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1.0 INTRODUCTION 

This Sampling and Analysis Plan (SAP) has been prepared to provide site-specific information 
regarding investigation activities planned for June 2012 at the Troy Mills Landfill Superfund Site 
(Site) located in Troy, New Hampshire. This SAP has been prepared consistent with and with 
references to the current New Hampshire Department of Environmental Services (NHDES) 
Hazardous Waste Remediation Bureau (HWRB) Master Quality Assurance Project Plan (Master 
QAPP), United States Environmental Protection Agency (EPA) RFA#08036, available on the 
NHDES website.1  The HWRB Master QAPP generally describes the data quality objectives 
(DQOs), analytical procedures and measurements (including laboratory quality-control protocols 
necessary to achieve DQOs), and data-assessment procedures for the evaluation and identification 
of any data limitations.   

The June 2012 investigation activities addressed in this SAP including the following: 

Laser Induced Fluorescence (LIF) subsurface investigation designed to provide additional 
data relative to the distribution of the residual subsurface LNAPL impacted soil and 
source area;   

Membrane Interface Probe (MIP) and Hydraulic Profiling Tool (HPT) subsurface 
investigation designed to collect data relative to groundwater quality and soil hydraulic 
properties in the area of the groundwater monitoring wells referred to as the “800 series” 
wells; 

LNAPL elevation monitoring from select locations within the LNAPL interceptor; and 

Installation of a new monitoring well to provide groundwater quality data proximate to 
the wetland /LNAPL interface area. 

This SAP includes sampling and monitoring locations, procedures and protocols, any 
investigation-specific DQOs, quality assurance sampling and documentation, and other project 
requirements.  Any deviations from the procedures contained within this SAP shall be approved 
by the NHDES Project Manager and the Quality Assurance (QA) Coordinator in advance, 
following concurrence with EPA. 

1.1 SITE DESCRIPTION AND BRIEF HISTORY 

The Site is a two-acre former drum disposal area in Troy, New Hampshire (Cheshire County) 
located about 1.5 miles south of the Center of Troy (refer to Figure 1).  The two-acre Site is 
located in the southeastern corner of a 270-acre parcel, which also includes a solid waste landfill. 
Access to the Site is via the Department of Resources and Economic Development trail (former 
railroad) and a private gravel pit road off Rockwood Pond Road in Fitzwilliam, New Hampshire. 

Troy Mills, Inc. disposed of hazardous substances that were generated at its acrylic fabric 
manufacturing facility in Troy between 1967 and 1978.  An estimated 6,000 to 10,000 55-gallon 
drums of waste liquid and sludge containing mostly plasticizers such as 
bis(2-ethylhexyl)phthalate and a petroleum-based solvent known as VarsolTM were disposed of in 

1 http://des.nh.gov/organization/divisions/waste/hwrb/documents/hwrb_master_qapp.pdf 

http://des.nh.gov/organization/divisions/waste/hwrb/documents/hwrb_master_qapp.pdf
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this area.  Other drummed waste included pigments, surplus mixes, and tank residuals of vinyl 
resins, paint resins, and top coating products.  Between 1979 and 2005, several investigations of 
the Site have occurred.  Investigation findings identified volatile organic compounds (VOCs), 
semi-VOCs, and inorganics in groundwater, leachate, surface soil, surface water, and sediment in 
and around the drum disposal area. 

In September 2003 the Site was listed on the National Priorities List and a time-critical removal 
action was initiated.  Between 2004 and 2005, the EPA completed a drum and flammable liquid 
removal and contaminated soil/sludge removal action; constructed three light non-aqueous phase 
liquid (LNAPL) interceptor trenches; and constructed a 2-foot-thick permeable soil cap over the 
excavation area.  A subsequent remedial investigation of the Site by EPA identified a plume of 
groundwater contamination consisting of organic contaminations (alkylbenzenes, chlorinated 
solvents, phthalates, and toluene).  It was concluded that the contaminants of concern were 
naturally biodegrading and that removal of the buried drums eliminated the primary source of 
on-going contamination to groundwater. 

Pursuant to the September 30, 2005 Record of Decision (ROD) for the Site, the selected remedy 
for contaminated groundwater, LNAPL, and residual soil contamination included several 
remedial action components: 

y Maintenance of the LNAPL interceptor trenches; 

y Maintenance of a permeable soil cap; 

y Monitored natural attenuation (MNA) of groundwater contaminants including the 
monitoring of groundwater, surface water, sediment, leachate, and wetlands; 

y Institutional controls; and 

y Five-year reviews. 

1.2 SUMMARY OF SITE HYDROGEOLOGY 

Based on information collected by others, bedrock underlying the Site is comprised of biotite 
schist of the Littleton Formation.2 The biotite schist at the Site is typically dark gray, hard, 
folded, with high angle foliation and fractures, and quartz veins.  Seams of granite, quartz, and 
pegmatite are also present within the schist.  Bedrock fractures have been identified trending both 
northeast and northwest. 

The overburden primarily consists of a sand unit, ablation till, and lodgment till. The sand layer 
is typically less than 6 feet in thickness where it remains in place and is mostly saturated in the 
low area west of the access road.  The ablation till is at its thickest beneath the southwestern part 
of the former drum disposal area, where it is up to 40 feet thick.  This unit gradually thins toward 
Rockwood Brook, where it is less than 10 feet thick, and is very thin to absent near the eastern 
edge of the former drum disposal area where the bedrock is shallow.  The lodgment till is thickest 
at the bottom of the valley floor near Rockwood Brook, where boring logs indicate a thickness of 
greater than 35 feet.  This till unit thins eastward toward the eastern edge of the former drum 
disposal area. 

2 Final Feasibility Study, Troy Mills Landfill Superfund Site, Troy, New Hampshire, prepared by Metcalf & 
Eddy, Inc., dated September 2005. 
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Groundwater flow in the shallow overburden has been measured by others to be to the west or 
northwest, toward Rockwood Brook.  The hydraulic gradient is reportedly quite steep to the east 
of the access road, reflecting the low permeability of the till deposits in which the water table 
occurs. It has been concluded that the vertical gradients are generally downward or neutral 
except in areas where groundwater is rising to discharge into a stream or wetland. 

1.3 BRIEF SUMMARY OF PREVIOUS INVESTIGATIONS AND 
CONTAMINANTS-OF-CONCERN 

From 1979 to the present, numerous investigations have been conducted and are described in 
greater detail within the Final Feasibility Study (FS), prepared by Metcalf & Eddy, Inc. (M&E), 
dated September 2005.  Included below is a summary of some of the information from the 
investigation history as provided in the 2005 FS: 

“Under the State hazardous remediation program, consultants to TMI completed a 
Phase I investigation of the drum disposal area in August 1981, a Phase II in 
December 1981, a Phase III in July 1982, and entered into a Consent Agreement with 
NHDES in January of 1985 (Weston, 2003). The Consent Agreement required TMI to 
submit a Waste Analysis Plan, a Preliminary Risk Assessment, a Remedial 
Investigation/Feasibility Study, and an engineering design of the selected remedial 
alternative.  The Preliminary Human Health Risk Assessment, completed in March 1986, 
concluded that a Level 2 Risk Assessment should be conducted since concentrations of 
VOCs in groundwater showed potentially elevated risk.  The RI was initiated in 1987, 
and the risk assessment was completed in 1991 (Weston, 2003). 

“Although the risk assessment concluded that risk to human health was negligible, it was 
later determined that the Site had not been thoroughly characterized.  The Phase I 
Pre-Design study, conducted in 1995, revealed LNAPL in newly-installed wells, a 
leachate outbreak, and subsequent analyses indicated that concentrations of contaminants 
in groundwater exceeded the New Hampshire Ambient Groundwater Quality Standards 
(AGQS) (Weston, 2003).  The Pre-Design study recommended a containment remedy 
and further evaluation of the potential for intrinsic remediation of site groundwater 
(GEI Consultants, Inc., 1995). 

“The Phase II Pre-Design report issued in September 1998 proposed the installation of a 
hanging slurry wall combined with product collection and a flow-through (intrinsic) 
treatment gate downgradient of the buried drum area and the leachate outbreak. In 
addition, the NHDES questioned the conclusion made by the consultant that only a small 
percentage of the drums remaining in the drum disposal area were still intact and 
contained liquid.  Instead, the NHDES supported a containment-based remedial action, 
and in April 2000 agreed to a modified version of a containment-based remedial action 
originally proposed in 1995 with the condition of commitment by TMI to long-term 
operation, maintenance, and monitoring (Weston, 2003). 

“In September 2000, TMI requested to defer remediation of the drum disposal area to 
2003/2004 due to unfavorable corporate and financial market conditions.  In 
December 2000, NHDES approved the deferral schedule provided in September, based 
on the remote location of the Site, combined with monitoring data that did not suggest an 
imminent and substantial threat to public health or the environment.  TMI filed for 
Chapter 11 bankruptcy on November 2, 2001. 
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“At the request of the State, since 2002, the EPA Superfund Technical Assessment and 
Response Team (START) and Emergency and Rapid Response (ERRS) contractors have 
conducted removal actions at the Site.  Initial activities conducted as part of the removal 
actions included the construction of LNAPL interceptor trenches downgradient of the 
drum disposal area, removal of nine 55-gallon drums of hazardous waste solids and 
non-Resource Conservation Recovery Act (RCRA) regulated materials, installation of a 
fence along the access road, re-grading of the access road and construction of additional 
access roads, installation of eight additional monitoring wells and piezometers, 
installation of sorbent booms at several locations to temporarily contain leachate 
outbreaks, slug tests on five site monitoring wells, construction of a berm along the 
access road upgradient of the leachate interceptor trenches to divert stormwater runoff, a 
preliminary assessment and site investigation, and an expanded site investigation. 

“Between July and November 2004 the EPA START and ERRS contractors excavated 
and removed 7,692 55-gallon drums from the 2-acre drum disposal area.  In addition, 
29,924 gallons of flammable liquid waste and 26,244 tons of contaminated soil, 
3,099 cubic yards of waste sludge, as well as shredded drums have been removed from 
the Site (EPA, 2004b).  Excavated soil was field screened and soil that did not exceed 
screening standards was used to backfill the excavation.  Removal and off-site disposal of 
additional contaminated soil and placement of a permeable cover, consisting of 2 feet of 
clean soil, and re-vegetation is occurring during the summer of 2005. 

“In July 2004, EPA's Superfund Remedial Program retained M&E under the RAC 
contract to initiate a remedial investigation to determine if any additional remedial 
actions would be needed after the completion of the removal action.  The RI documented 
the nature and extent of residual contamination and evaluated risks to human health and 
the environment from any current or expected future exposures to residual contamination. 
Five additional wells were installed at the Site and groundwater, surface water, soils, and 
sediments were sampled in December of 2004. 

“The RI report was completed in July 2005 and documented a plume of groundwater 
contamination, approximately 8-9 acres in size.  Organic contaminants such 
alkybenzenes, chlorinated solvents, phthalates, and toluene were identified as the primary 
contaminants-of-concern.  The RI concluded that most of the contaminants-of-concern 
were biodegrading naturally and that by removing the drums, the source was removed...” 

The 2005 FS included the establishment of remedial action objectives and preliminary 
remediation goals; identification and screening of potential treatment and containment 
technologies, and the development and evaluation of remedial alternatives for the Site.  It was 
concluded by M&E that the primary contaminants posing human health risks and hazards were 
bis(2-ethylhexyl)phthalate in leachate and various organics and inorganics in groundwater. 

The first statutory five-year review was completed by EPA in September 2010 to document the 
status of the selected remedy relative to it being protective of human health and the environment. 
The trigger for the five-year review was the initiation of the ROD-specified cleanup actions 
completed in the fall of 2005.  The five-year review documented that the remedy was currently 
protective of human health and the environment as envisioned by the ROD. However, in order 
for the remedy to be considered protective over the long term, the following actions 
were recommended: 
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With regard to effectiveness of institutional controls at the Site, report violations and 
vandalism to the State and the Town for response with appropriate follow-up monitoring 
and enforcement actions. Repair damaged wells with new locking caps, post warning 
signs at the inner gate and former drum disposal area, and consider fencing the former 
drum disposal area to restrict access by all terrain vehicles; 

Conduct a supplemental investigation of the residual LNAPL source area and further 
evaluate effectiveness of the LNAPL interceptor trenches in capturing remaining 
LNAPL;  

Perform supplemental hydrogeologic studies to confirm hydrostratigraphy and the 
contaminant of concern fate and transport in groundwater to confirm the effectiveness of 
the MNA management of migration remedy at the Site and to better forecast time to clean 
up; and 

Perform a hydrologic evaluation within the transition zone between groundwater and 
surface water in the Rockwood Brook Wetland Study area and Rockwood Brook. 
Review existing data from nearby groundwater monitoring wells relative to appropriate 
benchmark ecological risk screening values applied to receptor exposures within the 
ground water – surface water transition zone. 

