-----+-~ --~-~:! -- ·+i--_-\_-o:_11_7o _____ _ 
-- -----

! 0.0005 
------·-- -· 

_ _j 0.00002 
----- ·- -· 

0.00112 
1----1-_1-2 _ 1 s~_l __ s_.1___ -'-__ 160 __ ~ 

1-1-2* r-SVE __ · -- ~-- I ____ 9_0~0 --------r---
-- --- [_______ ______[______ -------- ------ ------·-

.includes 1, 1,2-TC-1,2,2-TFA (Freon 113) concentrations in the total VOC figure r- -· ---;- ·---· - 1 - .. -- J. ---~- ---

1-=-::-- --~' - - : ·- . ---- : ·----
OPE Pilot Test- VOC Recovery Rate Calculations -Groundwater 
~- ___ .. -----. ---- . ---·· 
FOGTI data_~t_hro_ughout i' _____ _ 

1 
______ __ 

I ! I 
!---- ~-- ---·- ~ - I ---- : --~~---- -----

---+-- ----- I --- ·· i 1 
Test 1 Type of 1 Rate of , Total VOCs I 

r---- Are_a __ i · Pilot Test ~- _ Flow _ 1! concentration;_\_ 
! ---- i Q, GPM ; ug/L i 

voc Recovery 
Rate 

------·· 
lb. VOCs/hour 

6.0 I 2330 I 0.007 _I-~-23 _ _L- OP_§__ I 

REPOS OPE 
1 

-+---·- ----+ 

1-1-2 I OPE I 

~_.9 __ -1=--?-~3~=1- --~-9-_.:_Q_0_-3 _____ --·-· 
6.0 ! 330 ! 0.001 

H:\ data \projects\ 4781 \ptlottest\ CONWRFLO_Rl.xls Page 1 



COMPUTATION SHEET 

744 Heartland Trail PO Box 8923 Madison, W/53708·8923 

SHEET ___:_____ __ OF . 2 
(608) 831·4444 FAX' (608) 831-3334 VOICE (608) 831-11(89 • PROJECT/PROPOSALNAME 

coA/WR 

• 
r 

.;.,/VIPL 'r:=-v Fo !( l(efl£T! rtv£- cAt-es'~ ~ 
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COMPUTATION SHEET 

• SHEET __ --=::2=------..__ OF __ 

744 Heartland Trail PO Box 8923 Mad1son, WI 53708-8923 (608) 831-4444 FAX (608) 831-3334 VOICE (608) 831-1989 

PROJECT/PROPOSALNAME 

CoN VIII\. 

____ W&i[.?_Ji _____ ___ _ 

:Z 3 '3 o MJ / '- ' V 6 Cs 
; ' 

: , r , 

Z:~2_CL~x"- L~ "' x _J lb -x-2·1a~ ¥----~J.L~---~~--
~ ' -fob~- ~fj- I_~ : ~- hY" 

- -
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r 11 



• 

• 

• 
RMT, Inc. 

Appendix G 
Model Output from Remedial 

Alternatives Simulations 

I I IVT'M>NI PI fl 00-04181 I 03 I R000478103-004.DOC 01/13/00 

Crab Orchard Natwnal Wildlife Refuge 
Remszon 1, januan; 2000 



• Model Run Crab210 - Monitored Natural Attenuation 

• 

• 

Model Input: Calibrated transport model groundwater concentrations 

Model Output: Concentrations over 20-year period starting in 1999 

No active remediation 

The purpose of this run is to evaluate how concentrations of TCE in the groundwater would 

change over a 20-year period due to natural attenuation in the groundwater system . 

RMT, Inc. 
1·\tVPMSN\ P/T\00·04781 \03\R000478103-004 CJOC 01(13/00 

Crab Orchard National Wildlife Refuge 
Hn,zszon 1, JanuanJ 2000 
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• 

• 

~.-----------------~~~~------------~~~~------------------~----------~----------------~ 
(J") ... 
0 

8 
('l 
Ol 

lf1 ... 
N 

RMT 

INTERM IT TEN 
Sl ~~EAM 

P roject.: CR AB Ol{C llARD C r a b 2 1 0 
D escription: NAturul A LLenu at i o n 2 0 y r 
M o d e lle r : GK C o n to~ T C J£. ppb 
10 May 99 

Vis ual MODFT.OW v.2.7 .2 . ( <.; ) 100 5 - 1 0 97 
Wate rloo H y d t·o e e o loelc , Tn e . 
N C : 00 N R : 1 04 NL~ 5 

C urrc nl Layer : 2 

Monitored Nattual Attenuation, 
Building I-1-2 Plume, Upper Sand, 20 years Future 

&J 
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• 

• 

rmt 

Proje c t : CRAB ORC UAHD C r a.b210 
D escr i p t . ton: Nat.\_-U"C~l ALLu nuat.io n 2 0yr 
Modelle~': GK Contc.>ur::i TCE , p p b 
Z O Sap 99 

Vi.f:IL'"O.l MODl•'LOW v.2.7.2 , ( C ) 1 995 - 1997 
We.tu r loo Hydro g eologi c, Inc. 
NC: 9 0 NH: 104 N L: 5 
C1 U' t'CnL Luyu r: 2 

Monitored Natural Attenuation, 
Site 32/33, Upper Sand, 20 years Future 



• Model Run Crab211 - Phytoremediation 

• 

• 

Model Input: Calibrated transport model groundwater concentrations 

Model Output: Concentrations over 20-year period after start of this remedial alternative 

Remediate groundwater by uptake by hybrid poplar trees in source areas and downgradient 
groundwater discharge zones 

The purpose of this run is to evaluate how concentrations of TCE in the groundwater would 

change over a 20-year period due to phytoremediation . 

RMT, Inc. 
I. \WPMSN\PJT\00-04781 \03\R000478103-004 DO< Ul/13/00 

Crab Orchard Natwnal Wildlife Refuge 
Remsion 1, january 2000 

G--5 
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7000 9000 ~nnn l DDDD 

rmt 
ProjecL; C RAB ORCHAr~D C rub:Zll 
Dc!:!!cz·ipLion; PhyLorcnu.•diuLion. ~0 vr:s 
Modcllcr. CK Cou.lour:::> T C I!:, ppb 
2 ts ::Sop at~ 

Visual MODFLOW v.<!. 7.Z , ( C ) 1BV5 - 1 097 
Wate rloo Hydro geologi c , l n c. 
NC; go NR; 104 ~L: 3 

CurrenL Lu.ycr. Z 

Phytoremediation, 
Site 32/33, Upper Sand, 20 years Fuhu e 

111 16 



• 

• 

• 

g 
• N 

"' " 
~020 

r mt 
Projec t : C R A B Ol~CllARD Crab 2 1 1 
Descrip tion: P h y l.oreme diation 2 0 Yt"ts 
Modeller: G K Conlour.::J TCE, p pb 

2 0 S e p 9 9 

EAS 

~Otltl 9 289 

Vis ual M O DFLOW v .2 .7.<:! , ( C ) 1005- 1 097 
Wate r loo H ydro,ge o l o,g1c , In c . 
NC: 90 N R : 1 0'1 NI; 0 
C urrent lay er: 2 

Phytoremediation, 
I-1-23/Rcpository Areas, Upper Sand, 20 years Future 
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I 
5 0 73 

t-rnt. 

}
] 

I 

l NTEH> M! TTF" 
STREI'I r1 

GSOO 
I 

7 000 

Project: CRAB ORC H A R D C t ·ob2ll 
Descript ion: Phytore n "ledia tion 20 y r ·::; 
Mode lle r : GK ContolH'S TCF.. pph 

28 Sep 99 

Vis ual MODFLOW v .2 .7.2, (C) 1995- 1997 
Waterloo H y droge olo g i c, Inc . 
NC; 00 NR; 104 N L; 5 

C u r r e u.l Lu.y•..:r. ~ 

Phytoremedialion, 
I-1-2 Area, Upper Sand, 20 years Fulu re 



• Model Run Crab212bd -.Enhanced Bioremediation 

• 

• 

Model Input: Calibrated transport model groundwater concentrations 

Model Output: Concentrations over 20-year period after start of this remedial alternative 

Remediate groundwater by enhanced biodegradation in the source areas. Include 

phytoremediation in the downgradient groundwater discharge zones. 

The purpose of this run is to evaluate how concentrations of TCE in the groundwater would 

change over a 20-year period due to enhanced bioremediation . 

RMT, Inc. 
1:\lVI'MSN\P/T\00-047Sl \Ol\ 1(000478103-004 DOC DI/13Jll0 

Crab Orchard Natzonal Wildlife Refuge 
Revision 1, January 2000 b_cl 



• 

• 

• 

rmt 
Proje ct: CRAB ORCHARD Crab2 l2brt 
Descripti on: Enhanced Biode grad. 2 0 yr 

Mode ller: GK Contours TCE, ppb 

7 May 99 

Vi ::J u ul MODl•'LOW v.~.7.:.:, (C) 1005 - 1007 
Wo.t e .t' loo lly <U·o g col ogic , lnc . 
NC: 90 NR: 104 NL; r:> 
Cu rrent Lo.y r..,t·; l. 

Enhanced Biodegradation, 
Site 32/33, Upper Sand, 20 years Future 

G ID 
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(') 
(") 
0 

:r·ru t 

CD 
't 
r-f 

N 

~ 

P roj e c t : C HAD ORCHARD C rab2 1 2 bd 

ne!;lcrlptivu: l.:.:nha.n.c a d Bio d e g . 2 0 Y1"' 

M o d e lle :r·: G JL< Con tourl!3 in. ppb TCE 
~ MBy QQ 

RAlJ OR CHA RD 
LAKE 

EAS I SW()LE 

Vis ual MODFLOW v.2.7 .2 , ( C:) 1 9»0 - 1007 
Wat-e r l o o H y droge o l oR1c , Tnc . 
NC: 9 0 NR: 104 NL: ~ 

C urre n t Laye r : Z 

Enhanced Biodegradation, 
I-1-23/Repository Areas, Upper Sand, 20 years Future 

G· ll 
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l ' TT1t. 

)
] 

I 

INTERMl TTFN 
STREAM 

I 

6 5 00 

P rojP.ct.: C.:RAR ORCHARD <.;ro_~b:.:!l~bd 

DP.g~rlpt.ton: Enhanced. Biodugrud . ZO yr 
ModP-lle r--: GK C ontours '1'<.;~. ppb 
7' MAy QQ 

Vt!'luAI MODFLOW v.2.7.:.:!, ( <.;) 100 5 - 100 7 

Wa t e rloo HydrogP.ologto. Inc. 
K C: 90 NR: t 0-1 NL: ~ 
C urre n t I~yP.r: 1 

Enhanced Biodegradation, 
I-1-2 Area, Upper Sand, 20 years Future 

( ;, I/.., 



• Model Run Crab213a - Multi-Phase Extraction 

• 

• 

Model Input: Calibrated transport model groundwater concentrations 

Model Output: Concentrations over 20-year period after start of this remedial alternative 

Remediate groundwater by multi-phase extraction (of groundwater and soil vapor) in the 

source areas. Include phytoremediation in the downgradient groundwater discharge zones. 

The purpose of this run is to evaluate how concentrations of TCE in the groundwater would 
change over a 20-year period due to multi-phase extraction . 

RMT, Inc. 
I \~WMSN\P/T\OD-04781\03\R000478!0.l-004 DOC 01(13/00 

Crab Orchard Natzonal Wildlife Refuge 
Revision 1, January 2000 

{;- 13 
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rmL 

P rojc.:ct; C HAR ORCHARD 
Vi:sUL~l MOI>f'l.OW v .2.7.2, ( C) 1 905- 1007 
Wul..c.:rlno Hydroe e o l o gic, Inc. 

I>c.:::script1o n: Mul t.i - Phas e Extract, 2 yr N G; 90 NR! 104 N L: 5 
Mode lle r: GK Contours TCE, ppb Current . Laye r ! 2 
28 Sop 99 

Multi-Phase Extraction, 
Site 32/33, Upper San d, 20 years Future 
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• 

Ol 
0 
ro 
(") 

.. 
0 

rmt 
Proj ect : C RAR ORC RA.l."'D 

E:AS T SWAl C 

V k!uul MODl•' LOW v .2 .7 .Z, ( C ) 199~-1997 

WuLurloo Hydroge ologic , Inc. 