Included as an appendix to the five-year review is GZA’s “June 2009 Through June 2010 
Sampling Data Report” (Data Report) for the Site.  This Data Report summarizes the 2009-2010 
monitoring activities, data results, and GZA’s conclusions and recommendations regarding the 
findings. Refer to the report text for specific information. 

Supplemental investigations were performed in the fall 2010 and during 2011 based on the 
conclusions and recommendations of both the five-year review and the Data Report.  The 
supplemental investigations were designed to further investigate LNAPL distribution within the 
interceptor trench area; well replacement; and installation of additional monitoring wells to 
investigate the elevated groundwater concentrations in the area of well TRY_MW-205.  These 
activities are summarized below: 

1.3.1 LNAPL Investigations 

GZA observed the advancement of eight test borings (TRY_MW-C1S through 
TRY_MW-C8S) by Expedition Drilling (Expedition) using an all-terrain vehicle (ATV) drill rig 
between November 16 and 19, 2010 (refer to Figure 1 for an illustration of the well locations). 
The test borings were completed with shallow overburden LNAPL monitoring wells (2-inch 
polyvinyl chloride [PVC] wells). The rationale for well installation was to investigate whether 
LNAPL is accumulating on the upgradient side of Trench C.   

During the drilling of the wells, soil samples were collected and screened with a photoionization 
detector (PID) for total volatile organic compounds (VOCs).  Based on the known depth of 
LNAPL in well TRY_MW-201S, the VOC headspace samples were collected at 1-foot 
increments starting at least 2 feet above where the LNAPL depth was expected to be.  Four of the 
eight wells had elevated PID total VOC readings as follows: 

Well TRY_MW-C1S (590 parts per million [ppm] at 8 feet below ground surface [bgs]); 

Well TRY_MW-C5S (351 ppm at 6 feet bgs); 
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Well TRY_MW-C7S (922 ppm at 8 feet bgs); and  

Well TRY_MW-C8S (704 ppm at 12 feet bgs). 

The LNAPL monitoring wells were designed to span the water table and smear zone and 
extended to a maximum depth of 15.6 feet bgs using hollow stem auger drilling methods (refer to 
the “Fall 2010 – Summer 2011 Summary Report” for the well completion logs).   

GZA observed drilling activities and field screened overburden soil samples using a PID.  No soil 
samples were submitted for laboratory analysis.   

The new LNAPL observation wells were allowed to equilibrate for two weeks prior to the 
LNAPL thickness measurements made on November 29, 2010.  A second round of LNAPL 
measurements were collected from the newly-installed monitoring wells on June 6, 2011 as part 
of the June 2011 Site monitoring activities. The LNAPL monitoring data indicated that LNAPL 
was collecting in the area upgradient of Trench C. 

The LNAPL was further investigated using Laser Induced Florescence (LIF) technology on 
September 9 through September 11, 2011 in accordance with the August 2011 LNAPL 
Investigation Work Plan approved by the NHDES and EPA Region 1.  The LNAPL-impacted soil 
was identified in the interceptor trench area on site and is documented in a December 20, 2011 
technical memorandum titled “Summary of LNAPL Investigation, Troy Mills Landfill Superfund 
Site.” The Geoprobe rig (GeoSearch, Inc.) was unable to investigate the suspected LNAPL 
source area located in or near the former drum disposal area due to subsurface resistance created 
by the buried liner. 

1.3.2 Well Replacement 

GZA observed the advancement of three test borings (TRY_MW-501X, TRY_MW-508X, 
and TRY_MW-702SX) by Expedition using an ATV drill rig from November 19 to 27, 2010 
(refer to Figure 1 for an illustration of the well locations).  An attempt was also made to replace 
TRY_MW-301X.  This was unsuccessful due to landfill material binding the augers and 
preventing advancement; however, the well was replaced in the spring 2011.  The test borings 
were completed with shallow overburden groundwater monitoring wells (2-inch PVC wells).  

Each monitoring well was designed to span the water table with a 5- to 10-foot screen, and 
extended 7 to 12 feet bgs using hollow stem auger drilling methods (refer to the “Fall 2010 – 
Summer 2011 Summary Report” for the well completion logs).  Soil samples and field readings 
were not collected during boring advancement.  Although the drilling depths for the new 
monitoring wells were restricted by refusal in these locations, sufficient increased water columns 
were obtained for bladder pump sampling in the June 2011 monitoring round. 

GZA observed the advancement of replacement test boring (TRY_MW-301X) by Boart Longyear 
using a track-mounted Sonic BL 100C drill rig during May 2 to 5, 2011. TRY_MW-301 was 
closed by grouting using a tremie pipe.  The test boring was completed with a shallow overburden 
groundwater monitoring well (2-inch PVC well). 
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1.3.3 Groundwater Investigation in the Area of Well TRY_MW-205 

GZA observed the advancement of five new test borings (TRY_MW-801 through 
TRY_MW-805) by Boart Longyear using a track-mounted Sonic BL 100C drill rig from May 2 
to May 5, 2011 (refer to Figure 1 for an illustration of the well locations).  The test borings were 
completed with shallow overburden groundwater monitoring wells (2-inch PVC well). The 
rationale for well installation was to investigate groundwater quality related to unexpected 
contaminant groundwater concentrations identified at well TRY_MW-205.   

The monitoring wells were designed to be screened below the water table so that they would meet 
the low flow sampling criteria for well construction. A sonic drilling method (refer to the “Fall 
2010 – Summer 2011 Summary Report” for the well completion logs) was used to advance the 
borings.  The depth of the well screens was based on a combination of setting the new well 
screens near the same elevation as the well screen at TRY_MW-205; groundwater table 
observations; and bedrock depths causing drilling refusal.  

Sonic drilling soil samples were obtained at standard 5-foot vertical sampling intervals within the 
overburden using a soil core sleeve.  GZA observed drilling activities and field screened 
overburden soil samples in each sample sleeve using a PID.  Soil consisted of between 16 feet 
and 30 feet of interbedded landfill cloth material and sand, underlain by glacial till characterized 
as brown to gray, fine to medium sand with varying amounts of silt and gravel.  Elevated PID 
readings were encountered at locations TRY_MW-803 (1530 ppm at 25 to 26 feet bgs surface) 
and TRY_MW-804 (1600 ppm at 27 to 29 feet below ground surface).  No elevated PID readings 
were encountered at the remaining well locations.  No soil staining or odors were noted during 
drilling.  The soil appeared to be fill / sand material used to fill-in the former drum excavation 
area. 

1.4 INTERIM CLEANUP LEVELS AND AMBIENT GROUNDWATER QUALITY 
STANDARDS 

Interim Cleanup levels (ICLs) for contaminants of concern were established in the ROD for 
groundwater.  Groundwater data results will also be compared against AGQS included in 
Env-Or 600.  Refer to the table below for a summary of the contaminants of concern and the 
associated ICLs and AGQS for groundwater. Soil analytical results will be compared to Soil 
Remediation Standards included in Env-Or 600.  Refer to attached Table 1 for a summary of the 
test methods and the site media including respective laboratory reporting detection limits (RDLs) 
and action limits being performed on groundwater and soil media as part of the June 2012 
investigation activities at the Site.  

Contaminant of Concern ROD ICLs ( g/L) 
NH AGQS (μg/L) 

(Updated to Env-Or 603.03 ) 

Groundwater 
1,4 Dioxane 3 3 

Benzene 5 5 
Tetrachloroethene 5 5 

Trichloroethene 5 5 
Vinyl Chloride 2 2 

Benzo(a)pyrene 0.2 0.2 
benzo(b)fluoranthene 0.05 0.05 
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Contaminant of Concern ROD ICLs ( g/L) 
NH AGQS (μg/L) 

(Updated to Env-Or 603.03 ) 
bis(2-Ethylhexyl)phthalate ( also 

known as di [2­
ethylhexyl]phthalate (DEHP) 6 6 

Dibenzo(a,h)anthracene 0.01 0.1 
Pentachlorophenol 1 1 

1,2,4-Trimethylbenzene 50 330 
1,3,5-Trimethylbenzene 50 330 

2-Butanone 170 4,000 
P-Isopropyltoluene 50 260 

cis-1,2 Dichloroethene 70 70 
n-Butylbenzene 50 260 

n-Propylbenzene 50 260 
Tetrahydrofuran 154 154 

Toluene 1,000 1,000 
Naphthalene 20 20 

Arsenic 10 10 
Boron 620 620 

Manganese 300 840 
Notes: 

g/L = micrograms per liter
 
ROD ICLs = Interim Cleanup Levels found in the ROD 

AGQS = New Hampshire Ambient Groundwater Quality Standards
 

1.5 DATA QUALITY OBJECTIVES 

Performance acceptance criteria for all new laboratory data generated for this project will be 
based on principal Data Quality Indicators including precision, bias, representativeness, 
completeness, comparability, and sensitivity.  Consistent with the HWRB’s QAPP, Section 1.4, 
for data generated by the NHDPHS and ESS laboratories the method detection limits (MDLs) and 
the RDLs established by the laboratories have been accepted for use on this project. Table 1 
includes a summary of the test methods being performed by the laboratories and the associated 
RDLs for the contaminants of concern for the June 2012 investigation. The MDLs have not been 
included in Table 1 as all the RDLs are below the action limits established for the Site, with the 
exception of a few compounds.  For those specific compounds identified, as the concentrations of 
Site contaminants approach the action limits, an evaluation of the need for alternative test 
methods that could achieve the necessary RDLs will be conducted. 

Comparability is the extent to which data from one data set can be compared directly to similar or 
related data sets and/or decision-making standards.  Data comparability will be achieved by 
continuity of laboratory practices, method analysis, sample collection procedures and sample 
handling.  Any deviations from the procedures contained within this SAP shall be approved by 
the NHDES in advance, following concurrence with EPA. 

Completeness is considered to be the percentage of planned data collection that has to be 
complete in order to be considered sufficient for the intended use.  The goal is to achieve a 
minimum of 90 percent (%) data completeness for analyzed samples.  At this time there are no 
samples that are considered critical. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

NHDES and EPA have entered into a Cooperative Agreement to implement the requirements of 
the September 30, 2005 ROD.  NHDES serves as the lead State regulatory agency providing 
direct oversight for the remedial action at the Site.  GZA has been retained by NHDES to provide 
remedial consulting services for the project. 

Within GZA, Mr. Steven R. Lamb will be responsible for the overall contract management and 
ensuring that established protocols and procedures are adhered to.  Mr. Michael Asselin will be 
responsible for the management of day-to-day activities, staff scheduling, and assuring that the 
technical objectives are achieved.  Ms. Amy Doherty will be the designated Quality Assurance 
Officer for the project.  In this role, Ms. Doherty will oversee all quality assurance (QA) aspects 
of the project including development of the SAP and data validation reports to confirm that data 
quality documentation is appropriate and that QA goals have been met. 

The project organizational chart located in Appendix A illustrates the roles and responsibilities of 
those individuals involved in the project, and their different organizations related to the proposed 
investigation. 

3.0 TASK DESCRIPTIONS - FIELD MONITORING AND SAMPLING PROTOCOL 

The following subsections discuss general methodology for performing sampling and analysis as 
part of the overall field activities including specific sampling procedures and data management 
requirements that will be implemented during the investigation effort using LIF / geoprobe soil 
sampling and MIP / HPT / geoprobe groundwater sampling.  Field activities will be conducted in 
accordance with this SAP, unless Site conditions require modifications.  Any modifications shall 
be approved by NHDES in advance, following concurrence with EPA. 

The laboratory analysis to be performed in support of this investigation has two goals: 

Contaminant characterization: VOCs, semivolatile organic compounds (SVOCs) (base 
neutrals); and  

Treatability characterization to provide information for evaluating the feasibility of 
remedial options in the future for LNAPL impacted soils: metals (iron [Fe], chromium 
[Cr], manganese [Mn] and selenium [Se]), Total Petroleum Hydrocarbon / diesel range 
[TPH / DRO], carbonate alkalinity, specific conductance, Oxidation Reduction Potential 
[ORP] and Chemical Oxygen Demand [COD].     

It is important to maximize the time between the collection of the MIP / HPT scanning data, and 
the subsequent groundwater quality sample, to reduce the influence of the injection of water by 
the HTP tool. The planned order of field events are as follows (summary information is also 
presented in this section for each activity to help explain the interrelationships between the tasks. 
More detailed information follows this section.): 

Measurement of the LNAPL thickness in LNAPL monitoring wells near the interceptor 
trench area.  The LNAPL level measurements will be an update on the LNAPL thickness 
trend data; 
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Measurement of the depth to groundwater at select monitoring wells located in the former 
drum disposal area (TRY_MW-101; TRY_MW-205; TRY_MW-601S; TRY_MW-602S; 
TRY_MW-801; TRY_MW-802; TRY_MW-803; TRY_MW-804; and TRY_MW-805). 
The depth to groundwater information will be used to determine the depth of pilot 
borings being advanced using the sonic drill rig as discussed below;   

Completion of up to 20 pilot borings (10 pilot borings for LIF scanning and 10 pilot 
borings for MIP / HPT scanning).  Prior geoprobe attempts in the former drum disposal 
area have not been successful due to the inability of the geoprobe to penetrate the buried 
liner material and the subsurface intervals of buried cloth material located above the 
groundwater table.  A sonic drill rig will be used to advance pilot borings to within 3 feet 
above the estimated groundwater table depth at each subsurface investigation location. 
Upon completing each borehole, the drill cuttings (minus liner / cloth material) will be 
placed back in the borehole to provide proper casing support for subsequent geoprobe 
advancement, with the exception of the top 15 feet which will be filled with 
non-cement-based bentonite.  Waste liner and cloth material will be drummed and 
removed from the Site. The purpose of the bentonite filling is to reseal the liner area in 
the event the liner was penetrated.  Based on the anticipated pilot boring production rate, 
it is necessary to start drilling the pilot borings two days prior to beginning the geoprobe 
work in order to avoid incurring geoprobe standby time.  The location of the initial pilot 
borings will be selected based on groundwater quality data from the June 2011 
groundwater monitoring round and the LIF data obtained in September 2011;    

Perform MIP / HPT scanning of the groundwater at ten locations below the pilot boring 
depth (using a geoprobe modified with MIP / HPT sensors) in the general area of, and 
downgradient of, well TRY_MW-205 to assess VOC groundwater contamination which 
has been observed in the groundwater monitoring program. The MIP is a screening tool 
used to identify depths at which VOC contamination is detected.  It performs continuous 
“measurements” of VOCs in subsurface groundwater / soils.  The MIP “measurements” 
are relative indications of the presence of VOCs, not actual concentration measurements. 
Volatile chemicals adjacent to the probe diffuse across a heated membrane and are 
analyzed by detectors at ground surface.  The MIP probe setup will also contain a HPT to 
evaluate the hydraulic behavior of subsurface soil.  The HPT tool is advanced above the 
MIP sensor at a constant rate while water is injected through a screen on the side of the 
HPT tool (water is typically injected at a rate of less than 300 ml per minute).  An inline 
pressure sensor measures the pressure response of the soil to the water injection.  The 
pressure response indicates the relative ability of the soil to transmit water.  Both the 
pressure and the flow rate are logged versus depth in real time.  It is planned to perform 
the MIP / HPT investigation prior to the LIF investigation and perform groundwater 
sampling last to minimize the dilution effect of the water injected into the soil by the HPT 
tool. The real time data collected from the MIP / HPT tools will be used to determine 
which MIP locations will have groundwater sampling performed and to determine the 
depth of the groundwater sampling;    

Perform LIF scanning at 10 locations below the pilot boring depth (using a geoprobe 
modified with a LIF sensor) to identify the depth / thickness of LNAPL-impacted soil 
with the intent of identifying the LNAPL source area in the former drum disposal area. 
The LIF is used to delineate the depth and horizontal extent of free product and residual 
petroleum contamination.  The fiber-optic-based fluorescence system is deployed with 
geoprobe equipment.  LIF systems use a laser to send pulses of monochromatic light 
down a fiber optic line to a probe where the light is emitted and excites any polycyclic 
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aromatic hydrocarbon- (PAH-) containing compounds in the subsurface, causing them to 
fluoresce with a characteristic wavelength signature. The induced fluorescence from the 
PAHs is returned over a separate fiber optic line to the surface where it is quantified 
using a wavelength detector system.  The peak wavelength and intensity provide 
information about the type of petroleum product or potential interferences.  LIF scanning 
will start at the bottom of the pilot hole (after traveling down the pilot soil boring).  The 
LIF scanning will be stopped 3 feet below where the LIF stops detecting 
LNAPL-impacted soil or if no LNAPL-impacted soil is detected, the LIF scanning will 
stop 5 feet below the groundwater table.  The LIF field results will be used as they are 
generated to assist in locating additional LIF investigation locations where pilot soil 
borings will be needed.  The LIF results will also be used to determine which LIF 
locations will have soil sampling performed and determine the depth of the soil sampling 
interval.  The LIF signal response strength will indicate whether higher LNAPL 
concentrations are being encountered as the LNAPL is followed to a source (the signal 
strength increases with higher concentrations); 

In some instances, LIF scanning may be conducted in the pilot borings designated for 
MIP/HPT screening, prior to this screening being conducted, in order to maximize the 
use of the pilot borings in the vicinity of the LIF investigation; 

Perform soil sampling using a geoprobe.  Soil samples may be taken prior to performing 
the LIF scan in the event that the soil type is expected to leave a void when the geoprobe 
tool is withdrawn.  It is anticipated that a total of ten subsurface soil samples will be 
collected to further evaluate soil quality in the interceptor trench area and the former 
drum disposal area.  Four of the soil samples are planned for the interceptor trench area 
(LIF locations A4, A8, A11 and A28, (see Table 7 for initial guidance and Figure 1). 
Six additional samples are anticipated to be collected in the former drum disposal area 
(locations to be determined based on the planned LIF scanning results).  Although the 
geoprobe sampling tube will be 4 feet long, the soil sampling interval of interest will be 
less as determined by the LIF data.  For example, the soil sampling interval of interest at 
location A4 is 1.8 feet (see Table 7). See Section 3.1.6 for discussion on soil sample 
collection.  The soil samples will be analyzed for VOCs, SVOCs (base neutral 
compounds), carbonate alkality, specific conductance, oxidation reduction potential 
(ORP), chemical oxygen demand (COD), total petroleum hydrocarbons (TPH) and metals 
(iron, chromium, manganese and selenium).  The soil analytical data will be compared to 
Soil Remediation Standards included in Env-Or 600 and used to evaluate remedial 
options for the LNAPL contaminated soil;   

Install a PVC groundwater monitor well (1.5-inch diameter) at LIF location A28 (see 
Figure 1) in the interceptor trench area using the geoprobe rig.  The purpose of installing 
a groundwater monitoring well at this location is to provide monitoring data on the 
quality of groundwater in advance of the discharge to the wetland from the LNAPL 
impacted soil.  It will also serve as a sentry point to monitor whether free product is 
migrating into the wetland.  The well will be developed as part of the June 2012 
investigation field activities;  

Grouting the top 15 feet of the geoprobe holes used for the LIF scanning and MIP 
scanning (but not selected to be used for groundwater sampling);  

Perform overburden groundwater sampling using a geoprobe and a Wattera hand pump. 
It is anticipated that a total of five groundwater samples will be collected in the former 
drum disposal area using the MIP / HPT field data to determine sampling locations and 
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depth (see Table 8 for initial guidance).  It is anticipated that the MIP / HPT data will 
indicate the subsurface depth locations where the total VOC concentrations are the 
highest and the groundwater flow is most pronounced. See Section 3.1.5 for discussion 
on groundwater sample collection. The groundwater analytical data will enhance the 
understanding of the groundwater contamination migrating from the area of well 
TRY_MW-205 and provide a basis for where to locate the proposed future overburden 
groundwater monitoring wells (and well screen depths) to monitor downgradient 
contamination migrating from the TRY_MW-205 area; and 

Grouting the top 15 feet of the geoprobe holes used for MIP/HTP scanning and for 
sampling the groundwater. 

Note that specific field equipment required to complete a task, in addition to instrument 
calibration requirements, are included in GZA’s standard operating procedures (SOPs) included 
in Appendix B and are referenced as appropriate below. 

The following tables and figure refer to the sample types to be collected: 

Table 1 lists the analytical test methods, laboratory reporting detection limits, and regulatory 
action limits that pertain to the LIF based geoprobe soil sampling and the MIP based geoprobe 
groundwater sampling described by this SAP.   

Table 2 refers to the proposed locations to be sampled, their respective designations, media types, 
sampling frequency, parameters to be sampled, and the rationale for selecting the sampling 
location.  The sampling locations designated by “SO-B#” or “GW-C#” are place holders 
reflecting the number of samples to be collected; however, the field results of the LIF and MIP / 
HPT investigations will determine which locations are actually sampled.    

Table 3 refers to specific analytical methods, sample volume, containers, preservatives, and hold 
time requirements for the groundwater and soil samples to be collected.    

Table 4 refers to monitoring well construction information, which includes well diameter, 
geologic unit the well is screened within, screen interval depth, etc.  The well information is 
provided in this SAP as a reference tool for field staff working near a monitoring well during the 
June 2012 investigation.   

Table 5 refers to the specific quality control (QC) sampling requirements for the June 2012 
investigation activities. 

Table 6 is a cross-reference table for groundwater samples that identifies the sampling locations 
and the specific parameters being analyzed at each location. The sampling locations designated 
by “SO-B#” or “GW-C#” are place holders reflecting the number of samples to be collected; 
however, the field results of the LIF and MIP / HPT investigations will determine which locations 
are actually sampled.    

Table 7 summarizes the proposed LNAPL soil sampling locations. 

Table 8 summarizes the proposed MIP/HPT groundwater sampling locations.  
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Figure 1 illustrates proposed initial LIF and MIP / HPT scanning locations at the Site.  The LIF 

and MIP / HPT scanning locations shown are tentative since the additional investigation locations
 
will be based on field generated LIF and MIP / HPT real time field data.  

Specific SOPs are included in Appendix B and referenced herein.
 

3.1 SAMPLE IDENTIFICATION 

In order to properly transfer sample results into the NHDES EMD (Environmental Monitoring 
Database) samples must be identified using the designated NHDES station identification. 

All sample identifiers (IDs) must have “TRY_” as a prefix. This includes any samples 
going to outside labs so that later this data may be uploaded into the NHDES EMD; 

The sample ID has to be 15 characters or less, including the “TRY_”; 

Equipment Blanks must be labeled “EQUIP BLANK.” The equipment from which the 
equipment blank was collected will be documented in the field log book and indicated in 
the comments section of the chain-of-custody (COC) form; 

Trip Blanks must be labeled “Trip Blank” without any other designation. Only one Trip 
Blank per COC per cooler is acceptable.   

Sample duplicates are identified by adding “DUP” to the end of the station ID. The 
duplicate sample must be labeled “DUP” not “Dup” and there must be one space between 
the sample ID and DUP (example “TRY_MW-205 DUP”). Blind duplicates are not 
allowed.  The space and “DUP” will not count toward the 15 character maximum; and 

All new sample IDs shall be approved by the NHDES Project Manager and the QA 
Coordinator in advance. 

3.1.1 Specific Sample Identification 

The soil sample ID format will be “TRY_SO-A#-depth” or “TRY_SO-B#-depth” where 
“A” is the LIF location ID in the interceptor trench area and “B” is the LIF location in the former 
drum disposal area.  The depth refers to the midpoint of the targeted soil sample range, either a 
whole number or rounded to the nearest tenth. The depth of the sample will also be noted in the 
comments column on the COC. (e.g., TRY_SO-A11-25.5)  It is acceptable to use one decimal 
point in the sample station ID. 

The groundwater sample ID format will be similar; TRY_GW-C#-depth will be used for the 
MIP / HPT investigation locations.  The depth refers to the midpoint of the geoprobe screened 
interval, either a whole number or rounded to the nearest tenth. The depth of the sample will also 
be noted in the comments column on the COC. (e.g., TRY_GW-C10-45.5).  It is acceptable to use 
one decimal point in the sample station ID. 