0531 

Descri pti o n : Mult.i-Ph.u~u E xtract, Z y r Nc;: eo NR; 104 N L: 5 

Mode ller: G K Contour ·::! T C E, ppb ~'lrrcnt Luyur: 2 
ZB S e p 99 

Multi-Phase Extraction, for 2 years, 
l -1-23/Rcposilory Areas, Upper Sand, 20 years Future 

G· /S 
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• 

'() 

0 

I 

N 

[ NTf'" RM!'fi [ N 
STPU 1M 

~ ~----~----------~~------------~------------~------------~--------
6.253 ::>ooo 7500 

KMT 
P r o Je c t; CRAB ORCH ARD Crab21 ::\A 

0 f'!!'la t ·t p \.lon; Mulli- P h a ee Extrac t. , 2 yrA 

M odP. II P.l"': ('i t< C o ntours TCE. ppb 
10 M Ay 99 

AOOO 8-:lOO 

Visual MOD FLOW v .2 . 7'.2 . ( C ) I 995- 1 9 97 

Wa t e r l oo Hydrogeo lo g i c, I n c . 
N C; 90 N R ; 104 NL; 5 

C urren t Layer. Z 

Multi-Phase Extraction, for 2 years, 
I-1-2 Area, Upper Sand, 20 years Future 

G lfc; 
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§ ~----------------------------------------------------~------------------------, .. 
0 
0 
1!1 
M 

+ 

X -
+ 
0 -
0 -

R M T 
P r o _j .,-.c:t: C'HAU ORCHARD 

V i :sual MODFLOW v .2 .7.2 . ( C ) 1 905- 1007 

WuLt:rloo H y drogeoloP-:t n. Tnc . 

Df!AC'rlpt-ion: C ra.b2 1 3 Mult. t - P hu:so Extr. 
Mo d e llor: G J K 

N'C: 90 N R : 104- NT ~ ~ 

C urre nt I..aye~-: 2 
29 Apr 99 

Mtuti-Phasc Extraction, for 2 years, 
Concentration at Monitoring Wells, 
Upper Sand, in Future 

mw• 2 1 

rnw- 3 1 

.. 39 

~FDOl 

l l!:l 

;, 1"1 



• 

• 

• 

Model Run Crab216 - MITU 

Model Input: Calibrated transport model groundwater concentrations 

Model Output: Concentrations over 20-year period after start of this remedial alternative 

Remediatc soil in the source areas by mobile in-situ treatment unit (MITU). Include short-term 

dewatering of the source areas, and phytoremediation in the downgradient groundwater 
discharge zones. 

The purpose of this run is to evaluate how concentrations of TCE in the groundwater would 

change over a 20-year period due to treatment of the soil with the MITU . 

RMT Inc. Crab Orchard Natwnal Wildlife Refuge 
I.\ 1 VPA1SN\ I'll \00-04781\03\ iaNI0478103-004 DOl 01(13/1)0 Revzswn 1, january 2000 (;- / J 
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0 
0 
'0 
N .... 

:: 

0 
0 
N .... 

n 
[) 
U ) 
0 

rmt 
Project: C RA.l:J OHCHARD C rab2l A 
Des c ription: MlTU 20 yra 

Mode ller: G K (.;un loure T C E. ppb 
20 Sep QQ 

Visua l MOOF'LO W v.~.7.~. ( C) 1995 - 1997 

Wate rloo Hyd t'Og c ologic, ll::a.C. 
N C : 90 NR: 1 0 '1 N L ; 0 

C urrent Taye,.r: 2 

MITU, Site 32/33, 
Upper Sand, 20 years Future 
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rn N 
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\ 
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] 

I 

g 
"' 

.. , 
B 

'.:)690 60 

R M T 

Pro j e ct: CRAB ORC HARD Crub~16 

D escription: M ITU ~0 y r:s 
M o d e ller. GK C ont .cn ..rn ; T C I!:. ppb 

1 0 M ay QQ 

P(18 OPC Hf'1 RD 
LAKE 

V i s u a l M ODF LOW v .2 .7 .2. ( C ) J QQ~- J QQ7 

Wate r l oo H ydroe;eol os:ta . Tn c . 
N C: 90 NR: 1 O ' l- NL~ ~ 

C u rrent Laye~·: 2 

MITU, I-1-23/ Repository Areas, 
Upp~r San d, 20 years Future 

·~ 20 
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.. ~--------------------~~~------------~~~~------------------~~----------------------~ 
;;; 
0 

0 

~ N 

J N TER1'1fTTEN 
S T REAf"l 

6 232 6~00 ? 000 7500 6000 9500 9000 

R MT 
Proj e c t.: CRAR ORCU ARD C re.b2 1 A 

Descr ipt ion : M TTU 2 0 yr~ 

Modelle r : GK Con t o u n. T C E, pph 
.1 0 May 99 

ViAU A l MOD F LOW v .Z .7 .2 , (C) 199(")- 1997 

We.te r·l oo H y droge o l ogi c , I n c . 
N C: 90 NR: .10 4 N L; 5 

C urre n t, T ilY" r: ~ 

MITU, 1-1-2 Area, 
Upper Sand, 20 years Future 

9650 

f.~- ~ I 



• 

• 

• 

Prediction Run Flow Model Output 
Crab213a 

MODFLOW 

U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL 

Basic Package translator· (c) 1994 Waterloo Hydrogeologic Software 

CRAB213A.BAS Fri Apr 3a a9:55:151999 

5 LAYERS 1 a4 ROWS 9a COLUMNS 

9 STRESS PERIOD(S) IN SIMULATION 

MODEL TIME UNIT IS DAYS 

BASS- BASIC MODEL PACKAGE, VERSION 5, 1/1/95 INPUT READ FROM UNIT 1 

BCFS- BLOCK-CENTERED FLOW PACKAGE, VERSION 5, 9/1/93 INPUT READ FROM UNIT 11 

TRANSIENT SIMULATION 

CELL-BY-CELL FLOWS WILL BE SAVED ON UNIT 54 

WETIING CAPABILITY IS ACTIVE 
LAYER LAYER-TYPE CODE INTERBLOCK T 

2 

3 

4 

5 

3 a - HARMONIC 

3 

3 

3 

3 

a-HARMONIC 

a-HARMONIC 

a-HARMONIC 

a--HARMONIC 

WEL5- WELL PACKAGE, VERSION 5, 9/1/93 INPUT READ FROM UNIT 12 

MAXIMUM OF 1a6 WELLS 

DRNS ··DRAIN PACKAGE, VERSION 5, 9/1/931NPUT READ FROM UNIT 13 

MAXIMUM OF 858 DRAINS 

RIVS- RIVER PACKAGE, VERSION 5, 9/1/93 INPUT READ FROM UNIT 14 

MAXIMUM OF 699 RIVER REACHES 

RCH5- RECHARGE PACKAGE, VERSION 5, 6/1/951NPUT READ FROM UNIT 18 

OPTION 3- RECHARGE TO HIGHEST ACTIVE NODE IN EACH VERTICAL COLUMN 

aWHS1 • CGSTAB-P PROCEDURE SOLUTION PACKAGE, VERSION 1, 8/4/951NPUT READ FROM UNIT 31 

MAXIMUM OF 5aOUTER ITERATIONS ALLOWED FOR CLOSURE 

STRESS PERIOD NO. 1, LENGTH= 1.aaaaaa 

G- zz 



INITIAL TIME STEP SIZE = 0.3852275E..Q1 

36WELLS • LAYER ROW COL STRESS RATE WELL NO. 

27 36 -3.8503 

64 63 -19.251 2 

18 50 -9.6257 3 

27 39 -3.8503 4 

27 41 -3.8503 5 

28 40 -3.8503 6 

29 41 -3.8503 7 

30 40 -3.8503 8 

31 41 -3.8503 9 

32 40 -3.8503 10 

33 41 -3.8503 11 

34 40 -3.8503 12 

36 41 -3.8503 13 

36 39 -3.8503 14 • 34 38 -3.8503 15 

32 38 -3.8503 16 

30 38 -3.8503 17 

28 38 -3.8503 18 

29 36 -3.8503 19 

31 36 -3.8503 20 

33 36 -3.8503 21 

36 36 -3.8503 22 

18 51 -9.6257 23 

18 52 -9.6257 24 

18 53 -9.6257 25 

19 53 -9.6257 26 

20 53 -9.6257 27 

20 52 -9.6257 28 

19 52 -9.6257 29 

19 51 -9.6257 30 

20 51 -9.6257 31 • 
2.o~ 1 
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20 50 -9.6257 32 

19 50 -9.6257 33 

64 64 -19.251 34 

65 64 -19.251 35 

65 63 -19.251 36 

0 MAXIMUM INNER ITERATIONS ALLOWED= 25 

DAMPING FACTOR= 1.0000 

HEAD CHANGE CRITERION FOR CLOSURE= 0.10000E-01 

MAXIMUM RESIDUAL FOR LINEAR ITERATION 0.10000E-02 

MAXIMUM RELATIVE RESIDUAL FOR LINEAR ITERATION O.OOOOOE+OO 

Outer iteration 2 Inner iteration 1 Max. residual -1.713E-08 

SOLUTION BY CGSTAB-P 

0 MAXIMUM ITERATIONS ALLOWED FOR CLOSURE= 50 

0 MAXIMUM INNER ITERATIONS ALLOWED= 25 

DAMPING FACTOR= 1.0000 

HEAD CHANGE CRITERION FOR CLOSURE= 0.10000E-01 

MAXIMUM RESIDUAL FOR LINEAR ITERATION 0.10000E-02 

MAXIMUM RELATIVE RESIDUAL FOR LINEAR ITERATION O.OOOOOE+OO 

Outer iteration 1 Inner iteration 1 Max. residual 2.143E-01 

Outer iteration 1 Inner iteration 2 Max. residual 4.242E-05 

HEADS AND FLOW TERMS SAVED ON UNIT 75 FOR USE BY MT3D TRANSPORT MODEL 

CALIBRATION PACKAGE OUTPUT 

CALIBRATION OUTPUT POINTS 

-----
40 37 0.414410E+03 0.229492E-01 

32 37 0.414265E+03 0.128174E-02 

29 37 0.413961E+03 -0.305176E-04 

40 52 0.416328E+03 -0.305176E-04 

2 40 59 0.416223E+03 -0.305176E-04 

2 42 37 0.412446E+03 0.227509E+OO 

2 37 37 0.412795E+03 0.253906E+OO 

2 32 37 0.413699E+03 0.428162E-01 

(~. -2-~ 



0 

0 

0 

2 

2 

2 

29 

39 

40 

37 

52 

59 

0.413499E+03 

0.415875E+03 

0.416223E+03 

0.305176E-Q4 

O.OOOOOOE+OO 

-0.305176E-04 

SOLUTION BY CGSTAB-P 

MAXIMUM ITERATIONS ALLOWED FOR CLOSURE = 50 

MAXIMUM INNER ITERATIONS ALLOWED= 25 

DAMPING FACTOR = 1.0000 

HEAD CHANGE CRITERION FOR CLOSURE= 0.10000E-01 

MAXIMUM RESIDUAL FOR LINEAR ITERATION 0.10000E-02 

MAXIMUM RELATIVE RESIDUAL FOR LINEAR ITERATION O.OOOOOE+OO 

Outer iteration 1 Inner iteration 1 Max. residual 2.567E+OO 

Outer iteration 1 Inner iteration 2 Max. residual 8.049E-03 

Outer iteration 

0 

0 

0 

1 Inner iteration 3 Max. residual 4.703E-05 

SOLUTION BY CGSTAB-P 

MAXIMUM ITERATIONS ALLOWED FOR CLOSURE= 50 

MAXIMUM INNER ITERATIONS ALLOWED= 25 

DAMPING FACTOR= 1.0000 

HEAD CHANGE CRITERION FOR CLOSURE= 0.10000E-01 

MAXIMUM RESIDUAL FOR LINEAR ITERATION 0.10000E-02 

MAXIMUM RELATIVE RESIDUAL FOR LINEAR ITERATION O.OOOOOE+OO 

Outer iteration 2 Inner iteration 1 Max. residual -2.352E-04 

HEAD/DRAWDOWN PRINTOUT FLAG= 1 TOTAL BUDGET PRINTOUT FLAG : 1 

CELL-BY-CELL FLOW TERM FLAG= 1 

OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME: 

HEAD DRAWDOWN HEAD DRAWOOWN 

4o~r 
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PRINTOUT PRINTOUT SAVE SAVE 

0 0 

UBUDSV SAVING" STORAGE" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING" CONSTANT HEAD" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING "FLOW RIGHT FACE" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING "FLOW FRONT FACE" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING "FLOW LOWER FACE" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING" 