3.2 MULTI-MEDIA INVESTIGATION / SAMPLING AND ANALYSIS 

Multi-media sampling at the Site consists of sampling of groundwater and subsurface soils (refer 
to Tables 2, 7 and 8) for the June 2012 investigation.  GZA anticipates that referencing the 
current NHDES HWRB Master QAPP (RFA #08036) will adequately address regulatory 
concerns regarding the integrity of laboratory test methods and procedures.  
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The following samples shall be analyzed by the NHDPHS Laboratory in Concord, New 
Hampshire: 

Groundwater Samples 

- VOCs
 
- SVOCs (base neutrals) 

Soil  Samples 

- VOCs
 
- Soil Total Metals (Fe, Cr, Se & Mn) (dry weight) and 

- Soil TPH/DRO (diesel range organics). 


The following soil samples shall be analyzed by the ESS Laboratory (ESS) in Cranston, Rhode 
Island: 

SVOCs (base neutrals) 
Carbonate Alkalinity 
Specific Conductance  
ORP, and 
COD 

GZA will be responsible for delivering samples to the NHDPHS and ESS laboratories.  The GZA 
field team leader will coordinate sample pick-up/delivery arrangements with the NHDPHS and 
ESS laboratories directly.  Samples going to the NHDPHS Laboratory will be transported under 
the NHDPHS COC.  Samples going to the ESS Laboratory will be transported using an ESS 
COC. Refer to SOP L-15. 

The laboratory turn-around time (TAT) requested for all samples will be the 
standard 10 to 15 business days TAT. 

Calibration of the related field equipment (Hach turbidity meter and PID meter) will be 
performed in accordance with the specific equipment SOPs referenced later in the text. 
Decontamination of non-dedicated equipment (i.e., water level meters, and oil / water interface 
probe) will be completed in accordance with SOP L-14.  Investigative Derived Waste generated 
from decontamination activities will be containerized and disposed of off-site, as appropriate. 
Purge water and soil cuttings not returned to the pilot borings will be discharged to the ground 
surface. 

3.2.1 Water Level and LNAPL Thickness Measurements 

GZA will obtain groundwater level measurements at the following monitoring wells 
(Table 2) in accordance with SOP L-1 to assess the depth of groundwater in the area of the 
former drum disposal area prior to subsurface investigation: 

TRY_MW-101; 
TRY_MW-205; 
TRY_MW-601S; 
TRY_MW-602S; 
TRY_MW-801; 
TRY_MW-802; 
TRY_MW-803; 
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TRY_MW-804; and 

TRY_MW-805.  


LNAPL thickness will be measured from the following monitoring wells (Table 2) in accordance 
with SOP L-1: 

TRY_MW-C1S; 
TRY_MW-C2S; 
TRY_MW-C3S; 
TRY_MW-C4S; 
TRY_MW-C5S; 
TRY_MW-C7S; 
TRY_MW-C8S; 
TRY_MW-201P; and 
TRY_MW-201S.   

3.2.2 Pilot Borings 

GZA will coordinate and observe Boart Longyear (BLY) in the advancement of pilot 
borings using a track-mounted rotosonic drill rig prior to conducting the geoprobe MIP / HTP 
study in accordance with SOP L-4.  The rotosonic drilling method employs the use of 
high-frequency, resonant energy to advance a core barrel or casing into subsurface formations. 
Both the drill casing and interior sample barrel (lined with a polyethylene core sleeve to retain the 
collected samples) are typically advanced in 10-foot sections.  Each polyethylene soil core sleeve 
(core sleeve) will be visually inspected and logged by a GZA field engineer in accordance with 
SOPs L-5 Burmister Classification System and L-6 Guide for Description of Soils. 

PID screening for total VOCs will be performed in accordance with SOP L-3.  In the event that 
VOCs are detected above background concentrations, soil samples will be collected from the core 
sleeves and analyzed for VOCs in accordance with SOP L-10 (except that the soil core sleeve will 
be already opened prior to the PID scanning). 

The intent is to drill the pilot soil borings to within 3 feet of the groundwater table; however, in 
the event that fabric material is observed at this depth, it will be necessary to continue drilling 
through the fabric material so it does not impede the geoprobe work.  If drilling below the fabric 
material results in the bottom of the pilot soil boring being below the groundwater table, the pilot 
soil boring will need to be re-drilled in a nearby location (location to be determined in the field).   

After the core sleeves have been examined, the fabric materials will be removed from the cores 
and contained in a 55-gallon drum for proper disposal after the investigation. The remaining soil 
material will be returned to the borehole (prior to removing the casing) in the reverse order the 
cores were generated, with the exception of the top 15 feet, which will be filled with 
non-cement-based bentonite.  The pilot borings will then be covered with plastic sheeting to 
prevent the introduction of precipitation into the boring and the bentonite.  Excess soil material 
will be discarded on the ground surface proximate to the borehole location. 



 
 
 

  
 
 

 

  
   

  
 

  
   

 
  

     
 

   
   

  
  

   
 

 

  
 

  
 

     
  

  
 

 

   
  

 
  

 
 

 
   

   
  

   
  

 
 
 

  

NHDES and EPA Sampling and Analysis Plan 
Troy Mills Landfill Superfund Site  Revision No. 0 
Troy, New Hampshire July 17, 2012 

Page:  16 

The MIP / HPT investigation locations will be marked in the field using survey paint and marked 
by a stake or flag.  The investigation location ID will be marked on each stake or flag.  The letter 
“B” followed by a number will be the ID used for the LIF investigation locations. The letter “C” 
followed by a number will be the ID used for the MIP / HPT investigation locations.   

It is envisioned that an initial six pilot borings will be advanced at least two days prior to the start 
of the geoprobe work since the advancement of the pilot borings is anticipated to be slower than 
the geoprobe borings.  Once the geoprobe work starts, the field data generated will provide 
information which will determine where the next pilot boring will be located.  Up to 20 pilot 
borings (10 pilot borings for LIF scanning and 10 pilot soil borings for MIP / HPT scanning) are 
anticipated, but will be dependent upon the difficulty of the drilling conditions encountered. 
Figure 1 illustrates the location of the initial MIP / HPT investigation locations (C1, C2, C3, C4, 
and C5) and the initial LIF investigation location (B2) in the former drum disposal area. 
Although it can’t be determined until LIF and MIP/ HPT field data is available, it is possible that 
some of the pilot boring locations may be of interest for both LIF and MIP/HPT scanning, which 
would decrease the total number of pilot soil borings needed. 

3.2.3 MIP / HPT Scanning for VOC Subsurface Contamination 

GZA will coordinate and oversee the MIP / HPT scanning conducted by Colombia 
Technologies in accordance with SOP L-7 and SOP L-8.  The location ID “C” represents the 
MIP / HPT investigations to be performed in the former drum disposal area.  

Figure 1 illustrates the location of the initial MIP / HPT investigation locations (C1, C2, C3, C4, 
and C5) in the former drum disposal area.  The initial investigation locations are in the vicinity of 
wells TRY_MW-205 and TRY_MW-804 (which had the highest VOC or bis(2-ethylhexyl) 
phthalate concentrations) and downgradient of the wells.  Bis(2-ethylhexyl)phthalate is also 
known as Di[2-ethylhexyl]phthalate (DEHP) (CAS Number # 117-81-7).  GZA notes that this 
figure does not illustrate the additional “C” pilot soil borings that will be located based on the 
field MIP / HPT data.  The MIP signal response readings indicating VOC contamination and HPT 
pressure response data indicating the relative ability of the soil to transmit groundwater will both 
be recorded at each location as the geoprobe advances with depth.  Scanning will start at the 
bottom of the pilot boring, approximately 3 feet above the groundwater table.   

Groundwater table fluctuations in the former drum disposal area (wells TRY_MW-205 and 
TRY_MW-602S) during the period November 2006 to June 2011 indicate that groundwater 
elevations have fluctuated between 5.3 feet (TRY_MW-205) and 7.21 feet (TRY_MW-602S). 
The groundwater table appears to be highest in the spring months (including June).  The depth of 
the pilot soil borings will be based on stopping the drilling of the pilot soil boring approximately 
3 feet above the groundwater table and starting the MIP / HPT at the bottom of the pilot boring. 
(This will ensure that the scanning starts above the groundwater table and also above any 
LNAPL-impacted soil if LNAPL was present in this area in the past.)  The MIP / HPT probe will 
be lowered a minimum of 10 feet below the last detected VOC response signal at each MIP / HPT 
investigation location to determine if other preferred contaminant flow paths exist (unless 
bedrock is encountered based on well logs in the area).  If no additional VOC response signals 
occur after 10 feet, the MIP / HPT scanning can be stopped.  If no VOC response signals are 
observed at an investigation location, the MIP / HPT scanning can be stopped after 15 feet of 
scanning.  The maximum MIP response signal strength will be recorded for each MIP / HPT 
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investigation location. The field-generated results will be used to determine the follow-on MIP / 
HPT investigation locations. A total of ten MIP / HPT investigation locations are anticipated in 
the former drum disposal area. 

The MIP / HPT investigation locations will be remarked by a stake or flag if the marker was 
removed for the geoprobe work.  The investigation location ID will be marked on each stake or 
flag.  The distance of each investigation location will be physically measured from at least two 
physical reference points such as the closest monitoring wells or other MIP / HPT sampling 
locations.  NHDES will take global positioning system (GPS) location readings of the MIP / HPT 
investigation locations after the investigation is done.  The location information will be used to 
create a figure of the study area which will be drawn to scale.  

Ground surface elevations of the MIP / HPT investigation locations will be measured by GZA 
after the investigation so that actual groundwater elevations can be determined.  

3.2.4 LIF Scanning of Subsurface LNAPL-Impacted Soil 

GZA will coordinate and oversee the LIF scanning conducted by Colombia Technologies 
in accordance with SOP L-9.  The LIF investigation location IDs will consist of a letter followed 
by a number.  The letter symbols will represent the following: 

“A” represents the LIF LNAPL impacted soil investigation performed in the interceptor 
trench area performed in September 2011; and  

“B” represents the LIF LNAPL impacted soil investigation to be performed in the former 
drum disposal area.  The “B” locations will be investigated in June 2012. 

Figure 1 illustrates the location of the initial LIF investigation location (B1) in the former drum 
disposal area, located upgradient of LIF location A-11 (which had the highest LIF signal response 
during the LIF investigation of the interceptor trench area).  The figure does not show the 
additional “B” pilot soil borings that will be located based on the field LIF data, as their locations 
are currently undetermined.  The vertical thickness of the LNAPL-impacted soil will be measured 
at each LIF investigation location by the LIF scanner. Scanning will start at the bottom of the 
pilot boring prepared for the LIF scanning activity which will be approximately 3 feet above the 
groundwater table. 

Groundwater table fluctuations in the former drum disposal area as discussed above in 
Section 3.1.3 apply to the LIF investigation in the former drum disposal area. The depth of the 
pilot soil borings will be based on stopping the drilling of the pilot soil boring approximately 
3 feet above the groundwater table and starting the LIF at the bottom of the pilot boring.  (This 
will ensure that the scanning starts above the impacted soil that would have been impacted by a 
seasonally high groundwater table with LNAPL.)  The LIF probe will be lowered a minimum of 3 
feet below the detected LNAPL-impacted soil at each LIF investigation location to confirm the 
thickness of the LNAPL-impacted soil.  If no LIF response signals are observed at all at an 
investigation location, the LIF scanning can be stopped after 8 feet of scanning.  The maximum 
LIF response signal strength will be recorded for each LIF investigation location.  The field 
generated results will be used to determine the follow-on LIF investigation locations.  A total of 
10 LIF investigation locations are anticipated in the former drum disposal area.   



 
 
 

  
 
 

 

  
  

  
 
 
 

 
 

  

 
 

 
  

 
 

   
    

   
 

 
  

   
   

 
 

 
 

  
 

  
  

   
 

  
 

   
 

 
   

   
  

  
 
 

   
 

    
 

NHDES and EPA Sampling and Analysis Plan 
Troy Mills Landfill Superfund Site  Revision No. 0 
Troy, New Hampshire July 17, 2012 

Page:  18 

The LIF investigation locations will be remarked by a stake or flag if the marker was removed for 
the geoprobe work.  The investigation location ID will be marked on each stake or flag.  The 
distance of each investigation location will be physically measured from at least two physical 
reference points such as the closest monitoring wells or previous LIF sampling locations.  The 
same will be done with the existing LNAPL monitoring wells.  NHDES will take GPS location 
readings of the LIF investigation locations after the LNAPL investigation is done.  The location 
information will be used to create a figure of the study area which will be drawn to scale.  

Ground surface elevations of the LIF investigation locations will be measured by GZA so that top 
of LNAPL elevation contour drawing can be created after the LIF investigation.   

3.2.5 Groundwater Sampling Procedures 

GZA will coordinate and oversee the groundwater sampling conducted by Colombia 
Technologies in accordance with SOP L-11.  The rationale for sampling groundwater is included 
in Table 2. The sampling locations designated by “GW-C#” are place-holders reflecting the 
number of samples to be collected; however, the field results of the MIP / HPT investigations will 
determine which locations are actually sampled. The locations and depths to be sampled will be 
the five highest MIP signal strengths, taking the HPT data into consideration, which will indicate 
the preferred contaminant groundwater pathways. 

The MIP / HPT field data will indicate what the geoprobe groundwater sampling depth(s) should 
be at each of the selected groundwater sampling locations.  Depending upon the MIP / HPT field 
findings, it is possible that multiple groundwater sampling depths at a location will be indicated 
by the field data in the event that the groundwater flow rates and MIP signal strengths vary by 
depth (this would indicate there is channeling of groundwater and contamination through higher 
flow channels).  

Once the geoprobe casing is lowered to the desired sampling depth, the geoprobe well screen is 
exposed to the groundwater.  Prior to installing the water level probe, dedicated polyethylene 
(Teflon lined) sample tubing with a stainless steel check valve is lowered through the geoprobe 
casing to the mid-point of the geoprobe well screen (Waterra sampling method).  The depth to 
water is then measured (SOP L-1) by passing a water level meter probe through the geoprobe 
casing until groundwater is encountered. 

Although the Waterra check valve is not recommended for sampling for VOCs (SOP L-11), this 
method is only being used as a screening tool and it is the only sampling device that will allow 
sampling with the real time field geoprobe approach given that the anticipated groundwater 
sampling depths are potentially greater than 27 feet.  

No groundwater purging will be required when sampling groundwater using the geoprobe 
tooling. 

See Tables 2 and  6 for the list of groundwater analytical samples to be collected (VOCs and 
SVOCs (base neutrals)).  Once the groundwater sampling is completed at each sampling location, 
remove the sample tubing and dispose of properly.  The check valve should be saved and 
deconned for future use at the site.  New tubing and a new check valve will be used at each 
groundwater sampling location.  The groundwater sample ID format will be “TRY_GW-C#” 
where “C#” is the MIP / HPT location ID.  The depth of the sampling will be noted in the 
comments column on the COC.  



 
 
 

  
 
 

 

 
 

 
    

  
 

 
 

  
 
 

  
 

    
 

   
   

 
 

  
 

  
  

 
  

  
 

    
   

 
 
 

 

 
     

    
 
 

 
 

  
   

  
    

 

NHDES and EPA Sampling and Analysis Plan 
Troy Mills Landfill Superfund Site  Revision No. 0 
Troy, New Hampshire July 17, 2012 

Page:  19 

Groundwater turbidity will be measured in the field using the Hach 2100P meter just prior to 
taking the SVOC sample.  Calibration of the Hach turbidity meter will be performed using 
SOP L-2.    

VOCs will be sampled first, followed by the SVOCs at each groundwater sampling location. In 
the event that insufficient groundwater recharge occurs, the setup will be left to recharge.  If there 
is insufficient recharge and the SVOC sample cannot be collected within a 24 hour period contact 
the GZA project manager who will confer with the NHDES project manager on how to proceed. 

The groundwater level probe will also be removed and decontaminated using SOP L-14.  The 
geoprobe casing and well screen will be removed and the geoprobe rig moved to the next 
sampling location (the geoprobe well screen is disposable and new well screens will be used at 
each sampling location).  In the event that the next sampling location is a deeper depth at the 
same MIP / HPT investigation location, the geoprobe casing will be lowered to the deeper 
sampling depth with a new well screen, and new sample tubing and check valve will be used.  

Refer to Section 4.2 below and Table 5 for all required QC sampling including equipment 
blanks, duplicate samples, etc., with respect to groundwater sampling. 

3.2.6 Subsurface Soil Sampling Procedures 

Soil samples may be taken prior to performing the LIF scan in the event that the soil type 
is expected to leave a void when the geoprobe tool is withdrawn.  GZA will coordinate and 
oversee the groundwater sampling conducted by GeoSearch, Inc., who is actually operating the 
geoprobe rig in accordance with SOP L-10 and SOP L-12.  The rationale for sampling subsurface 
soils is included in Table 2. Four soil samples are planned for the “A” locations in the 
interceptor trench area (A4, A8. A11 and A28).  Six soil samples are planned for the “B” 
locations in the former drum disposal area.  

The sampling locations in Table 2 designated by “SO-B#” are place-holders reflecting the 
number of samples to be collected: however, the field results of the LIF investigations will 
determine which locations are actually sampled.  The locations and depths to be sampled will be 
the six highest LIF signal strengths observed in the former drum disposal area.  The LIF field data 
will indicate what the geoprobe subsurface soil sampling depth(s) should be at each of the 
selected soil sampling locations.   

The soil sample ID format will be “TRY_SO-A#-depth” or “TRY_SO-B#-depth” where 
“SO-A#” is the LIF location ID in the interceptor trench area and “SO-B” is the LIF location in 
the former drum disposal area. The depth of the sampling will also be noted in the comments 
column on the COC.  The sampled soil will be contained in the 4-foot-long Teflon sleeve soil 
sampling tube.  The outside of the Teflon soil sleeve will be marked by a non-VOC pen/marker as 
to the section of the sleeve that contains the thickness of soil indicated by the LIF to be impacted 
by LNAPL.  

The VOC soil sample will be taken first.  The location of the VOC soil sample will be determined 
by PID readings (SOP L-3) taken at various locations along the Teflon sleeve and determinations 
of the probable depth of impacted soil. To minimize the loss of VOCs, the PID soil readings will 
be taken through holes cut into the sleeve to allow the PID probe end to be inserted into the 
sleeve.  The VOC soil sample will be taken at the location of the highest PID reading. To take 
the VOC sample, the Teflon sleeve will be cut open and sampled quickly to minimize the VOC 
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loss. The soil sample container for the SVOCs (base neutrals), carbonate alkalinity, specific 
conductance, ORP and COD is to be filled after the VOC container. The metals and TPH sample 
container is to be filled last.  All soil sampling will be taken from the section of the sleeve which 
contains LNAPL-impacted soil according to the LIF scanning.  In the event that insufficient 
LNAPL-impacted soil is available to fill all three soil sample containers, the order of sampling is 
still the same as discussed above and documentation will be made in field notes as to which 
samples were actually collected and which samples could not be collected due to insufficient soil 
sample volume.   

Refer to Section 4.2 below and Table 5 for all required QC sampling, including equipment 
blanks, duplicate samples, etc., with respect to soil sampling. 

3.3 OTHER PLANNED ACTIVITIES 

Additional planned site activities to occur during the June 2012 investigation are: 

Grouting the top 15 feet of the geoprobe holes after they have been utilized; and 

Install a PVC groundwater monitoring well (1.5-inch diameter) at LIF location A28 (see 
Figure 1) in the interceptor trench area using the geoprobe rigging accordance with 
SOP L-12.  The maximum LIF response signal was observed at 8 feet bgs.  The proposed 
pre-packed well screen length is 5 feet long with approximately two feet of screen below 
the groundwater table level.  The depth of the well will be approximately 10 feet bgs. 
The well will not be sampled until the next site monitoring round.  The well will be 
developed as part of the June 2012 investigation following SOP L-13.    

4.0 QUALITY CONTROL 

The following describes the QC steps used to demonstrate reliability and confidence in the 
monitoring data collected for this project and includes field equipment maintenance and 
calibration, field QC sample collection, and data verification and validation.  

4.1 EQUIPMENT MAINTENANCE AND CALIBRATION 

The following tables provide the preventive maintenance steps for the typical equipment 
anticipated for the types of monitoring and sampling activities addressed by this SAP to ensure 
proper functioning of field equipment and references the relevant SOPs for the project. 
Manufacturer’s equipment manuals and any manufacturer-provided repair kits will be on-site at 
all times.  Calibration procedures are included in the Appendix referenced below.  In addition, all 
instruments requiring calibration will be calibrated in the GZA office before field activities 
commence to ensure all of the correct standards are available and that equipment is 
working properly. 
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Field Equipment - Preventive Maintenance 

INSTRUMENT ACTIVITY FREQUENCY SOP 
REFERENCE 

Calibration and Calibration Check – 
pre-sampling event 

Once - Prior to 
Sampling Event 

L-3 Photoionization Detector 
TEI Model 580B 

Battery check 
Calibration check – beginning of day 
Calibration, if needed – after morning 
calibration check 
Calibration check – end of day 

Daily 

Electronic Water Level 
Indicator Battery Check Daily L-1 

Geotech Oil-Water Interface 
Probe Battery Check Daily L-1 

Hach 2100 P Turbidity Meter 

Calibration and Calibration Check – 
pre-sampling event 
Battery check 
Calibration check – beginning of day 
Calibration, if needed – after morning 
calibration check 
Calibration check – end of day 

Once - Prior to 
Sampling Event 

Daily 
L-2 

Note: In the case of field equipment failure, backup equipment will be delivered to the Site from GZA’s Manchester, 
New Hampshire office.  The Hach meter is suitable to use on this project as it can meet the calibration requirements 
included in SOP L-2. Every reasonable effort shall be made to ensure the instruments are shielded from the elements. 

The following table provides performance requirements of applicable field equipment; required 
corrective actions should equipment fail; and references to relevant SOPs for the project. 

Field Equipment - Calibration and Corrective Action 

Instrument Calibration 
Frequency/1 

Calibration 
Standards 

Acceptance 
Criteria for 

Daily 
Calibration 

Checks/2 

Corrective Action 
SOP 

Reference 

Photoionization 
Detector 

TEI Model 
580B 

Daily 
Calibration 
Check at the 
beginning of 
each day 

Calibration if 
PID reading 
is not within 
range during 
the 
calibration 
check 

Calibration 
check at the 
end of the 
day 

Connect detector 
to isobutylene-in­
air standard. After 
15 seconds, the 
detector reading 
should equal the 
response value as 
indicated on the 
calibration gas 
cylinder used. 

+/- 15 % 

Morning Calibration 
Check– If outside the 
criteria during the morning 
check, recalibrate.  If 
recalibration is unsuccessful, 
replace the unit. 
End of the day Calibration 
Check – If outside the 
criteria at the end of the day, 
the data will be qualified by 
GZA. 

L-3 
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Instrument Calibration 
Frequency/1 

Calibration 
Standards 

Acceptance 
Criteria for 

Daily 
Calibration 

Checks/2 

Corrective Action 
SOP 

Reference 

Hach 2100P 
Turbidity Meter 

Daily 
Calibration 
Check at the 
beginning of 
each day 

Calibration if 
turbidity is 
not within 
range during 
the 
calibration 
check 

Calibrate to <0.1, 
20, 100, and 800 
NTUs and use 20 
NTUs to check 
(use StablCal 
Formazin Primary 
Turbidity 
Standards) 

+/- 5 % 

Morning Calibration 
Check 
– If outside the criteria 
during the morning check, 
calibrate the instrument. 
If still out of range, replace 
the appropriate calibration 
standards and recalibrate 
/check. If recalibration is 
unsuccessful, replace the 
unit. 
End of the day Calibration 

L-2 

Calibration 
Check at the 
end of the 
day 

Check – If outside the 
criteria at the end of the day, 
the data will be qualified by 
GZA. 

Note: 1 Each instrument requiring calibration by GZA must be calibrated in the office prior to field event to ensure 
the equipment can meet the QA criteria. 

2 The morning and end-of-the-day checks are a check of the instrument against the calibration standards and 
is in “measurement” mode.  This is not recalibration but rather a check. 

Quality Assurance information for the LIF, MIP and the HPT scanning equipment is discussed in 
the following SOPs: 

MIP scanning equipment – SOP L-7; 
HPT scanning equipment – SOP L-8; and   
LIF scanning equipment – SOP L-9.   