UBUDSV SAVING" 

WELLS" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

DRAINS" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING" RIVER LEAKAGE" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

UBUDSV SAVING" RECHARGE" ON UNIT 54 AT TIME STEP 10, STRESS PERIOD 1 

HEADS AND FLOW TERMS SAVED ON UNIT 75 FOR USE BY MT3D TRANSPORT MODEL 

CALIBRATION PACKAGE OUTPUT 

CALIBRATION OUTPUT POINTS 

----
40 37 0.414379E+03 0.310059E-01 

32 37 0.414263E+03 0.238037E-02 

29 37 0.413961E+03 O.OOOOOOE+OO 

40 52 0.416328E+03 -0.61 0352E-04 

2 40 59 0.416223E+03 O.OOOOOOE+OO 

2 42 37 0.412197E+03 0.249023E+OO 

2 37 37 0.412513E+03 0.282837E+OO 

2 32 37 0.413639E+03 0.602722E-01 

2 29 37 0.413499E+03 0.610352E-04 

2 39 52 0.415875E+03 0.305176E-04 

2 40 59 0.416223E+03 O.OOOOOOE+OO 

HEAD WILL BE SAVED ON UNIT 50 AT END OF TIME STEP 10, STRESS PERIOD 1 

DRAWDOWN WILL BE SAVED ON UNIT 51 AT END OF TIME STEP 10, STRESS PERIOD 1 

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD 1 



CUMULATIVE VOLUMES L•*3 RATES FOR THIS TIME STEP L**3/T 

• IN: IN: 

STORAGE= 45764.6836 STORAGE= 41311.1055 

CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000 

WELLS= 0.0000 WELLS= 0.0000 

DRAINS= 0.0000 DRAINS= 0.0000 

RIVER LEAKAGE = 4.2033 RIVER LEAKAGE = 4.1988 

RECHARGE= 128011.3984 RECHARGE= 128011.3906 

TOTAL IN = 173780.2812 TOTAL IN= 169326.6875 

OUT: OUT: 

STORAGE= 2935.9463 STORAGE= 1446.6443 

CONSTANT HEAD= 29361.6328 CONSTANT HEAD= 29361.5801 

WELLS= 269.5184 WELLS= 269.5184 • DRAINS = 75600.9922 DRAINS= 72630.4141 

RIVER LEAKAGE= 65677.0391 RIVER LEAKAGE= 65677.3125 

RECHARGE = 0.0000 RECHARGE ::: 0.0000 

TOTAL OUT "' 173845.1250 TOTAL OUT:: 169385.4688 

IN- OUT= -64.8438 IN-OUT= -58.7812 

PERCENT DISCREPANCY ::: -0.04 PERCENT DISCREPANCY = -0.03 

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD 9 

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3fT 

• 
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IN: IN: 

STORAGE:: 12882461.0000 STORAGE= 21.2248 

CONSTANT HEAD= 0.0000 CONSTANT HEAD = 0.0000 

WELLS= 238911.1250 WELLS = 38.5030 

DRAINS = 0.0000 DRAINS :: 0.0000 

RIVER LEAKAGE = 30350.6875 RIVER LEAKAGE = 4.1571 

RECHARGE = 934483200.0000 RECHARGE= 128011.3906 

TOTAL IN= 947634944.0000 TOTAL IN= 128075.2734 

OUT: OUT: 

STORAGE:: 10661528.0000 STORAGE= 104.2827 

CONSTANT HEAD= 207751248.0000 CONSTANT HEAD= 28496.5527 

WELLS= 16843222.0000 WELLS= 2675.9565 

DRAINS= 31298.2402 DRAINS = 236637392.0000 

RIVER LEAKAGE= 475741856.0000 RIVER LEAKAGE = 65500.3516 

RECHARGE = 0.0000 RECHARGE = 0.0000 

TOTAL OUT= 947635200.0000 TOTAL OUT= 128075.3828 

IN - OUT = -256.0000 IN- OUT= -0.1094 

PERCENT DISCREPANCY = 0.00 PERCENT DISCREPANCY = 0.00 

TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD 9 

SECONDS MINUTES HOURS DAYS YEARS 

TIME STEP LENGTH 1.25368E+07 2.08946E+05 3482.4 145.10 0.39727 

STRESS PERIOD TIME 6.30720E+07 1.05120E+06 17520. 730.00 1.9986 

TOTAL TIME 6.30720E+08 1.05120E+07 1.75200E+05 7300.0 19.986 

I o~ l 
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Prediction Run Transport Model Output 
Crab213a 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

+ + 

+ MT3D'96 + 

+ A Modular Three-Dimensional Transport Model + 

+ For Simulation of Advection, Dispersion and Chemical Reactions + 

+ of Contaminants in Groundwater Systems + 

+ + 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

I M T I MT3D dataset 

I 3 D I Translated by Visual MODFLOW 

THE TRANSPORT MODEL CONSISTS OF 5 LA YER(S) 104 ROW(S) 90 COLUMN(S) 

NUMBER OF STRESS PERIOD(S) IN SIMULATION= 9 

UNIT FOR TIME IS day; UNIT FOR LENGTH IS ft K; UNIT FOR MASS IS g 

MAJOR TRANSPORT COMPONENTS TO BE SIMULATED: 

1 ADVECTION 

2 DISPERSION 

3 SINK AND SOURCE MIXING 

4 CHEMICAL REACTIONS (DECAY AND/OR SORPTION) 

EFFECTIVE POROSITY = 0.2500000 FOR LAYER 1 

EFFECTIVE POROSITY = 0.2500000 FOR LAYER 2 

EFFECTIVE POROSITY = 0.2500000 FOR LAYER 3 

EFFECTIVE POROSITY = 0.2500000 FOR LAYER 4 

EFFECTIVE POROSITY = 0.2500000 FOR LAYER 5 

=----·----=-==============:::::::======---------
TIME STEP NO. 007 

=================:========================--=---

FROM TIME = 6849.2 TO 6933.2 

::::==========-----·-================:===::::::: 



TIME STEP NO. 010 

=--===========:====:======:::===========··====== 

FROM TIME= 7154.9 TO 7300.0 

"THKSAT "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON 
UNIT 10 

"QXX "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

"QYY "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

"QZZ "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

"STO "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

MAXIMUM STEPSIZE DURING WHICH ANY PARTICLE CANNOT MOVE MORE THAN ONE CELL 

= 10.62 (WHEN MIN. R.F.=1) AT K= 2, I= 36, J= 67 

MAXIMUM STEPSIZE WHICH MEETS STABILITY CRITERION OF THE ADVECTION TERM 

(FOR PURE FINITE-DIFFERENCE OPTION, MIXELM=O) 

= 9.048 (WHEN MIN. R.F.=1) AT K: 2,1: 35, J: 67 

"CNH "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

• 

• 

• 
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"WEL "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

"DRN "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON U~IT 
10 

"RCH "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

"RIV "FLOW TERMS FOR TIME STEP 10, STRESS PERIOD 9 READ UNFORMATTED ON UNIT 
10 

TOTAL NUMBER OF POINT SOURCES/SINKS PRESENT IN THE FLOW MODEL== 1415 

MAXIMUM STEPSIZE WHICH MEETS STABILITY CRITERION OF THE SINK & SOURCE TERM 

== 93.42 (WHEN MIN. R.F.=1) AT K= 2, I== 18, J:: 67 

MAXIMUM STEP SIZE WHICH MEETS STABILITY CRITERION OF THE DISPERSION TERM 

= 0.7365 (WHEN MIN. R.F.==1) AT K= 2, I= 35, J= 67 

TRANSPORT STEP NO. 139 

TOTAL ELAPSED TIME SINCE BEGINNING OF SIMULATION= 7300.000 day 

TOTAL PARTICLES USED IN THE CURRENT STEP= 65105 

PARTICLES ADDED AT BEGINNING OF THE STEP= 64 

PARTICLES REMOVED AT END OF LAST STEP :: 113 



CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 139, TIME STEP 10, STRESS 
PERIOD 9 

IN OUT 

CONSTANT CONCENTRATION: 457.7350 -204.8549 

CONSTANT HEAD: O.OOOOOOOE+OO -32.49475 

WELLS: O.OOOOOOOE+OO -43.17962 

DRAINS: O.OOOOOOOE+OO -702.6573 

RIVERS: O.OOOOOOOE+OO -12.97746 

RECHARGE: O.OOOOOOOE+OO O.OOOOOOOE+OO 

DECAY OR BIODEGRADATION: 0.3478015E-06 -783.6318 

MASS STORAGE (SOLUTE): 2860.169 -1918.440 

MASS STORAGE (SORBED): 1134.509 -793.3218 

[rOTAL]: 4452.413 g -4491.558 g 

NET (IN -OUT): -39.14502 

DISCREPANCY (PERCENT): -0.8753387 

TRANSPORT STEP NO. 140 

TOTAL ELAPSED TIME SINCE BEGINNING OF SIMULATION= 7300.001 day 

TOTAL PARTICLES USED IN THE CURRENT STEP= 65169 

PARTICLES ADDED AT BEGINNING OF THE STEP= 64 

PARTICLES REMOVED AT END OF LAST STEP = 0 

CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 140, TIME STEP 10, STRESS 
PERIOD 9 

• 

• 

• 
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IMTI 

IN OUT 

CONSTANT CONCENTRATION: 457.7350 -204.8549 

CONSTANT HEAD: O.OOOOOOOE+OO -32.49475 

WELLS: O.OOOOOOOE+OO -43.17962 

DRAINS: O.OOOOOOOE+OO -702.6573 

RIVERS: O.OOOOOOOE+OO -12.97746 

RECHARGE: O.OOOOOOOE+OO O.OOOOOOOE+OO 

DECAY OR BIODEGRADATION: 0.3478015E-06 -783.6319 

MASS STORAGE (SOLUTE): 2860.173 -1918.444 

MASS STORAGE (SORBED): 1134.511 -793.3235 

[TOTAL]: 4452.419 g -4491.564 g 

NET (IN- OUT): -39.14453 

DISCREPANCY (PERCENT): -0.8753266 

I 3 D I End of Model Output 
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RMT, Inc. 

AppendixH 
ContractorfV end or's Information -

MITU30 

I \Wf>MSN\PIT\00-04781\0l\R000478103·004 DOC 01(/l/1)0 

Crab Orchard National Wildlife Refuge 
Remsion 1, January 2000 
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April 17, 1996 

Mr. Jack Anderson 
RMT, Inc. 
744 Heartland Trail 
Madison, WI 53717 

Dear Mr. Anderson: 

• 

In response to your request for information regarding our new technology for soil 
treatment, called Mobile Injection Treatment Unit (MITU), we have enclosed thEt 
following information for your review. Please find enclosed three (3) case studies of 
projects using the MITU 12 and additional information describing the other MITU units 
that are available for use pending the site conditions and goals. Also included in this 
information packet is a list of other services made available to you. These services 
include engineering and design capabilities - field construction services, and also • 
management and compliance services. We would like to meet with you in person to 
further explain our wide range of services. 

The success of the MITU units has been attributed to their ability to aggressively treat 
contaminated soils where they lie. As a direct result of the effectiveness of these 
units, they have generated tremendous cost savings over conventional remediation 
technologies. The MITU units have the ability to treat contaminated sites in half the 
time and generally for half to a third the cost over other treatment technologies. 

The M ITU units were designed to effectively break up the density of soils , while 
simultaneously injecting Virtually any type reagent. The MITU units are capable of 
injecting hot air, steam, biotreatment materials, slurry, absorbents, saw dust, 
hydrogen peroxide, and stabilization compounds just to name a few. To promote 
compliance with air quality standards, the units have all been equipped with on-board 
air collection and filter systems, which are constantly monitored with on-board or 
remote air monitoring devices. The units are totally self contained and depending on 
size, can usually be in operation 4-6 hours after mobilization to a site. 

The MITU units were designed to meet the current and future environmental concerns 
as well as objectives for effective on-site treatment. Also, make available a 
technology for treatment of hard to get areas or sites with difficult soil conditions. • 
We have designed a technology that is capable of growing with the future to address 
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many potential areas of concern that may have been previously dismissed due to 
actual feasibility. 

We would like to extend an invitation to you and your associates for a site visit to one 
of our remediation sites in the future if you so desire. Thank you again for your 
interest in the MITU Technology. If I can be of any service to you or to set up a 
personal meeting, please contact our office. 

Sincerely, 

~/~ 
Bruce L. Bruso 
CBA Environmental Services, Inc . 