The MIP cannot be calibrated in the field; however, the system is checked with a response test 
and performance test before being used.   

In general, all instrumentation necessary for field monitoring and health and safety purposes shall 
be maintained, tested, and inspected according to the manufacturer's instructions. 

All field instruments shall be calibrated, and have a calibration check, in the office prior to 
the field event (within one week) to ensure that the equipment is working properly and 
meets the QA criteria. 

Calibration checks, made in the run mode, shall be performed at the beginning of each sampling 
day to ensure the equipment is in calibration and again at the end of the day of use to ensure that 
the instruments have remained in calibration throughout the day. If the beginning of the day 
check is unsuccessful for any parameter, that parameter must be calibrated and the calibration 
must be checked again.  If the end of the day check is unsuccessful for any parameter, the data 
collected for that parameter shall be qualified in its use. 
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In addition, should any erratic or illogical readings occur between calibrations, the instrument 
shall be recalibrated in order to ensure that representative measurements are obtained.  All 
calibration and check values shall be documented on the calibration log maintained by each user. 
Refer to the Calibration of Hach and PID Field Instruments SOP L-2 and SOP L-3 in 
Appendix B for specific calibration procedures. 

4.2 FIELD QUALITY CONTROL 

The following provides a general description of the field QC sampling that will occur for the 
project.  Refer to Table 5 that includes a summary of QC samples to be collected. 

Field Quality Control Requirements 

QC Sample Frequency Acceptance 
Criteria Corrective Action 

Duplicate 

One duplicate per 
batch 20 samples; 

per matrix; per parameter with a minimum of one 
duplicate per matrix, per parameter. 

Duplicate 
concentrations 
are within +/- 

30% for aqueous 
samples and 50% 
for solid samples 

Flag in project report  

VOC Trip 
Blank 

(separate trip 
blanks 

required for 
aqueous and 
solid VOCs) 

One per cooler containing VOC samples 
No contaminants 

are detected Flag in project  reports  

Equipment 
Blank 

If dedicated equipment used, an initial 
equipment blank is required.  No additional 
equipment blanks are required (refer to Table 5). 
If non-dedicated equipment (other than the water 
level meter and oil water interface probe) is 
used, once per sampling event during equipment 
use duration; per equipment type (refer to 
Table 5). 
Specific to the water level meter and oil / water 
interface probe – one equipment blank will be 
collected per sampling event after use in well 
TRY_MW-201S which contains LNAPL and is 
worst case and after decontamination.  (refer to 
Table 5). 

No contaminants 
are detected Flag in project reports  

Notes: 

Duplicate samples are not intended to be blind duplicate samples.  They will be designated with a “DUP” 
after the well designation (i.e., TRY_GW-C2-45 DUP). 

Trip blanks will be prepared by the NHDPHS laboratory and maintained at all times with the sample 
containers.  The trip blank(s) will be designated “TRIP BLANK.” 

Equipment blank samples will be designated as “EQUIP BLANK.” Note that a comment is required on the 
COC indicating what the equipment blank is for (i.e., water level meter / oil water interface probe blank, 
etc.). See Table 5. 
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4.3 DATA VERIFICATION AND VALIDATION 

Data review, which includes a GZA in-house examination to ensure data have been recorded, 
transmitted, and processed correctly, and data verification, which includes the evaluation of 
completeness, correctness, and conformance / compliance of a specific data set will be performed 
by GZA’s Senior Project Manager at the end of each sampling event.  

Field water quality data collected / measured will be reviewed in the field by the on-site GZA QA 
Officer daily for all matrices.  Review will generally consist of the following: 1) review of 
calibration data and end of the day check; and 2) review of raw data and field notes for outliers or 
inconsistencies that may indicate a problem with the equipment or sampling procedure. 

All laboratory data generated by the New Hampshire Division of Public Health Services 
(NHDPHS) and/or its subcontract laboratory will be reviewed by NHDPHS personnel and will 
not require third-party validation. 

NHDPHS Lab will evaluate Field Quality Control samples for all samples analyzed by the 
NHDPHS Lab and will flag any data that does not meet the acceptance criteria under Field 
Quality Control Requirements listed in Section 4.2 above.   

The NHDPHS laboratory report will consist of the following: 

Data Qualifier Description Page; 

Sample Summary Page: includes lab IDs, Corresponding Client Sample IDs, Matrix, 
Date/Time Collected and Date Received; 

Analytical Report Comments and Qualifiers Page; and 

Analytical Results Pages: Method Citation, results, units, RDL, prep date, analyzed date, 
CAS# Regulatory Limit if applicable and Qualifier Code. 

Lab QC Data. 

GZA notes that groundwater sample data results for non-inorganic compounds using the Waterra 
sampling methodology will be flagged as estimated.   

Analytical data reports generated by ESS will consist of the following: 

y Data Completeness; 
y Preservation and Technical Holding Times; 
y Blanks; 
y Surrogate Compounds; 
y Matrix Spike (MS)/Matrix Spike Duplicates (MSD); 
y Field Duplicates; 
y Laboratory Control Sample; and 
y Compound Quantitation. 
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4.4 QUALITY ASSURANCE FIELD AUDITS 

GZA QA field audits shall be conducted by the GZA QA Officer during monitoring events and 
will include observation of all sampling-related activities including equipment calibration, 
multi-media sampling, QC sampling, and decontamination activities to ensure that all procedures 
and techniques are conducted in accordance with this SAP and the current HWRB QAPP. 

Field audits will be performed during the sampling round as scheduled by NHDES and EPA. 
Additional field audits will be conducted as necessary (e.g., if the field team is changed or the 
SOPs for the project change significantly).  If corrective action is needed, additional field audits 
will be conducted to ensure all procedures and techniques used at the Site are conducted in 
accordance with this SAP and the HWRB’s QAPP. 

The results of the GZA field audit which result in corrective actions will be reported to the 
NHDES project manager and the NHDES QA Coordinator verbally and noted in the field log 
book.  Audit findings and corrective actions will be discussed with the NHDES project manager 
and the NHDES QA Coordinator to resolve the findings and corrective actions to the satisfaction 
of NHDES. 

5.0 DOCUMENTATION 

5.1 FIELD DATA MANAGEMENT 

In accordance with HWRB’s Master QAPP, field personnel shall use field logbooks and/or 
pre-printed field worksheets to accurately document all field activities: on-site conditions; field 
measurements; sample collection information; field instrument and calibration information; and 
other pertinent site-related information during monitoring activities.  All information shall be 
recorded in permanent black ink. 

A permanently-bound field logbook (per person) with individually numbered pages is maintained 
for field sampling information not recorded on field forms (calibration sheets, low flow purge 
forms, COCs, etc.).  All entries into the field logbook are made with permanent black ink, and 
corrections are made using a single line through the error with the initials and date of the 
individual who made the correction.  The unused bottom portion of each page shall be lined-out, 
initialed, and dated.  The field notes in general shall include a description of field conditions that 
includes, as a minimum: 

y Site location; 

y Date, start, and finish times of the work and weather conditions; 

y Name and initials of person making entry; 

y Names of other personnel present, if any; 

y Names of visitors, if any; 

y Purpose and summary of proposed work effort; 

y Details of any deviation from the field operations plan or standard operating procedures, 
including who authorized the deviation; 
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y Field observations; 

y Location, description and unique identifier for all photographs taken in association with 
the field activity; and 

y Any other pertinent information. 

Field forms to be completed in the field during the June 2012 investigation consists of the daily 
calibration form for the Hach turbidity meter, water level measurement form, LNAPL thickness 
measurement form and the Waterra sampling worksheet. Refer to the appropriate SOP for a copy 
of the individual field form and the specific information required for the form.   

GZA’s Project Manager will be responsible for ensuring that the field files are entered into the 
project record.  Information recorded in other Site documents other than the field logbooks 
(e.g., sampling logs, calibration sheets, COCs) will not be repeated in logbooks except in 
summary form, as necessary. 

5.2 CHAIN-OF-CUSTODY PROCEDURES 

Samples shall remain in the sample collector's view at all times, unless locked in a vehicle or 
other secure place in accordance with SOP L-13.  It is the sampler's responsibility to ensure that 
the samples are not tampered with prior to their delivery to the analytical lab.  The GZA QA 
Officer will review the COCs at the end of each day to ensure all data has been entered properly. 
The COC form shall be completed to provide documentation tracing sample possession and 
handling from the time of collection through delivery to the analytical lab, and shall accompany 
the samples at all times. The COC is a legal document that may be used for litigation purposes. 

5.3 TECHNICAL PROJECT REPORT 

The NHDPHS and ESS laboratories will provide the analytical data reports along with a copy of 
the pertinent QC data.  All field logs, field forms, etc., will be provided by GZA’s Project 
Manager.  GZA will prepare project technical report to document the June 2012 investigation 
work. The specific scope of technical reports will be determined by NHDES; however, we 
anticipate that the report will include the following: 

y Summary of sampling activities; 

y Copies of all field sampling sheets/forms and appropriate field logbook pages; 

y A list of equipment used, including make and models (and serial number if available); 

y All calibration information including calibration standards used lots numbers, expiration 
dates, calibration checks etc.; 

y A copy of the laboratory reports and applicable data validation reports; 

y A copy of Columbia Technologies’ data report;  

y Data summary tables of the compounds detected at each sampling location, highlighting 
any compounds that exceed cleanup goals; 

y Data summary tables showing the history of the compounds detected at each sampling 
location, highlighting any compounds that exceed cleanup goals with graphs of the same; 

y A table of the groundwater levels and elevations at each well, including past data; 
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y Site map; 

y Isoconcentration Contour Maps for Site COCs if there is sufficient data; 

y Recommendations for any follow-on actions such as investigation of data gaps or the 
next phase of work; and  

y QA/QC information (refer to Section 5.3.1 below). 

As part of the reporting, Columbia Technologies will provide its “Real Time Visualization 
Package,” which includes: 

Real time data delivery in 2D/3D via a secure website immediately upon processing in 
the field.  All 2D/3D visualizations are available on a secure website for up to one year 
after the field event; 

Final report upon completion of generating the field sensing data within five business 
days.  The Columbia Technology final report will include client-selected 2D/3D high 
resolution graphics; and   

An interactive internet webinar to discuss and review the direct sensing data and the 
2D/3D visualizations. 

5.3.1 	 Quality Assurance/Quality Control Section of Report 

The technical report will include general statements summarizing whether or not the quality 
control criteria in this SAP and HWRB’s QAPP were met in the field and in the laboratory.  The 
report will include a discussion of any QA/QC problems and how they were resolved. GZA will 
note anything unusual that is anticipated to affect the quality or usability of the data. 

Examples for situations where the QA criteria were not met which would be included within the 
technical report: 

y How does that affect the usability of the data? 

y Can we use the data?  If not, why not? 

y Was any corrective action needed and what, if any, measures were taken? 

y What changes are recommended for the future? 

Examples of possible issues to be included within a technical report: 

y Were contaminants found in the equipment blanks? 

y Were any samples broken in transport to the lab? 

y Did the lab report any difficulties, issues? 

y Were the sample tags mixed-up in the field if the results look abnormal? 
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TABLE 1 - SUMMARY OF ANALYTICAL TEST METHODS AND

 LABORATORY REPORTING LIMITS / DETECTION LIMITS 


AND REGULATORY ACTION LIMITS
 
Troy Mills Landfill Superfund Site
 

Troy, New Hampshire
 

Test Methods / Analytes 

GROUNDWATER 
Laboratory 

Reporting Detection 
Limits (RDLs) 

Ambient 
Groundwater 

Quality Standards 
(AGQS) 

ROD Interim 
Groundwater 

Cleanup Levels 

Samples Analyzed by NHDPHS Laboratory 
VOCs by EPA Method 8260B (ug/L) 

Vinyl Chloride 2 2 2 
cis-1,2-Dichloroethene 2 100 70 

2-Butanone(MEK) 10 4,000 170 
Tetrahydrofuran (THF) 10 154 154 

Benzene 2 5 5 
Trichloroethene 2 5 5 

Toluene 2 1,000 1000 
Tetrachloroethene 2 5 5 

n-Propylbenzene 2 260 50 
1,3,5-Trimethylbenzene 2 330 50 
1,2,4-Trimethylbenzene 2 330 50 

p-Isopropyltoluene 2 260 50 
n-Butylbenzene 2 260 50 

Naphthalene 2  20  20  

SVOCs by EPA Method 8270C  (ug/L) (base neutral) 
Naphthalene 10 20 20 

Bis-(2-ethylhexyl)phthalate 5 6 6 
Benzo(b)fluoranthene 10 0.05 0.05 

Benzo(a)pyrene 10 0.20 0.2 
Dibenzo(a,h)anthracene 10 0.01 0.01 

Notes: 
1. All other RDL information was provided by NHDPHS laboratory. 
2.  "---" indicates no standard was available for the analyte. 
3. Blue Shaded cells indicate those parameters for which the laboratory can't achieve the action limit for an analyte. 
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TABLE 1 - SUMMARY OF ANALYTICAL TEST METHODS AND

 LABORATORY REPORTING LIMITS / DETECTION LIMITS 


AND REGULATORY ACTION LIMITS
 
Troy Mills Landfill Superfund Site
 

Troy, New Hampshire
 

Samples Analyzed by NHDPHS Laboratory 
VOCs by EPA Method 8260B (ug/kg wet) 

Vinyl Chloride 
cis-1,2-Dichloroethene 

2-Butanone(MEK) 
Tetrahydrofuran (THF) 

Benzene 
Trichloroethene 

Toluene 
Tetrachloroethene 

n-Propylbenzene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylbenzene 

p-Isopropyltoluene 
n-Butylbenzene 

Naphthalene 

Metals by EPA Method 200.7/200.8 (mg/kg wet) 
Chromium 

Selenium 
Mercury (245.1) 

Iron 
Manganese 

TPH / DRO by Method 8015  (mg/kg wet) 

Samples Analyzed by ESS Laboratory 
SVOCs by EPA Method 8270C (mg/kg wet) (base neutral) 

Naphthalene 
Bis(2-ethylhexyl)phthalate 

Benzo(b)fluoranthene 
Benzo(a)pyrene 

Dibenzo(a,h)anthracene 

Carbonate Alkalinity by Method SM2320B 

Specific Conductance by Method 120.1   

ORP by SM 2580 

COD by Method 410.4  

Test Methods / Analytes 

SOIL 

100 
100 
500 
500 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1.25 
1.25 
0.04 
12.5 
2.5 

25 

0.333 
0.333 
0.333 
0.167 
0.167 

NA 

NA 

NA 

NA 

Laboratory Reporting 
Detection Limits 

(RDLs) 

1 
2 

51 
200 
0.3 
0.8 
100 

2 
85 
96 

130 
3,400 
110 

5 

1,000 
180 

6 
NA 
6 

10,000 

5,000 
--­

700 
700 
700 

NA 

NA 

NA 

NA 

Soil Remediation Standards Env-
Or 600 (Dry Weight)       (mg/kg) 

Notes: 
1. "---" indicates no information available for that compound. 
2. 	RDL Information for Semivolatile Organic Compounds (SVOCs), Total Petroleum Hydrocarbon/diesel range (TPH / DRO), 
     Carbonate Alkalinity, Oxidation Reduction Potential (ORP) and Chemical Oxygen Demand (COD) was provided by
     ESS Laboratory.  VOC and Metals RDL information was provided by NHDPHS laboratory. 
3.	  Laboratory reporting in dry weight for all subsurface soil data results. 
4.	  NA indicates not applicable to this analysis. 

04.0029395.11	 2 of  2 GZA GeoEnvironmental, Inc. 

http:04.0029395.11


'HSWK�

 

7$%/(�����08/7,�0(',$�6$03/,1*�3/$1 
6SULQJ������6RLO�DQG�*URXQGZDWHU�,QYHVWLJDWLRQ 

7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH 
7UR\��1HZ�+DPSVKLUH 

6$03/(�/2&$7,21�$1'� 
'(6,*1$7,21 

0(',$�7<3( :(//�7<3( 
6$03/(� 
0(7+2' 

6$03/,1*� 
)5(48(1&< 

3$5$0(7(56 6$03/,1*�5$7,21$/( 

:HOOV�:LWK�:DWHU�/HYHO�0HDVXUHPHQWV�2QO\ 

75<B0:���� 

*URXQGZDWHU 

2YHUEXUGHQ 

(OHFWURQLF�:DWHU� 
/HYHO�0HWHU 6SULQJ����� 

:HOOV�WR�EH�0RQLWRUHG�IRU�:DWHU 
/HYHO�2QO\�LQ�6SULQJ������,QYHVWLJDWLRQ 

*URXQGZDWHU�(OHYDWLRQ�'DWD�WR�(VWLPDWH�'HSWK�RI�6RQLF�3LORW�%RULQJV 

75<B0:���� 2YHUEXUGHQ 

75<B0:����6 2YHUEXUGHQ 

75<B0:����6 2YHUEXUGHQ 

75<B0:���� 2YHUEXUGHQ 

75<B0:���� 2YHUEXUGHQ 

75<B0:���� 2YHUEXUGHQ 

75<B0:���� 2YHUEXUGHQ 

75<B0:���� 2YHUEXUGHQ 

:HOOV�:LWK�3URGXFW�7KLFNQHVV�0HDVXUHPHQWV�2QO\ 
75<B0:�&�6 

*URXQGZDWHU 

2YHUEXUGHQ 

2LO���:DWHU�,QWHUIDFH� 
3UREH 6SULQJ����� 

1R�DQDO\WLFDO�VDPSOHV�FROOHFWHG���3URGXFW� 
WKLFNQHVV�PHDVXUHPHQWV�RQO\ 

0RQLWRU�/1$3/�7KLFNQHVV� 

75<B0:�&�6 2YHUEXUGHQ 

75<B0:�&�6 2YHUEXUGHQ 

75<B0:�&�6 2YHUEXUGHQ 

75<B0:�&�6 2YHUEXUGHQ 

75<B0:�&�6 2YHUEXUGHQ 

75<B0:�&�6 2YHUEXUGHQ 

75<B0:����6 2YHUEXUGHQ 

75<B0:����3 2YHUEXUGHQ 

*HRSUREH�/RFDWLRQV�WR�EH�6DPSOHG�IRU�*URXQGZDWHU�LQ�6SULQJ������,QYHVWLJDWLRQ 
75<B*:�&���GHSWK���������� 

����IHHW�EJV�� ����������75<B*:� 
&���� 

*URXQGZDWHU����� 
�6DPSOLQJ��&��� 
ORFDWLRQV�DUH� 

SUHOLPLQDU\���)LQDO� 
GHFLVLRQ�WR�EH� 
PDGH�LQ�ILHOG� 
EDVHG�RQ�0,3��� 
+37�GDWD���'HSWK� 

�PLG�SRLQW�RI� 
VFUHHQHG�DUHD 

2YHUEXUGHQ 

&KHFN�9DOYH��� 
7HIORQ�/LQHG�7XELQJ 

6SULQJ����� 
92&V�DQG�692&V��EDVH�QHXWUDOV���DQG�ILHOG� 

JURXQGZDWHU�WXUELGLW\ 
,QYHVWLJDWH�JURXQGZDWHU�FRQFHQWUDWLRQV�LQ�GRZQJUDGLHQW�DQG�QHDU�ZHOO�75<B0:����� 

75<B*:�&������������������������� 
IHHW�EJV� 2YHUEXUGHQ 

75<B*:�&������������������������� 
IHHW�EJV� 

75<B*:�&������������������������ 
IHHW�EJV� 

2YHUEXUGHQ 

75<B*:�&������������������������ 
IHHW�EJV� 2YHUEXUGHQ 

*HRSUREH�/RFDWLRQV�WR�EH�6DPSOHG�IRU�6XEVXUIDFH�6RLO��� 

75<B62�$���GHSWK� 

6RLO��������� 
�6DPSOLQJ��%���� 
ORFDWLRQV�DUH� 

SUHOLPLQDU\���)LQDO� 
GHFLVLRQ�WR�EH� 
PDGH�LQ�ILHOG� 
EDVHG�RQ�/,)� 

GDWD����7KH�GHSWK� 
HTXDOV�WKH�PLG� 
SRLQW�RI�WKH�VRLO� 
VDPSOLQJ�UDQJH��� 

2YHUEXUGHQ 

*HRSUREH�6OHHYH��� 
*UDE 

6SULQJ����� 

692&��EDVH�QHXWUDOV���������������������� 
FDUERQDWH�DONDOLQLW\����������������������� 
VSHFLILF�FRQGXFWDQFH���������������������� 

253���������������������������������� 
&2'���������������������������������� 

0HWDOV��)H��&U��0Q��6H��������������������� 
92&V��������������������������������� 
73+�� 

,QYHVWLJDWH�/1$3/�LPSDFWHG�VRLO�QHDU�WKH�FROOHFWLRQ�WUHQFK�DUHD���7KH�/,)�VLJQDO�VWUHQJK� 
REVHUYHG�ZDV�LQ�WKH�PLGGOH�RI�WKH�VLJQDO�UDQJHV�REVHUYHG�LQ�WKH�LQYHVWLJDWLRQ�RI�WKH�WUHQFK� 

DUHD� 

75<B62�$���GHSWK� 2YHUEXUGHQ 
,QYHVWLJDWH�/1$3/�LPSDFWHG�VRLO�QHDU�WKH�FROOHFWLRQ�WUHQFK�DUHD���7KH�/,)�VLJQDO�VWUHQJK� 
REVHUYHG�ZDV�WKH�ORZ�HQG�RI�WKH�VLJQDO�UDQJHV�REVHUYHG�LQ�WKH�LQYHVWLJDWLRQ�RI�WKH�WUHQFK� 

DUHD� 

75<B62�$����GHSWK� 2YHUEXUGHQ 
,QYHVWLJDWH�/1$3/�LPSDFWHG�VRLO�QHDU�WKH�FROOHFWLRQ�WUHQFK�DUHD���7KH�/,)�VLJQDO�VWUHQJWK� 

REVHUYHG�DW�$���ZDV�WKH�KLJKHVW�RI�WKH�WUHQFK�DUHD�ORFDWLRQV��� 

75<B62�$����GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�LPSDFWHG�VRLO�DGMDFHQW�WR�WKH�ZHWODQG� 

75<B62�%���GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�VRLO�LQ�WKH�IRUPHU�GUXP�EXULDO�DUHD�� 

75<B62�%���GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�VRLO�LQ�WKH�IRUPHU�GUXP�EXULDO�DUHD�� 

75<B62�%���GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�VRLO�LQ�WKH�IRUPHU�GUXP�EXULDO�DUHD�� 

75<B62�%���GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�VRLO�LQ�WKH�IRUPHU�GUXP�EXULDO�DUHD�� 

75<B62�%���GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�VRLO�LQ�WKH�IRUPHU�GUXP�EXULDO�DUHD�� 

75<B62�%����GHSWK� 2YHUEXUGHQ ,QYHVWLJDWH�/1$3/�VRLO�LQ�WKH�IRUPHU�GUXP�EXULDO�DUHD�� 

1RWHV�� 
� 
�����92&V���JURXQGZDWHU�DQG�VRLO��FRQVLVW�RI�WKH�1HZ�+DPSVKLUH�'HSDUWPHQW�RI�(QYLURQPHQWDO�6HUYLFHV��1+'(6��IXOO�OLVW�RI�YRODWLOH�RUJDQLF�FRPSRXQGV�DQDO\]HG�E\�(3$�0HWKRG�����%��� 
�����692&V���JURXQGZDWHU�DQDO\VLV��FRQVLVW�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV�DQDO\]HG�E\�(3$�0HWKRG�����&��RQO\�EDVH�QHXWUDO�H[WUDFWDEOHV�� 
�����)RU�JURXQGZDWHU��*:�&��DQG�VRLO��62�$�RU�62�%��VDPSOHV�WKH�GHSWK�UHIHUV�WR�WKH�PLGSRLQW�RI�WKH�JURXQGZDWHU�VFUHHQHG�DUHD�RU�WKH�PLGSRLQW�RI�WKH�VRLO�VDPSOH�UDQJH��HLWKHU�D�ZKROH�QXPEHU�RU�URXQGHG�WR�WKH�QHDUHVW�WHQWK����� 
������,W�LV�SHUPLVVLEOH�WR�XVH�RQH�GHFLPDO�SRLQW�LI�QHHGHG���([DPSOH��75<B62�$�������� 
�����5HIHU�WR�7DEOH�����*URXQGZDWHU�6DPSOLQJ�&URVV�5HIHUHQFH�7DEOH�IRU�D�VXPPDU\�RI�LQGLYLGXDO�SDUDPHWHUV�EHLQJ�VDPSOHG�IRU�DW�HDFK�ZHOO�ORFDWLRQ�� 
�����5HIHU�WR�7DEOH���IRU�SURSRVHG�/1$3/�VRLO�VDPSOLQJ�ORFDWLRQV�DQG�7DEOH���IRU�WKH�SURSRVHG�0,3�+37�JURXQGZDWHU�VDPSOLQJ�ORFDWLRQV�� 