R.R. 1 Box JT • East Mountain Road • Hegins, Pennsylvania 17938 



SUBJECT 

KEY WORDS 

BACKGROUND 

TREATMENT 
OBJECTIVE 

SITE 
PREPARATION 

TREATMENT 
OPERATIONS 

COMPLETED PROJECT B 

CS# A11 EHT 

Forced Hot Air Injection (FHAI) with Vapor Recovery- "SUPERFUND" Site
AeroSpace manufacturing facility, North-Eastern Pennsylvania 

Mobile Injection Treatment Unit (MITU) 
Trichloroethane (TCE) 
Partitioning Coefficient 
Organic Vapor Analyzer (OVA) 
Total leachable Volatile Organic Compounds (VOC's) 

Slow leakage of TCE from a solvent distillation area resulted in a gradual 
release and infiltration of TCE and other VOC's into underlying soils. The 
contamination was last estimated to total 18,000 cubic yards to depths of 
twelve ( 12) feet. To date, approximately 10,000 cubic yards have been 
excavated and treated on-site through land farming to dry out soils initially. 
Following this process, soils are carried to a "Grizzly" rock crusher and 
processed to a screener which then separates 20 cubic yard quantities and 
deposits them into a dump truck. Soils are then transported to a staging 
area where "grab" samples are procured and analyzed on-site for "Total 
Leachable VOC's". If treated soils do not meet set criteria, they are 
returned for further treatment. Soil moisture resulting from early morning 
temperatures, inclimate weather, and cold temperatures halt processing of 
soils. The project has been underway for over two (2) years. 

To remediate contaminated soils to below 100 ug/Kg Total leachable VOC's 
with an emphasis on TCE removal in a relatively short time frame. To 
eliminate moisture content in soils. To commence treatment directly on a 
large stockpile contaminated with TCE without having to land farm or 
separate rocks from the soil. To greatly reduce and/or eliminate any fugitive 
emissions from the MITU treatment process. 

The stockpile that EHT, Inc. was contracted to perform the pilot test on 
consisted of approximately 200 cubic yards of soil contaminated with TCE. 
The soil was very moist and contained rocks of 8" and larger. Prior to soil 
treatment contaminant ranges were 125.6 ug/Kg to 12,951 .4 ug/Kg 
respectively. Additionally, an IN-SITU area measuring approximately 1 00 
feet by 50 feet was selected for treatment. The IN-SITU area to be treated 
was located directly over a solid rock glacial tier. 

EHT, Inc. personnel commenced treatment of the stockpile with the MITU 
1 0 unit injecting forced hot air at temperatures exceeding 700 degrees 
Fahrenheit. The MITU 10 unit was operated for 90 minutes only on this 
stockpile that day. The following day, the MITU 10 unit commenced 
treatment operations on the same stockpile. The MITU 10 unit was allowed 
to operate only 5 hours that day. Soil samples were collected at 120, 180, 
240, and 300 minute intervals and analyzed by the on-site laboratory. At 
the end of 5 hours of operation, soil samples were procured from the pile. 
The levels had been reduced to 325.3 ug/Kg and 367.3 ug/Kg respectively. 
This was an extreme reduction in total leachable VOC's from the starting 
levels. Summary lab results are attached as Tables' 1-A, 2-A & 3-A. 

• 
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TREATMENT 
OPERATIONS 
(cont.) 

SITE 
MONITORING 

RESULTS 

CASE STUDY (page 2) 

CS# A 11 EHT (continued) 

EHT, Inc. personnel commenced to begin treatment on the IN·SITU area. 
The MITU unit penetrated 7.5 feet into the rock when a sample was 
procured. The results of this sample revealed soil contaminant levels 
exceeding 103,000 ug/Kg. Due to lack of proper personal protective 
equipment available for evaluating personnel, treatment in this area was 
halted. 

During the course of treatment operation!i of the MITU 1 0 unit, a consistent 
20 · 25 mile per hour cross wind was present. On·site personnel performed 
air monitoring with a portable OVA directly adjacent to and around the 
perimeter of the MITU unit while it was operating. The down wind side 
measured less than .5 ppb of organic vapor. The remaining perimeter of the 
unit did not create any detectable emissions. Backround levels were above 
5 ppb during routine operations at the site. 

Soil samples were analyzed using a Gas Chromatograph, Mass Spectrometer 
(GC/MS). Analysis included the use of a partitioning coefficient to 
determine Total Leachable VOC's. 
Field GC Partitioning 
Concentration Coefficient 
Cs + Kd 
(ug/Kg) (L/Kg) 

= 

Leachable 
Concentration 
Cl 
(ug/Kg) 

In addition, the site was monitored by the United States Environmental 
Protection Agency Region Ill (US EPA) and the Pennsylvania Department of 
Environmental Resources (PADER) during operations with the MITU 
technology. 

Enviro Haz· Tech, Inc mobilized the MITU 1 0 technology to demonstrate the 
agressive ability of the unit to significantly eliminate organic compounds in 
all soil types while collecting and eliminating any toxic fugitive emissions. 
The MITU technology was operated for a total of 6.5 hours at this 
"Superfund'' site and reduced TCE contaminants from a high of 12,951.4 
ug/Kg to 325.3 ug/Kg respectively. 

The MITU technology demonstrated its ability to treat 200 cubic yards in 
6.5 hours of operation. It is estimated that the MITU unit could 
decontaminate the remaining 8000 cubic yards in 8 • 9 weeks of operation 
generating a tremendous cost savings and site closure 

For further information regarding other VOC's that were decontaminated 
from the soils at this site, contact our corporate office 



PROJECT PROFILE: M1TU 30: CBA. ENVIRONMENTAL SERVICES, INC 
CASE STUDY AlJ EHT: UTICA., MICHIGAN 

-20 Fr. 
I 'II 

"30 CJ. •• , 
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In the winter of 1994, the MITU 30 was utilized to cut through an existing concrete 
slurry stoppage wall that had been installed some years prior. The stoppage wall was 
installed around a portion of the Landfill perimeter. A deficiency had developed with the 
current wall. The MITU 30 cut into the existing solid concrete to depths ranging from 
16' to 30' and 32 .. wide. During the process debris such as engine blocks and guard rail 
material was encountered. The MITU 30 penetrated this debris and following 
completion of the cut, a bentonite slurry was installed to reinforce the stoppage wall. 
Previous to the mobilization of the MITU 30, the .. MILLGARD" (Large Diameter 
Auger), technology was applied with no success. 

During installation of the bentonite slurry. 
extraction wells were placed in intermitent 
locations throughout the cut to facilitate 
recovery of leachate water from landfill 
operations. 

For further information or details regarding 
this project, contact CBA Environmental 
Services/EHf at (717) 682-8742. 

• 

• 

• 
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ENVIRONMENTAL SERVICES INC. 

R.R.1 BOX 1T • EAST MOUNTAIN ROAD • HEGINS, PA 17938 
(717) 682-8742 • FAX 717-682-8915 

MOBILE INJECTION TREATMENT UNIT 

Specifically, the technologies are the design of the Mobile Injection Treatment Unit ("MITU"). 
MITU is a highly mobile unit designed for application of IN-SITU (In-Ground) and EX-SITU (Above~ 
ground) contaminated soil and sludge treatment applications. Each unit can easily and logistically be 
mobilized to any location or climate. The unit's primary function is to conduct single or multiple 
subsurface or surface inj_ection of chemical reagents, mixing operations and air contaminant emission 
recovery. 

Prior Environmental Technologies have had limited performance due to dense soil and rock. The 
MITU units are capable of penetrating very dense soil as well as rock. As a result of this penetration, 
sufficient breakdown and mixing of these soil and rock types with various reagents including liquids, 
solids, and slurries is excellent thereby producing maximum IN~SITU and EX~SITU remediation results. 

The unit is self~contained, with all controls operated from within the enclosed cab. The 
operator can run the trencher type soil cutting device at three speeds plus reverse to control mixture 
ratios, treatment time, and soil conditioning. All injection occurs at pre-determined adjustable locations 
inside the primary and secondary air emission collection hood. The trencher cutting devise is 
completely enclosed and equipped with primary and secondary air emission collection systems that 
transfer all vapors, dust, and emissions to the on~board treatment system. The cab of each unit is 
fitted with a removable low~pressure grade "0" breathing air system to protect the operator in 
hazardous airborne environments. 

One example process that is enhanced by the MITU is Bioremediation. IN-SITU Bioremediation 
efforts traditionally have been successful only when applied to porous and semi-porous soils. Due to 
the combination of soil density breakdown, homogeneous mixing, proper aeration, and accurate 
microbial injection, Bioremediation is now not only possible but also enhanced thereby expediting the 
cleanup and reduction in contaminant levels. Another example of soil treatment enhancement is forced 
hot air injection with vapor recovery for volatile and semi~volatile organic contaminated soils. Typically, 
industrial sites contaminated with chlorinated solvents, aromatic/aliphatic hydrocarbons or residual 
petroleum compounds are selected for soil vapor extraction. This is a conventional treatment process 
that can take several years to remediate with no absolute cost expenditure guarantee. The MITU 
technology deploys a forced hot air injection system at temperatures ranging from 1 ,000 to 1,600 
degrees Fahrenheit depending on unit size. A powerful vacuum recovery system for the volatiles is 
used in conjunction with the heat injection to create a tremendously aggressive soil cleanup. Treatment 
time frame is reduced by years! Refer to attached "projects completed" section for full details. 

As the soil is treated, it is dispersed through the undercarriage or immediately backfilled 
emerging as a fine grained topsoil. Municipal and Hazardous sludges can be dried and chemically 
stabilized to greatly reduce or eliminate off~site disposal costs. Depending on site conditions and MITU 
size, the unit can treat up to fifty~five (55) metric tons per hour, saving up to 60 percent over 
conventional remediation costs. Depending on the MITU model, injection and mixing treatment 
operations can be applied beneath building and basement floors . 



There are currently three (3) MITU unit sizes available. The technology is similar for all units . 

MITU MINI - This unit is capable of soil treatment operations beneath basement floors for 
contaminated areas which may exist under buildings and present difficult treatment solutions. Depths 
of eight (8) to twelve (12) feet can be treated based on building size. 

MITU 10 - This is the most popular MITU unit in that it is the only one that can perform 
subsurface (IN-SITU) treatment operations to a depth of twelve (12) feet as well as surface (EX-S.ITU) 
treatment operations on above-ground stockpiles as high as eight (8) feet without moving the pile. The 
unit can also treat contaminated areas within close proximity of building foundations. 

MITU 30 -This unit is capable of deep sub-surface treatment operations IN-SITU to a maximum 
depth of thirty (30) feet, while simultaneously performing immediate backfill and compaction 
operations. This unit can also be operated to transfer treated soils immediately to a dump truck for 
placement to another area of the site. 

Applications 

The MITU units are capable of several different injection applications including all types of 
liquids, solids, slurries, gasses, and forced hot air. Examples include the following: 

Hazardous Waste Fixation 

Microbial - IN-SITU/EX-SITU Bioremediation 

Portland Cement/Fly Ash - Heavy Metal Stabilization 

Kiln Dust - Sludge Solidification 

Forced Hot Air- Volatile/Semi-Volatile Organic Extraction 

Cement Slurry - Slurry Wall Construction/Landfill Application 

Absorbents - Major Spill Stoppage 

Municipal & Hazardous Sludge treatment 

Horizontal Well installation - ground water recovery and treatment 

Performance/Operation 

Since there is a growing concern with air quality, the MITU units have all been equipped 
with air emission and dust collection hoods which are completely sealed and rest on the surface of 
the area where the injection/mixing operations are taking place. The air collection hood is powered 
by an on-board vacuum unit which transfers vapors, emissions, and dust to an appropriate filter 
system. Contained within this vacuum hood is an air monitoring probe which is directly connected 
to a direct reading instrument including but not limited to a portable GC, Oxygen/CGI indicator, or a 
PID. 

R.R. 1 Box JT • East Mountain Road • Hegins, Pennsylvania 17938 
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Pre-Treatment Requirements 

A complete site delineation to determine vertical and horizontal contaminate location, 
contaminate type, and soil type are required prior to mobilization of the MITU units. 

Advantaaes 

Soil or sludge does not have to be excavated thereby eliminating the cost of backfill, 
transportation, and disposal. Elimination of these elements commonly used in remediation, 
generates a significant cost savings t<>,.the client. In addition, future liabilities to the client are 
eliminated as well as limited disruption to the site. The MITU units can also be used to enhance a 
full circle soil washing or pump and treat system. 

Limitations 

The MITU units are not capable on IN·SITU treatment greater than 30 feet deep. 

If you should have any questions or would like more information, please contact: 

CBA Environmental Services, Inc. 
Enviro Haz· Tech, Inc. 
R.R. # 7 Box 1T 
East Mountain Road 
Hegins, PA 7 7938 
(71 7) 682-8742 

R.R. 1 Box 1T • East Mountain Road • Hegins, Pennsylvania 17938 



Appendix A - MITU Specifications • MITU- MINI 

· Drive Power: 50 - 75 HP Diesel 
Height: 75 - 1/2 .. 
Width: 5 ft. 
Weight: 5,232 lbs. Plus 1,500 lbs. with Trencher 
Drive: Tire or Tracks 
Cutting Depth: Up to 8' - 12' depending on building size 
Treatment Rate: 500 CU. FT./HR. 
Treatment: Forced hot air/slurry/liquid spray/solid injection 

Air- 50 CFM 
Vacuum 
Filter Media 

MITU- 12 

Drive Power: 140 HP & 130 HP Diesel (dual) 
Length: Approximately 30' plus 9' 6" arm and 14' trencher 
Width: 1 0' 5" with 32" tracks 
Weight: Approximately 52,500 lbs. • Drive: 32" Tracks 
Cutting Depth: Up to 12' sub-surface and up to 8' on above-ground piles 
Treatment Rate: 1,500 CU. FT./HR. 
Treatment: Forced hot air/slurry/liquid spray/solid injection 

Air - 50 - 75 CFM with optional 400 CFM 
Vacuum 
Filter Media 

"'MITU- 30 

Drive Power: 750 HP Diesel 
Length: Approximately 54' 
Width: 11' 6" plus 6' to 7' auxiliary equipment to one side 
Weight: Approximately 200,000 to 240,000 lbs. 
Drive: 30" Tracks 

- ... _. Cutting Depth: 0 to 30' 
Treatment Rate: 7,500- 10,000 CU. FT./HR. 
Treatment: Forced hot air/slurry/liquid spray/solid injection 

Air- 400 CFM 
Vacuum 
Filter Media 

• 
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Comparative Technologies 

It is important to note that the MITU system is capable of handling a variety of 
remediation media and waste applications, which is not found in other vendors 
applications. This is clearly shown when comparing the MITU system with two other 
reputable vendors, using the popular "Soil Vapor Extraction" process. 

Soil Vapor Extraction 

Most environmental companies continue to use the conventional methods of 
"treating" contaminated soil by either displacing it for extensive treatment or trucking 
it to landfills or incinerators. One process displaces the contamination for future 
considerations (landfills) and the other requires significant time and money. 

According to information provided by the Office of Solid Waste and Emergency 
Response Technology Innovation Office, a division of the EPA, there are over 277 
technologies listed with the EPA that addresses all forms of remediation. Of those 277 
processes, only forty-two (42) processes dealt with IN SITU SOIL ( 17) and SOLID 
PHASE (25) processing. Most of these technologies were designed for a specific 
contaminant for a specific site and therefore have limited value and associated 
extensive limitations. Some of the more obvious limitations that are experienced with 
other remediation processing and not with the MITU process include: 

• Concentration levels below certain levels usually less than 1,000 PPM . 

• Incapable of handling viscous materials that have the same size and specific 
gravity as the soil particles. 

• Capable of remediating only a limited number of contaminants. 

In reviewing the information provided by the Office of Solid Waste and 
Emergency Response Technology Innovation Office, there are only two other Vendors 
that have a working process for Soil Vapor Extraction. They are Geo-Con, Inc. of 
Monroeville, PA and Terra Vac, Inc. of Newport Beach, CA. While these two firms 
use a vapor extraction process, the Terra Vac process uses labor intense "vapor 
extraction wells" that require considerable monitoring and excessive amount of time 
to process a site. The vapor extraction wells are connected via manifold of piping to 
a gas liquid separator, a blower capable of inducing a vacuum in the system of vapor 
extraction wells and their surrounding soils and finally to an air stream treatment 
device. The Geo-Con technology uses a large mixing auger which penetrates the soil 
while the Volatile Organic Compounds are then removed through wells and through 
a special movable shroud which covers the work area during mixing. 

The following Table provides an overview of the three technologies and their 
capable further highlights the extensive advantages of the MITU process. 

• 
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• 
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Table 1 
Comparison of Remediation Technologies 

MITU GEO CON TERRA VAC 

MEDIA 
SOIL (IN SITU) X X X 
SOIL (EX SITU) X 
SLUDGE X 
SOLID (SLAG) X 
DENSE NONAQUEOUS PHASE LIQ1 

NATURAL SEDIMENT (IN SITU) X X 
NATURAL SEDIMENT (EX SITU) X 
LIGHT NONAQUEOUS PHASE LIQ2 X 

WASTE APPLICATIONS 
HALOGENATED VOLATILES X X X 
HALOGENATED SEMIVOLATILES X X X 
NONHALOGENATED VOLATILES X X X 
NONHALOGENATED SEMI " X X X 
ORGANIC PESTICIDES/HERBICIDES X X X 
DIOXINS/FURANS X X 
PCBs X 
POLYNUCLEAR AROMATIC (PNA's) X X 
SOLVENTS X X X 
BENZENE X X 
ORGANIC CYANIDE X X X 
ORGANIC ACIDS X X 

INORGANICS 
HEAVY METAL X 
NONMETALLIC TOXIC ELEMENTS X X 
RADIOACTIVE METALS X 

1 While the MITU isn't designed for Ground Water treatment, it is capable of 
installing horizontal recovery well systems . 

2 Same as footnote 1 



MITU GEO CO~ TERRA VAC 

ASBESTOS X • INORGANIC CYANIDES X 
INORGANIC CORROSIVES X 

MISCELLANEOUS 
EXPLOSIVES/PROPELLANTS X 
ORGANOMETALLIC PESTICIDES X 

VENDOR SERVICE 
EQUIPMENT MANUFACTURER X 
SUB-CONTRACTOR/CLEANUP SVS. X X X 
PRIME CONTRACTOR-FULL SVS. X 

FULL SCALE FACILITY IS 
TRANSPORTABLE X 
FIXED 
IN-SITU X X 
HOLDING TANK 

• 

• 
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Enviro Haz-Tech Mobile Injection Treatment Units 

Snr:1vr>r/ 
blower unrt 

e Enviro Haz-Tech 
Environmental ServiCes. Hegins. 
Pa .• 11as Clevetopoo a series of 
Mobile Injection T rcatment Units 
(MITUs} to conduct subsurtacc. in 
situ or surface, ex situ treatments. 

· The unit can penetrate dense soils. 
as well as rock and mix In all types 
of trf";.atmoflt reagent:.-::.lurr y, 
solid. liquid or hot air-to depths of 
9 meters. The major component of 
the unit is a modified hydraulic 
excavator mounted to a custom 
fabricated trenching unit and fitted 
with a. corico Qf intorohongcob.., 
injection systems with full vapor 
recovery systems. To ensure 
compliance with air quality 
standards, the unit has on-boar(i, 

60 April I QC)-4 Soil& 

computenzeo a1r momtonng to 
record otganic and inorganic 
vapors, as well as combustible and 
toxic vapor emissions.The units arc 
equipped with rotary carbide cutting 
blades. wh1ch can penetrate even 
solid rock. The MITU Mini model is 
designed to inject and mix soils up 
to 2.5 rneters oeneatn ow1a1ngs, 
basement floors and other 
structutes. The model 10 can treat 
lo depths up to 3.6 meters and 
stockpiles as high as 4.5 meters. 
The model 30 can penetrate depths 
to S meter:. Th..., c.<Hbidu tct:llh 
rotate at three speeds to chew into 
the soil formation rn up to 46 
centimeter wrdths. When the unit IS 

at the desired depth~ one of several 

Ve~tilat•on 
V3Gi.JUI'Tl hoOd 

types of injection units disburse the 
reagent into the soil as the unit is 
breaking it down. Soil is pulled Into 
the sealed housing, which can 
deliver microbial and nutrient 
mixtures to enhance 
bioremediation, liquid or dry lime 10 
stabilize the area, hot air for volatile 
stnpp1ng appliCations, cement 
slurry for sluray wall construction or 
absorbants to collect free product. 
As soil is treated, it is dispersed 
through the undercarriage of the 
unit, emerging as a fine grained. 
clean topsoil. oepenamg on stte 
conditions. the- unit can treat up to 
55 metric tons per hour, saving up 
to 60 percent over conventional 
remediation option costs .I 

Write In 575 for more lnfotmatioll 

H·' ., 
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Enviro Haz Tecb of Pa. 
Mobile Injection Treatment 
For Dense Contaminated Soli 

By Elena Marcheso Moreno 

Turning contaminated land into usable con
struction sites bas great appeal in the competitive 
world of building development Enviro Haz· Tech, 
an environmental remediation company in He
gins, Pa., has developed a series of Mobile Injec
tion Treatment Units (MITIJs) that can help reme
diate difficult soil conditions, both on unbuilt and 
built sites. 

Enviro Haz-Tech specializes in treatment of 
all types of soils contaminated with petroleum or 
other hazardous materials. The patented MI'I11 
technology particularly appeals to building 
developers because it can handle dense subsurface 
contaminated soils undef buildings. Cleaning the 
soil in place saves developers the costs of 
transponation and disposal associated with the 
alternative solution of dumping the contaminated 
soil into landfills, or incinerating it 

Huge Cost Savings 

By actually treating the soil on-site, the 
MITIJ system can help a land owner save be
tween 40 percent and 60 percent compared to 
removirg it, Enviro Haz-Tech estimates. Once the 
treatm.mt is completed, new soils are not required 
in order to develop and build on the site. 

Enviro Haz-Tech's soil treatment unit is 

YJR!iJN SOIL 

comprised of a John Deere modified hydraulic 
excavator mounted on a custom trenching unit 
equipped with a series of interchangeable injec
tion systems and full vapor recovery. It includes 
proprietary manifolds. pumps, storage tanks, 
computers, monitors, and hydraulic controls. The 
operator can manipulate all controls from within 
the cab of the self ..contained unit. 

In addition, the trencher is completely en
closed and has air emission collection systems 
that transfer vapors to on-board treaanent equip
ment Compliance with air..quality standards is 
achieved through computerized monitoring of or
ganic and inorganic vapors. and other toxic or 
combustible emissions. 

SoU Injection 

1be MITU operatOr excavates contaminated 
land within a predetennined grid, trenching con
taminated son and injecting it with hot·air, bio
chemicals. slurries, and stabilization compounds. 
as required for remediation. All units use rotary 
carbide cutting blades that can penetrate all soils. 
even dense rock, to depths of 9 meters. A MITU 
Mini model was also developed to inject and mix 
soils to a maximum depth of 2.5 meters beneath 
building basements, concrete slabs, and other 
structures. 

1be unit's carbide teeth rotate at three speeds 
to break up son formations in 46-centimeter 

(Continued) 
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LARGE.SCALE REMEOIATDR- MITU-30 
SHOWN WITH AIR/LIQUID/SOLID INJECTION AND VACUUM RECOVERY 

Call (800) 274-6737 to purchase doc<uments flagged with a 'It icon. 
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MITU MINI UNIT 
IN-GROUND APPLICATION 

Envlro Haz .. Tech (Com.) 

widths. Once it has reached the required depth, 
one of a variety of injection units distributes the 
Enviro mitigating agent into the soil. Soil passes 
through the sealed housing, where it is treated. 
Microbial and nutrient mixtures are delivered into 
the chamber to enhance bioremediation; hot air to 
encourage volatile stripping; cement slurry for 
slurry wall construction; and absorbants to collect 
free product. Once the soil is treated, it is pushed 
through the undercarriage of.- the--Mf.I'U ,. reap
pearing as a clean, fine-grained topsoil. In all but 
the most difficult site conditions, the MlTIJ can 
treat up to 55 metric tons pel' hour. 

MITU Versatility 

In the past, bioremediation strategies have 
succeeded only when employed on porous or 
semi-porous soils. The new MlTIJ approach han
dles all types of soils, according to Enviro Haz-

Tech. In addition to vapor recovery, oils contami
nated with metals or pesticides can be cleaned 
with this multiple injection system, which has the 
ability to inject remediation agents in the neces
sary fonn-solid, liquid, gas, or slurry. 

When the MITU completes its job, the land 
left can immediately be used for buildings that 
will be occupied by people. The company re
cently completed a clean-up project in Pottsville, 
Pa., on a site when petroleum had been dis-

- - tributed.- Although. th8 -storage- tanks were no 
longer present, the site was contaminated by past 
seepage of petroleum, kerosene, and bunker fuel. 
Enviro Haz-Tech cleaned upthe site, which is now 
being developed for a 100,000 mixed-use ware
house and shopping mall project. 

For more information about the MITIJ sys
tem, or to inquire about domestic and interna
tional joint ventures. Contact: Bruce Bruso at 
EIIT/CBA (717) 682-8742. 

Call (BOO) 274.S737 to purchase documents flagged with a 'It icon. 



IN-SITU HOT AIR INJECTION USING MITU-12 TECHNOLOGY 
PENNSYVANIA DEPARTMENT OF ENVIRONMENTAL PROTECTION 
STATE HSCA IHAZARDOUS SITE CLEANUP AGENCY) PROJECT 

ZIEGLERVILLE, MONTGOMERY COUNTY, PENNSYLVANIA 
JANUARY 1997 

COMPOUND PRE-TREATMENT CONC. (ppb} POST TREATMENT CONC. (oobl PADEP CLEANUP STANDARD 
TCE 

BENZENE 
XYLENE 
1,1 DCE 

TOLUENE 
1,1,2 TCEA 

*Total treatment time was 60 hours 
* Total soil volume 200 cubic yards 

24,900 
6,619 . 

113,100 
1,023 

270,000 
3,990 

*Soil moisture content 90%- 100% constant 
* Initial investigation revealed TCE levels as high as 270,000 ppb 
* Soil type was dense clay and silts with groundwater at 9 feet 
*Treatment depth- 9 feet 

• • 

<5 to 500 2,000 DDb 
nd 100 ppb 

2000 5,000 ppb 
<5 1,000 DDb 

nd to 53 100,000 ppb 
<5 BOO oob 
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Opinion of Probable Cost for Remedial 
Alternatives - Cost Breakdown Tables 

I.\ I VPMSN\ P/T\00-04781 \Ol\ R000478103-004.DOC 01(13/00 

Crab Orchard National W!ldilfe Refuge 
Revision 1, January 2000 
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OPINION OF PROBABLE COST 

CRAB ORCHARD NWR • PCBOU - Sites 32133 

MARION, ILLINOIS 

PROJECT NO. 4781.03 

REMEDIAL ALTERNATIVE "A" 

NO ACTION I COMPLIANCE MONITORING ONLY 

I UNIT UNIT$ 

DIRECT CAPITAL COSTS: 

No capital costs Is $0 

SUBTOTAL DIRECT CAPITAL COSTS 

INDIRECT CAPITAL COSTS: 

Proj. Mg'mt/Scheduling hr $125 

Administration Is $2,000 

SUBTOTAL INDIRECT CAPITAL COSTS 

SUBTOTAL DIRECT & INDIRECT CAPITAL COSTS 

CONTINGENCY ON TOTAL CAPITAL COSTS (15 

!TOTAL CAPITAL & STARTUP O&M COSTS 

ANNUAL COMPLIANCE MONITORING COSTS: 

Proj. Mg'mt hr $125 

QUANT. TOTAL 

0 $0 

$0 

24 $3,000 

1 $2,000 

$5,000 

$5,000 

$750 

$5,750 

24 $3,000 

Semi-Annual Compliance Sampling (14 MWs, 5 SW, 1 leach, 1 WW, 9 QAIQC) 

Labor- prep & sample coli. (160 hr@ $65/ visit $10,400 2 $20,800 

Monitoring Equipment visit $1,000 2 $2,000 

Lab Analysis 

(VOCs, SVOCs, PCB/Pest,Metals; CLP) ea $915 60 $54,900 

Purge water disposal gal $0.50 700 $350 

Data evaluation Is $4,000 2 $8,000 

Reporting Is $8,000 2 $16,000 

Miscellaneous expenses Is $1,000 2 $2,000 

!SUBTOTAL ANNUAL OM&M COSTS $107,050 

jPRESENT WORTH OF ANNUAL COSTS 30 years@ 1 % 1 $1,329,ooo 

jTOTAL COSTS (TOTAL CAPITAL PLUS PRESENT WORTH) I $1,335,ooo 

COMMODITY 

COSTS 

$0 

$0 

so I 

$0 

$0 

$0 

$54,900 

$350 

$0 

$0 

$0 

$55,2so I 

-30% TOTAL COST: 

+50% TOTAL COST= 

ASSUMPTIONS AND CLARIFICATIONS 

1. Cost totals rounded to the nearest thousand dollars_ 

2 Costs determined from vendor quotes, Means construction cost data. and estimates from other similar projects. 

3. Contingency is assumed to be 15% of total capital cost. 

4. Discount rate of 7.0% used for present worth estimate, per OSWER Directive No. 9355.3-20 (1993). 

5 All costs are based on preliminary concepts. They are intended for comparison among options, and not for final budgeting . 

h:\data\projects\4781\AL Tcost_R1.xls A - Compliance Monitoring 

CONSULT ANT I 
COSTS 

$0 

$3,000 

$2,000 

$5,000_1 

$3,000 

$20,800 

$2,000 

$0 

$0 

$8,000 

$16,000 

$2,000 

$s1.soo 1 

$935,000 

$2,003,000 

1-? 
Page 1 J 
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OPINION OF PROBABLE COST 

CRAB ORCHARD NWR • PCBOU - Sites 32/33 

MARION, ILLINOIS 

PROJECT NO. 4781.03 

REMEDIAL ALTERNATIVE "B" 

MONITORED NATURAL ATTENUATION (MNA) 

I UNIT UNIT$ 

DIRECT CAPITAL COSTS: 

No capital costs Is $0 

SUBTOTAL DIRECT CAPITAL COSTS 

INDIRECT CAPITAL COSTS: 

Proj. mg'mUScheduling hr $125 

Workplan prep./approvals Is $15,000 

Administration Is $2,500 

SUBTOTAL INDIRECT CAPITAL COSTS 

SUBTOTAL DIRECT & INDIRECT CAPITAL COSTS 

CONTINGENY ON TOTAL CAPITAL COSTS (15 

!TOTAL CAPITAL COSTS 

ANNUAL MNA MONITORING COSTS (YEARS 1 &2): 

Proj. Mg'mt hr $125 

Natural Attenuation monitoring 

Semi-Annual MNA GW Sampling (20 wells + 4 QC) 

Labor - sample collection (add'l 40 mh @ visit $2,600 

Monitoring Equipment visit $1,000 

Lab Analysis 

GW MNA (VOCs, CLP) ea $150 

GW (MNA parameters) ea $295 

Purge water disposal gal $0.50 

Data evaluation Is $4,000 

Reporting Is $8,000 

Miscellaneous expenses Is $1,000 

SUBTOTAL ANNUAL MNA MONITORING (YEARS 1&2) 

SEMI-ANNUAL COMPLIANCE MONITORING 

Sampling, analysis, limited data eval/repor year $82,000 

QUANT. 

0 

50 

1 

1 

48 

2 

2 

48 

48 

1000 

2 

2 

2 

1 

SUBTOTAL COMPLIANCE MONITORING ANNUAL COST (YEARS 1&2) 

!SUBTOTAL ANNUAL MONITORING COSTS (YEARS 0·2) 

ANNUAL MNA MONITORING COSTS -(YEARS 3 to 30): 

Proj. mg'mt hr $125 24 

Natural Attenuation monitoring 

Semi-Annual MNA GW Sampling (20 wells + 4 QC) 

h:\data\projects\4781\AL Tcost_R1.xls B-MNA 

COMMODITY CONSULTANT I 
TOTAL COSTS COSTS 

$0 $0 $0 

$0 

$6,250 $0 $6,250 

$15,000 $15,000 

$2,500 $2,500 

$23,750 

$23,750 

$3,563 

$27,313 so I s23,1so 1 

$6,000 $0 $6,000 

$5,200 $0 $5,200 

$2,000 $0 $2,000 

$7,200 $7,200 $0 

$14,160 $14,160 $0 

$500 $500 $0 

$8,000 $0 $8,000 

$16,000 $0 $16,000 

$2,000 $0 $2,000 

$61,060 $21,860 $39,200 

$82,000 $0 $82,000 

$82,000 $82,000 

$143,060 s21,aso 1 s121,2oo I 

$3,000 $0 $3,000 

Page 1 
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Labor· sample collection (add'l 40 hr @ $ visit $2,600 $2,600 $0 $2,600 

Monitoring Equipment visit $1,000 $1,000 $0 $1,000 • Lab Analysis 

GW MNA (VOCs, CLP) ea $150 24 $3,600 $3,600 $0 

GW (MNA parameters) ea $295 24 $7,080 $7,080 $0 

Purge water disposal gal $0.50 500 $250 $250 $0 

Data evaluation Is $4,000 2 $8,000 $0 $8,000 

Reporting Is $8,000 2 $16,000 $0 $16,000 

Miscellaneous expenses Is $500 $500 $0 $500 

SUBTOTAL ANNUAL MNA MONITORING (YRS. 3-30) $42,030 $10,930 $31 '100 

SEMI-ANNUAL COMPLIANCE MONITORING 

Sampling, analysis, limited data evallrepo year $82,000 $82,000 $0 $82,000 

SUBTOTAL COMPL. MONIT. ANNUAL COST(YRS. 3-30) $82,000 $0 $82,000 

lSUBTOTAL ANNUAL MONITORING COSTS (YEARS 3-30) $124,030 $10,930 l $113,100 J 

I PRESENT WORTH OF ANNUAL COSTS 30 years@ 7 % 1 s1.s14.ooo 1 

I TOTAL COSTS (TOTAL CAPITAL PLUS PRESENT WORTH) 1 s1.so2.ooo 1 

-30% TOTAL COST= $1,122,000 

+50% TOTAL COST= $2,403,000 

ASSUMPTIONS AND CLARIFICATIONS • 1. Cost totals rounded to the nearest thousand dollars. 

2. Costs determined from vendor quotes, Means construction cost data, and estimates from other similar projects. 

3. Contingency Is assumed to be 15% of total capital cost. 

4. Discount rate of7.0% used for present worth estimate, per OSWER Directive No. 9355.3-20 (1993). 

5. All costs are based on preliminary concepts. They are intended for comparison among options, and not for final budgeting. 

• 
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OPINION OF PROBABLE COST 

CRAB ORCHARD NWR • PCBOU • Sites 32/33 

MARION, ILLINOIS 

PROJECT NO. 4781.03 

REMEDIAL ALTERNATIVE "C" 

PHYTOREMEDIATION WITH MNA 

DIRECT CAPITAL COSTS: 

Phytoremediation 

Pre-design site visit 

Vendor design fee 

Site Preparation 

Drill waste disposal 

Hybrid poplar trees; procure & install 

Contingency ( 15%) 

SUBTOTAL DIRECT CAPITAL COSTS 

INDIRECT CAPITAL COSTS: 

Proj. mg'mt/Scheduling 

Design 

Construction Management 

Permitting 

On-site observe/documentation 

Documentation Report 

Administration 

Contingency (15%) 

SUBTOTAL INDIRECT CAPITAL COSTS 

!TOTAL CAPITAL COSTS 

ANNUAL OM&M COSTS (YEARS 1 & 2): 

Tree maintenance (fertilize, water, pruning) 

Proj. mg'mt 

Annual site visit 

Data evaluation 

Reporting 

Miscellaneous 

Compliance Monitoring· S/A 

MNA Sampling • S/A 

!SUBTOTAL ANNUAL OM&M COSTS (YRS.1&2) 

ANNUAL O&M COSTS (YEARS 3 thru 30): 

Tree Maintenance (fertilize, water, pruning) 

Proj. mg'mt 

Annual site visit 

Data Evaluation 

h:\data\projects\4781\AL Tcost_R1.xls 

UNIT 

Is 

Is 

Is 

cy 

acre 

hr 

Is 

Is 

Is 

day 

Is 

Is 

acre 

hr 

Is 

Is 

Is 

Is 

year 

year 

acre 

hr 

Is 

Is 

UNIT$ QUANT. TOTAL 

COMMODITY CONSULT ANTI 

COSTS COSTS 

$5,000 1 $5,000 $5,000 $0 

$50,000 1 $50,000 $50,000 $0 

$5,000 1 $5,000 $5,000 $0 

$216 1100 $237,600 $237,600 $0 

$15,000 25.58 $383,700 $383,700 $0 

$102,195 $102,195 $0 

$783,495 

$125 100 $12,500 $0 $12,500 

$15,000 1 $15,000 $0 $15,000 

$25,000 1 $25,000 $0 $25,000 

$5,000 1 $5,000 $0 $5,000 

$1,000 21 $21,000 $0 $21,000 

$10,000 1 $10,000 $0 $10,000 

$3,000 1 $3,000 $3,000 

$13,725 

$105,225 

$888,720 $783,4951 $91,5oo 1 

$1,700 26 $44,200 $0 $44,200 

$125 40 $5,000 $0 $5,000 

$1,000 1 $1,000 $0 $1,000 

$2,500 1 $2,500 $0 $2,500 

$5,000 1 $5,000 $0 $5,000 

$1,000 1 $1,000 $0 $1,000 

$82,000 1 $82,000 $0 $82,000 

$60,000 1 $60,000 $0 $60,000 

$200,700 so I $2oo,1oo 1 

$1,700 26 $44,200 $0 $44,200 

$124 40 $4,960 $0 $4,960 

$1,000 1 $1,000 $0 $1,000 

$2,500 1 $2,500 $0 $2,500 
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Reporting Is $5,000 $5,000 $0 $5,000 • Miscellaneous Is $1,000 2 $2,000 $0 $2,000 

Compliance Monitoring- S/A year $82,000 $82,000 $0 $82,000 

MNA Sampling (annually) year $42,000 $42,000 $0 $42,000 

!SUBTOTAL ANNUAL OM&M COSTS (YRS. 3-30) $183,660 so I $183,66o 1 

I PRESENT WORTH OF ANNUAL COSTS 30 years@ 7 % $2,310,000 

I TOTAL COSTS (TOTAL CAPITAL PLUS PRESENT WORTH) $3,198,720 

-30% TOTAL COST= $2,240,000 

+50% TOTAL COST= $4,799,000 

ASSUMPTIONS AND CLARIFICATIONS 

1_ Cost totals rounded to the nearest thousand dollars. 

2. Costs determined from vendor quotes, Means construction cost data. and estimates from other similar projects. 

3. Contingency is assumed to be 15% of total capital cost. 

4. Discount rate of 7.0% used for present worth estimate, per OSWER Directive No. 9355.3-20 (1993). 

5. All costs are based on preliminary concepts. They are intended for comparison among options, and not for final budgeting. 

6. Assumes planting density of 1500 poplar trees per acre. using a trencher to plant trees. 

7. Assumes 20% of native contaminated material can't be backfilled, so must be disposed offsite as characteristically hazardous waste. 

• 

• 
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• OPINION OF PROBABLE COST 

CRAB ORCHARD NWR • PCBOU • Sites 32133 

MARION, ILLINOIS 

PROJECT NO. 4781.03 

REMEDIAL ALTERNATIVE "D" 

IN SITU ENHANCED BIOREMEDIATION WITH MNA AND LIMITED PHYTOREMED/ATION 

I UNIT UNIT$ QUANT. TOTAL 

COMMODITY CONSULTANT~ 
COSTS COSTS 

DIRECT CAPITAL COSTS: 

Mobilization Is $5,000 $5,000 $5,000 $0 

Drill injection wells· 4" dia. PVC ft $50 600 $30,000 $30,000 $0 

Wellhead completion ea $300 15 $4,500 $4,500 $0 

Construction/site work 

Excavate infiltration pits • 3 each cy $5 13500 $67,500 $67,500 $0 

Backfill infiltration pits - washed gravel cy $15 10200 $153,000 $153,000 $0 

Topsoil/grade infiltration galleries cy $6 4000 $24,000 $24,000 $0 

Trenching & piping If $25 1500 $37,500 $37,500 $0 

Polyethylene cover (3 galleries) sf $0.50 100000 $50,000 $50,000 $0 

Tankage (2 poly tanks/site, 2500 gal) Is $5,000 4 $20,000 $20,000 $0 

Transfer pump & metering pump Is $4,000 4 $16,000 $16,000 $0 

Misc. equipment Is $2,500 4 $10,000 $10,000 $0 

• Equipment shelters Is $1,500 4 $6,000 $6,000 $0 

Electrical install. work- 4 sites Is $3.000 4 $12,000 $12,000 $0 

Electrical service (Repos. & So. Repos. onl Is $5,000 2 $10,000 $10,000 $0 

Plumbing - water line & equip. connections Is $5,000 4 $20,000 $20,000 $0 

Sump & level controls installation Is $5,000 3 $15,000 $15,000 $0 

Control panels Is $5,000 4 $20,000 $20,000 $0 

Site restoration Is $15,000 1 $15,000 $15,000 $0 

Limited Phytoremediation 

Vendor design fees Is $50,000 $50,000 $50,000 $0 

Pre-design/site prep Is $10,000 1 $10,000 $10,000 $0 

Hybrid poplar trees; procure & install acre $15,000 14 $210,000 $210,000 $0 

Contingency (25%) $196,375 $196,375 $0 

SUBTOTAL DIRECT CAPITAL COSTS $981,875 

INDIRECT CAPITAL COSTS: 

Proj. mg'mVScheduling hr $125 120 $15,000 $0 $15,000 

Pre-design • pilot test Is $15,000 $15,000 $0 $15,000 

Design Is $40,000 $40,000 $0 $40,000 

Construction Management Is $75,000 $75,000 $0 $75,000 

Permitting Is $5,000 1 $5,000 $0 $5,000 

On-site observe/documentation day $1,000 14 $14,000 $0 $14,000 

• Documentation Report Is $10,000 1 $10,000 $0 $10,000 

Administration Is $3,000 $3,000 $3,000 
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Contingency (15%) $26,550 

SUBTOTAL INDIRECT CAPITAL COSTS $203,550 • SUBTOTAL DIRECT & INDIRECT CAPITAL COSTS $1,185,425 

STARTUP OM&M COSTS: (5 days to do initial charges and injections) 

Labor days $800 5 $4,000 $0 $4,000 

Monitoring equipment days $200 5 $1,000 $0 $1,000 

Chemicals 

Lactate lb $5 1295 $6,475 $6,475 $0 

Sodium sulfite lb $0.50 776 $388 $388 $0 

Data evaluation Is $1,000 1 $1,000 $0 $500 

Proj. mg'mt hr $125 24 $3,000 $0 $3,000 

Reporting Is $2,500 1 $2,500 $0 $2,500 

Miscellaneous Is $1,000 1 $1,000 $0 $1,000 

SUBTOTAL STARTUP OM&M COSTS $19,363 

I TOTAL CAPITAL & STARTUP OM&M COSTS $1,204,788 $988,738 I $189,ooo 1 

ANNUAL OM&M COSTS YEARS 1 & 2: 

Proj. mg'mt hr $125 60 $7,500 $0 $7,500 

OM&M labor (monthly) visit $1,200 12 $14,400 $0 $14,400 

Monitoring equipment visit $150 12 $1,800 $0 $1,800 

Data evaluation qtr $800 4 $3,200 $0 $3,200 

Reporting hr $80 50 $4,000 $0 $4,000 

Miscellaneous Is $1,000 1 $1,000 $0 $1,000 • Chemicals 

Lactate lb $5 6560 $32,800 $32,800 $0 

Sodium sulfite lb $0.50 3910 $1,955 $1,955 $0 

Utilities mo $100 12 $1,200 $1,200 $0 

Compliance Monitoring - S/A year $82,000 1 $82,000 $0 $82,000 

MNA Sampling- S/A year $60,000 1 $60,000 $0 $60,000 

Ltd Phytoremediation maintenance acre $2,500 15 $37,500 $37,500 $0 

!SUBTOTAL ANNUAL OM&M COSTS (YRS. 1&2) $247,355 $73,4551 $173,9oo 1 

ANNUAL OM&M COSTS (YEARS 3 - 30). 

Proj. mg'mt hr $125 24 $3,000 $0 $3,000 

Compliance monitoring- S/A year $82,000 1 $82,000 $0 $82,000 

MNA Sampling (annually) year $42,000 1 $42,000 $0 $42,000 

Ltd Phytoremediation maintenance acre $2,500 15 $37,500 $37,500 $0 

!SUBTOTAL ANNUAL OM&M COSTS (YRS. 3-30) $164,500 $37,5oo 1 $127,ooo 1 

I PRESENT WORTH OF ANNUAL COSTS 30 years@ 1 % 1 $2,192,ooo 

I TOTAL COSTS (TOTAL CAPITAL PLUS PRESENT WORTH) I $3,397 ,ooo • 
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ASSUMPTIONS AND CLARIFICATIONS 

1. Cost totals rounded to the nearest thousand dollars. 

-30% TOTAL COST= 

+50% TOTAL COST= 

2. Costs determined from vendor quotes, Means construction cost data, and estimates from other similar projects. 

3. Contingency is assumed to be 25% of total capital cost due to uncertainties regarding injection frequency and total injectate volume. 

4. Discount rate of 7.0% used for present worth eslimate, per OSWER Directive No. 9355.3-20 (1993). 

5_ All costs are based on preliminary concepts. They are intended for comparison among options, and not for final budgeting. 

6. Assumes injactionlinfiltration of lactate solution on a quarterly basis. The gallery is recharged daily with de-oxygenated water. 

7. Assumes dosage rate for lactate=200 mg/L 

8. Assume 3 injection wells @8460 gal/(well*injection) at 1-1-2. 

9. Assume 3 injection wells @50,758 gal/(well*injection) at 1-1-23. 

10. Assume 6 wells at Repository operating at 8460 gal/(well*injection) 

11. Assume 3 wells south of Repository operating at 25,379 gal/(well*injection) 

h:\data\projects\4781\AL Tcost~R1.xls D-In situ Bio 
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OPINION OF PROBABLE COST • CRAB ORCHARD NWR - PCBOU - Sites 32/33 

MARION, ILLINOIS 

PROJECT NO. 4781.03 

REMEDIAL ALTERNATIVE "E" 

MULTIPLE-PHASE EXTRACTION WITH MNA AND LIMITED PHYTOREMEDIATION 

I COMMODITY CONSULTANT I 
UNIT UNIT$ QUANT. TOTAL COSTS COSTS 

DIRECT CAPITAL COSTS: 

Mobilization Is $10,000 $10,000 $10,000 $0 

Site preparation Is $6,000 $6,000 $6,000 $0 

Clearing and grubbing acre $4,000 0.25 $1,000 $1,000 $0 

MPE skid ea $25,000 4 $100,000 $100,000 $0 

Airstripper skid ea $20,000 2 $40,000 $40,000 $0 

Transfer pump and equalization tank ea $5,000 3 $15,000 $15,000 $0 

Control panel ea $15,000 3 $45,000 $45,000 $0 

Air-phase carbon - treatment systems ea $10,000 2 $20,000 $20,000 $0 

Air-phase carbon- transfer station ea $5,000 $5,000 $5,000 $0 

Liquid-phase carbon - treatment systems ea $15,000 2 $30,000 $30,000 $0 

Extraction well - vertical vf $60 3185 $191,100 $191,100 $0 

• Extraction well - horizontal If $150 1080 $162,000 $162,000 $0 

Extraction line piping- individual, 1" dia. If $3 2500 $7,500 $7,500 $0 

Extraction line piping -manifolded, 2" dia. If $4 1600 $6,400 $6,400 $0 

Discharge line piping If $6 2230 $13,603 $13,603 $0 

Utility trenching If $35 4750 $166,250 $166,250 $0 

Potable/seal water line If $13 1600 $21,360 $21,360 $0 

Wellheads ea $300 109 $32,700 $32,700 $0 

Mechanical connections hr $50 400 $20,000 $20,000 $0 

Electrical connections hr $60 300 $18,000 $18,000 $0 

Treatment building If wall $445 200 $89,000 $89,000 $0 

Transfer station If wall $445 80 $35,600 $35,600 $0 

Drill waste disposal cy $216 100 $21,600 $21,600 $0 

Site restoration Is $15,000 $15,000 $15,000 $0 

Limited Phytoremediation 

Vendor design fees Is $50,000 $50,000 $50,000 $0 

Pre-design/site prep Is $10,000 1 $10,000 $10,000 $0 

Hybrid poplar trees; procure & install acre $15,000 14 $210,000 $210,000 $0 

Contingency (15%) $201,317 $201,317 $0 

SUBTOTAL DIRECT CAPITAL COSTS $1,543,430 

INDIRECT CAPITAL COSTS: 

• Project management (10% of indirect capital c Is $271,949 $27,195 $0 $27,195 

Pre-design - Pilot Test Is $15,000 $15,000 $0 $15,000 
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Design (5% of direct capital costs) Is $1,543,430 1 $77,171 $0 $77,171 

Bidding (1% of direct capital costs) Is $1,543,430 1 $15,434 $0 $15,434 

Contracting (1% of direct capital costs) Is $1,543,430 1 $15,434 $0 $15,434 • Permitting (2% of direct capital costs) Is $1,543,430 1 $30,869 $0 $30,869 

Construction Observation/Documentation Is $1,543,430 1 $108,040 $0 $108,040 

(7% of direct capital costs) 

Documentation Report Is $10,000 1 $10,000 $0 $10,000 

SUBTOTAL INDIRECT CAPITAL COSTS $299,144 

Contingency ( 15%) $276,386 

SUBTOTAL DIRECT & INDIRECT CAPITAL COSTS $2,118,960 

STARTUP OM&M COSTS: (6 visits In 60 days following implementation) 

Labor visit $1,200 6 $7,200 $0 $7,200 

Monitoring equipment visit $300 6 $1,800 $0 $1,800 

Water sample analysis round $825 12 $9,900 $9,900 $0 

Off-gas analysis round $250 18 $4,500 $4,500 $0 

Data evaluation Is $1,500 1 $1,500 $0 $500 

Project management (10% of slu costs) Is $13,700 1 $1,370 $0 $1,370 

Documentation report Is $5,000 1 $5,000 $0 $5,000 

SUBTOTAL STARTUP OM&M COSTS $31,270 

lTOTAL CAPITAL & STARTUP OM&M COSTS $2,150,230 $1,557,830 1 $315,0141 

ANNUAL OM&M COSTS (YRS. 1 &2) 

Operation and maintenance labor visit $1,000 12 $12,000 $0 $12,000 

Monitoring equipment visit $150 12 $1,800 $0 $1,800 • Water sample analysis round $825 24 $19,800 $19,800 $0 

Off-gas analysis round $250 36 $9,000 $9,000 $0 

Data evaluation mo $600 12 $7,200 $0 $7,200 

Reporting qtr $5,000 1 $5,000 $0 $5,000 

Project Management hr $125 50 $6,250 $0 $6,250 

Equipment replacement mo $500 12 $6,000 $6,000 $0 

Carbon usage/replacement - air mo $1,000 12 $12,000 $12,000 $0 

Carbon usage/replacement - liquid yr $2,000 1 $2,000 $2,000 $0 

Groundwater monitoring - -- - - - -
labor for collection visit $0 $0 $0 

laboratory analysis ea $0 $0 $0 

Compliance Monitoring- S/A year $82,000 1 $82,000 $0 $82,000 

MNA Sampling -S/A year $60,000 1 $60,000 $0 $60,000 

Ltd. Phytoremediation maintenance acre $2,500 15 $37,500 $37,500 $0 

jSUBTOTAL ANNUAL OM&M COSTS (YRS. 1&2) $260,550 $48,8oo I s32,2so I 

ANNUAL OM&M COSTS (YRS. 3 - 30) 

Project Management hr $125 24 $3,000 $0 $3,000 

Compliance Monitoring- S/A year $82,000 1 $82,000 $0 $82,000 

MNA Sampling - S/A year $42,000 1 $42,000 $0 $42,000 

Ltd. Phytoremediation maintenance acre $2,500 15 $37,500 $37,500 $0 • 
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• 

SUBTOTAL ANNUAL OM&M COSTS (YRS 3-30) $164,500 $0 

I PRESENT WORTH OF ANNUAL COSTS 30 years@ 7%1 $2,215,000 

I TOTAL COSTS (TOTAL CAPITAL+ PRESENT WORTH ) $4,366,000 

-30% TOTAL COST"' 

+50% TOTAL COST= 

ASSUMPTIONS AND CLARIFICATIONS 

1. Cost totals rounded to the nearest thousand dollars. 

2. Costs detennined from vendor quotes, Means construction cost data. and estimates from other similar projects. 

3. Contingency is assumed to be 15% of total capital cost. 

4. Discount rate of 7.0% used for present worth estimate, per OSWER Directive No. 9355.3-20 (1993). 

5. All costs are based on preliminary concepts. They are intended for comparison among options. and not for final budgeting. 

6. Assume 1-1-2 consists of 25 wells drilled to a vertical depth of 25 ft and 2 horizontal wells of 140 ft adjusted length. 

7. 1-1-23 consists of 20 wells drilled to a vertical depth of 20ft and 2 horizontal wells of 100ft adjusted length. 

8. Repository consists of 44 wells drilled to a vertical depth of 40 ft and 2 horizontal wells of 240 ft adjusted length. 

9_ Assume 20 wells south of Repository drilled to a vertical depth of 20 ft. 

$3,000 

$3,057,000 

$6,549,000 

10. Assume 2 separate treatment systems: one at 1-1·2, and one encompassing 1-1-23, Repository, and s.of Repository (pump and transfer system only at 1-1·23) . 
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OPINION OF PROBABLE COST 

CRAB ORCHARD NWR • PCBOU - Sites 32/33 

MARION, ILLINOIS 

PROJECT NO. 4781.03 

REMEDIAL ALTERNATIVE "F" 

IN SITU PHYSICAUTHERMAL REMOVAL USING MITU WITH MNA AND LTD PHYTOREMED/A TION 

I UNIT 

DIRECT CAPITAL COSTS: 

Dewatering (CBA I Winzeler) 

Install dewatering casings 40' deep, 16" dia ea 

Labor, pumps & equipment mo 

Mobilization - GW treatment system (CBA) Is 

Mobile GW treatment system & frac tank mo 

Carbon regeneration lb 

Wellhead Completion ea 

Mobil./demob. - MITU-30 unit Is 

Thermal treatment w/ MITU-30 unit cy 

Thermal re-treatment w/ MITU-30 unit cy 

Misc. earthmoving/benching Is 

Multi-phase extraction system @ Repository 

Vertical extraction wells ft 
Horizontal extraction wells ft 

Trenching & piping ft 

Treatment equipment (LR pump, stripper, Is 

Installation (plumbing & electrical) Is 

Building w/ elec & HVAC Is 

Electrical service Is 

Control panel Is 

Site restoration Is 

Limited Phytoremediation 

Vendor design fees Is 

Pre-design/site prep Is 

Hybrid poplar trees; procure & install ·acre 

Contingency (25%) 

SUBTOTAL DIRECT CAPITAL COSTS 

INDIRECT CAPITAL COSTS: 

Proj. mg'mt/Scheduling hr 

Pre-design - MPE pilot test Is 

Pre-design-refine geo/chem characterization Is 

UNIT$ 

$3,500 

$70,000 

$16,000 

$8,000 

$5 

$750 

$120,000 

$70 

$70 

$25,000 

$25 

$50 

$40 

$50,000 

$25,000 

$35,000 

$5,000 

$10,000 

$15,000 

$50,000 

$10,000 

$15,000 

$125 

$15,000 

$30,000 

QUANT. 

12 

3 

3 

5000 

15 

26240 

13000 

1760 

450 

1000 

1 

4 

4 

4 

4 

14 

240 
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TOTAL 

$42,000 

$210,000 

$16,000 

$24,000 

$25,000 

$11,250 

$120,000 

$1,836,800 

$910,000 

$25,000 

$44,000 

$22,500 

$40,000 

$50,000 

$100,000 

$140,000 

$20,000 

$40,000 

$15,000 

$50,000 

$10,000 

$210,000 

$g9Q,388 

$4,951,938 

$30,000 

$15,000 

$30,000 

COMMODITY CONSUL TANTI 

COSTS COSTS 

$42,000 

$210,000 

$16,000 

$24,000 

$25,000 

$11,250 

$120,000 

$1,836,800 

$910,000 

$25,000 

$44,000 

$22,500 

$40,000 

$50,000 

$100,000 

$140,000 

$20,000 

$40,000 

$15,000 

$50,000 

$10,000 

$210,000 

$990,388 

$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 

$30,000 

$15,000 

$30,000 
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Design Is $50,000 1 $50,000 $0 $50,000 

Construction Management Is $75,000 1 $75,000 $0 $75,000 

Permitting Is $10,000 1 $10,000 $0 $10,000 • On-site observe/documentation day $1,000 75 $75,000 $0 $75,000 

Documentation Report Is $15,000 1 $15,000 $0 $15,000 

Administration Is $3,000 1 $3,000 $3,000 

Contingency (15%) $45,450 

SUBTOTAL INDIRECT CAPITAL COSTS $348,450 

SUBTOTAL DIRECT & INDIRECT CAPITAL COSTS $5,300,388 

STARTUP OM&M COSTS: (5 days to do initial gallery charges and injections) 

Labor days $1,000 5 $5,000 $0 $5,000 

Monitoring equipment days $200 5 $1,000 $0 $1,000 

Lab analysis 

Influent ea $165 10 $1,650 $1,650 $0 

Effluent ea $675 10 $6,750 $6,750 $0 

Off-gas (VOCs by T0-14) ea $250 10 $2,500 $2,500 $0 

Data evaluation Is $1,000 1 $1,000 $0 $500 

Proj. mg'mt hr $125 24 $3.000 $0 $3,000 

Reporting Is $5,000 1 $5,000 $0 $5,000 

Miscellaneous Is $1,000 1 $1,000 $0 $1,000 

SUBTOTAL STARTUP OM&M COSTS $26,900 

jTOTAL CAPITAL & STARTUP OM&M COSTS $5,327,288 $4,962,838 1 $318,5oo 1 • ANNUAL OM&M COSTS YEARS 1 & 2: 

O&M Labor days $1,000 5 $5,000 $0 $5,000 

O&M monitoring equipment days $200 5 $1,000 $0 $1,000 

Lab analysis 

Influent ea $165 10 $1,650 $1,650 $0 

Effluent ea $675 10 $6,750 $6,750 $0 

Off-gas (VOCs by T0-14) ea $250 10 $2,500 $2,500 $0 

Data evaluation Is $1,000 1 $1,000 $0 $500 

Proj. mg'mt hr $125 24 $3,000 $0 $3,000 

Reporting Is $5,000 1 $5,000 $0 $5,000 

Carbon regeneration (vapor) lb $2.50 2000 $5,000 $5,000 $0 

Utilities- electricity (50 hp, $0.07/KWH) mo $2,000 12 $24,000 $24,000 $0 

Miscellaneous Is $1,000 1 $1,000 $0 $1,000 

Compliance Monitoring - S/A year $82,000 1 $82,000 $0 $82,000 

MNA Sampling - 5/A year $60,000 1 $60,000 $0 $60,000 

Ltd. Phytoremediation maintenance acre $2,500 15 $37,500 $37,500 $0 

jSUBTOTAL ANNUAL OM&M COSTS (YRS. 1&2) $235,400 $77,4oo I $157,5oo 1 

ANNUAL O&M COSTS (YRS. 3 - 30) 

Proj. mg'mt hr $125 24 $3,000 $0 $3,000 

Compliance monitoring - S/A year $82,000 1 $82,000 $0 $82,000 • 
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• MNA Sampling (annually) year $42,000 1 $42,000 $0 $42.000 

Ltd. Phytoremediation maintenance acre $2,500 15 $37,500 $37,500 $0 

!SUBTOTAL ANNUAL OM&M COSTS (YRS. 3·30) $164,500 $37,soo 1 s127,ooo 1 

I PRESENT WORTH OF ANNUAL COSTS 30 years@ 7 % 1 $2,17o.ooo 

I TOTAL COSTS (TOTAL CAPITAL PLUS PRESENT WORTH) 1 $7 ,49a.ooo 

-30% TOTAL COST= $5,249,000 

+50% TOTAL COST= $11,247,000 

ASSUMPTIONS AND CLARIFICATIONS 

1. Cost totals rounded to the nearest thousand dollars. 

2. Costs iletennined from vendor quotes, Means construction cost data, and estimates from other similar projects. 

3. Contingency is assumed to be 25% of total capital cost due to uncertainties with dewatering and MITU treatment effectiveness. 

4. Discount rate of 7.0% used for present worth estimate, per OSWER Directive No. 9355.3-20 (1993). 

5. All costs are based on preliminary concepts. They are intended for comparison among options, and not for final budgeting. 

6. Assumes equal treatment depth of 35ft for all areas, except at Repository. where MPE will be implemented. 

7. Assumes 6 months of dewatering and treatment time for MITU. 

8. Assumes MPE system at Repository with 44 vertical wells and 2 horizontal wells to operate 2 years. 

9 Assumes refined geologic and chemical charactenzation. using direct-push technology. as a pre-design requirement. 

• 

• 
h:\data\projects\4781\ALTcost_R1.xls F-In situ Thermal· MITU Page 3 

!·-F1 