�������������� *=$�*HR(QYLURQPHQWDO��,QF� 



 
 

 
 

   
 

 
  

 

  
  

       

  

   

 
 

 

 
 

 

 

 
  

   
 
 

  
  

   
 

  
 

    

   

   

   

       
 

 
 

 
   

  
 
 

   

   
 

 

 
 

 
 
 

    
 

  
 

           

  

     
 

 
 

 
 

 
 

 

  
 

 
 

 

 
  

 

 

 
  

 
 

 

 
 

  
 

  

 
    

  

TABLE 3 –MEDIA, ANALYSIS, TEST METHODS, CONTAINERS/

 SAMPLE VOLUME, PRESERVATION, AND HOLD TIME
 

Spring 2012 Investigation  

Troy Mills Landfill Superfund Site, Troy New Hampshire
 

PARAMETER MATRIX 
NUMBER OF SAMPLES 
(including field QC/1 and 2) 

ANALYTICAL 
METHOD 

SAP 
SOP / 

ASTM/3 

CONTAINERS 
(size and type) 

PRESERVATION 
REQUIREMENTS/4 

MAXIMUM 
HOLDING TIME 

SAMPLES ANALYZED BY THE ESS LAB 
SUBSURFACE SOIL 

SVOCs (base neutrals) 

Soil
 (solid sample) 

10 field samples; 1 duplicate; 2 
equipment blanks (See separate 
section below) 

8270C (base 
neutrals),  

ASTM 
D 6282 1- 4 oz. glass 

SVOCs - 4°C +/-2°C 

Alkalinity - 4°C +/-2°C 
Conductance - 4°C +/-2°C 
ORP - 4°C +/-2°C 
COD - 4°C +/-2°C 

14 days to extract, 40 
days to analyze 

Carbonate Alkalinity 10 field samples; 1 duplicate SM 2320B 14 days 

Specific Conductance 10 field samples; 1 duplicate Method 120.1 28 days 

ORP 10 field samples; 1 duplicate SM 2580 24 hrs 

COD 10 field samples; 1 duplicate Method 410.4 28 days 

SAMPLES ANALYZED BY THE NHDPHS LAB 
GROUNDWATER 

VOCs 

Groundwater 

5 field samples; 1 duplicate; 2 
 equipment blanks (see separate 
section below); trip blanks 

8260B L-15/ 
ASTM 
D 6001 

3- 40 mL VOA/1 HCl, 4°C +/-2°C 14 days 

SVOCs (base neutrals) 5 field samples; 1 duplicate; 2 
equipment blanks (see separate 
section below); 1 MS/MSD 

8270C (base / 
neutrals), 

L-15 / 
ASTM 
D 6001 

2 - 1L Amber 4°C +/-2°C 7 days to extract, 40 
days to analyze 

SVOC Note: For every 10 groundwater samples, the lab requires four 1-liter SVOC sample bottles be collected for QA.  A minimum of one set per sampling event. 

SUBSURFACE SOIL 

VOCs 
(dry weight determined 
in metals sample) 

Soil
 (solid sample) 

10 field samples; 1 duplicate; 2 
equipment blank (see separate 
section below) 

8260B ASTM 
D 6282 

1- 40 mL glass 
VOA 

Methanol, 4°C +/-2°C 
(minimum 5 ml methanol 
per 5 grams of soil)   

14 days 

Total Metals (Fe, Cr, Se 
& Mn) (dry weight) 

10 field samples; 1 duplicate; 2 
equipment blanks (Mn only ­
see separate section below) 

200.7, 200.8,  ASTM 
D 6282 

1- 4 oz. glass 4°C   +/-2°C 6 months 

TPH/DRO (diesel range 
organics). 

10 field samples; 1 duplicate Method 8015 ASTM 
D 6282 

14 days to extract, 40 
days to analyze 
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TABLE 3 –MEDIA, ANALYSIS, TEST METHODS, CONTAINERS/

 SAMPLE VOLUME, PRESERVATION, AND HOLD TIME
 

Spring 2012 Investigation  

Troy Mills Landfill Superfund Site, Troy New Hampshire
 

PARAMETER MATRIX 
NUMBER OF SAMPLES 

(including field QC/1 and 2) 
ANALYTICAL 

METHOD 
SAP 

SOP/3 
CONTAINERS 
(size and type) 

PRESERVATION 
REQUIREMENTS/4 

MAXIMUM 
HOLDING TIME 

SAMPLES ANALYZED BY THE NHDPHS LAB 

DI WATER – TOTAL NUMBER OF EQUIPMENT BLANKS 

VOCs   

DI Water 

4 equipment blanks, trip blank 8260B n/a 3- 40 mL VOA HCl, 4°C +/-2°C 14 days 

SVOCs (base / neutrals) 4 equipment blanks 8270C (base / neutrals) n/a 2 - 1L Amber 4°C +/-2°C 7 days to extract, 40 
days to analyze 

Total Mn 3 equipment blanks 200.7 n/a 1- 500 mL 
plastic 

HNO3, 4°C +/-2°C 6 months 

Notes: 

1.	 Trip blanks will be included with each cooler containing VOC samples.  Trip blanks will include HCL-preserved blanks for aqueous VOC samples (2 VOA Vials), 
and methanol preserved blanks for solid samples (1 VOA Vial) as needed.  There will be one temperature blank per cooler. 

2.	 Refer specifically to Table 5 for equipment blank details as well as other QC sampling requirements.  If non-dedicated sampling equipment is used, one equipment 
blank per sampling event will be required.  All equipment blanks will be analyzed by the NHDPHS lab. 

3.	 The sampling SOP or ASTM is referenced for the appropriate media.  
4.	 Note that the pH requirement for parameters requiring acidification is less than 2. 
5. 	 Refer to Table 6 - Groundwater Sampling Cross-Reference Table for a summary of individual parameters being sampled for at each location. 
6. 	 “n/a” indicates that there is no standard operating procedure associated with collection of the DI water equipment blank.  The laboratory provided DI water is decanted 

directly from the original container to the appropriate sample containers in most to least volatile sample bottle order. 
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:HOO�7\SH 
���LQ������LQ�HWF� 

5HIHUHQFH� 
0HDVXULQJ�3RLQW 

+HLJKW�RI�6WLFNXS� 
RI�0HDVXULQJ� 
3RLQW��IW� 

%ODGGHU�3XPS�0RGHO 
%ODGGHU�/HQJWK�LQ�IHHW��/���� 
'LDPHWHU�LQ�LQFKHV��'����	� 
&DSDFLW\�LQ�PJ�/��&� 

6FUHHQHG� 
*HRORJLF� 
8QLW 

6FUHHQ� 
,QWHUYDO��IW�� 
UHIHUHQFHG�WR� 

PHDVXULQJ�SRLQW� 

'HSWK�WR�:HOO�%RWWRP
� 
�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

+LVWRULF�/RZ�:DWHU� 
/HYHO��IW��UHIHUHQFHG�WR� 

PHDVXULQJ�SRLQW� 

5HFRPPHQGHG�'HSWK�RI� 
%ODGGHU�3XPS�,QWDNH� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

3XPS�,QWDNH�'LVWDQFH 
IURP�7RS�RI�6FUHHQ��IW�� 

UHIHUHQFHG�WR�PHDVXULQJ�SRLQW� 

'LVWDQFH�%HWZHHQ� 
3XPS�,QWDNH�DQG� 
%RWWRP�RI�:HOO��IW�� 

UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

:HOOV�:LWK�:DWHU�/HYHO�0HDVXUHPHQWV�2QO\ 
75<B3�� ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ��� ����� ����� ��� ��� ��� 
75<B0�� ������LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ���� ��� ���� 

75<B0�� ������LQ�39& 39& ���� ��� ��� %HGURFN ��� ���� ���� ��� ��� ��� 
75<B0�� ��LQ�39& &DVLQJ ���� ��� ��� 2YHUEXUGHQ ��� ����� ���� ��� ��� ��� 
75<B0��' ������LQ�39& 39& ���� ��� ��� 'HHS�%HGURFN ��������� ����� ��� ���� ���� ��� 

75<B0:���� ������LQ�39& &DVLQJ ���� ��� ��� 'HHS�%HGURFN ����������

 ������ ����� 2EVWUXFWLRQ�LQ�:HOO ��� ��� 
75<B0:����' ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ��� ����� ����� ��� ��� ��� 
75<B0:����6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ����WR����� ����� ����� ��� ��� ��� 
75<B0:����' ��LQ�39& &DVLQJ ���� ��� ��� 2YHUEXUGHQ ��� ����� ����� ��� ��� ��� 
75<B0:���� ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ��� ���� ����� ��� ��� ��� 
75<B0:���� ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ��� ����� ���� ��� ��� ��� 
75<B0:���� ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ��������

 ����� ���� ��� ��� ��� 
75<B0:���� ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ��� ����� ����� ��� ��� ��� 
75<B0:���� ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ ����

 ����� ���� ��� ��� ��� 
75<B0:���� ��LQ�39& 39& ���� ��� ��� %HGURFN ��������

 ���� ���� ��� ��� ��� 

:HOOV�:LWK�/1$3/�7KLFNQHVV�0HDVXUHPHQWV�2QO\
75<B0:�&�6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& ��� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& � ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:�&�6 ��LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 
75<B0:����6 ������LQ�39& 39& ���� ��� ��� 2YHUEXUGHQ �������� ���� ��� ��� ��� ��� 

:HOOV�&XUUHQWO\�6DPSOHG�7KDW�+DYH�6FUHHQ�/HQJWKV�*UHDWHU�WKDQ����IHHW 
75<B0�� ������LQ�39& 39& ���� 4('�7���� ����IW�/����LQ�'������P/�& 2YHUEXUGHQ ��������

 ����

 ���� ���� ���� ���� 

75<B0���������� ������LQ�39& 39& ���� 4('�7���� ����IW�/����LQ�'������P/�& 2YHUEXUGHQ �������� ���� ���� ���� ��� ���� 

75<B0:���� ������LQ�39& &DVLQJ ���� 4('�7���� ����IW�/����LQ�'������P/�& 
3UHGRPLQDQWO\� 
2YHUEXUGHQ 

����� �� ����� ���� ���� ���� 

75<B0:���� ��LQ�39& &DVLQJ ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 
3UHGRPLQDQWO\� 
2YHUEXUGHQ 

���������

 ����

 ����� ���� ���� ��� 

75<B0:����6 ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ����

�� ����

�� ���� ���� ���� ��� 

75<B0:����' ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ���������

 ����

 ���� ���� ���� ��� 

75<B0:����6 ��LQ�39& 39& ��� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������

 ����� ����� ���� ���� ��� 

75<B0:����' ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 'HHS�%HGURFN ���������

 ����� ����� ���� ���� ���� 

75<B0:����3 ��LQ�39& &DVLQJ ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������

 ���� ���� ���� ���� ���� 

75<B0:����3 ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������

 ����� ���� ���� ���� ��� 

75<B0:����6 ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ����� ���� ���� ��� 

75<B0:����6 ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ����� �� ����� ���� ���� ��� 

75<B0:���� ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 'HHS�%HGURFN ��������� ���� ����� ���� ���� ���� 

75<B0:����' ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 'HHS�%HGURFN ���������

�� ����

�� ���� ���� ���� ���� 
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7$%/(�����:(//�&216758&7,21�,1)250$7,21 
6SULQJ������,QYHVWLJDWLRQ� 

7UR\�0LOOV�/DQGILOO 
7UR\��1HZ�+DPSVKLUH 

0RQLWRULQJ� 
:HOO� 

'HVLJQDWLRQ 

:HOO�7\SH 
���LQ������LQ�HWF� 

5HIHUHQFH� 
0HDVXULQJ�3RLQW 

+HLJKW�RI�6WLFNXS� 
RI�0HDVXULQJ� 
3RLQW��IW� 

%ODGGHU�3XPS�0RGHO 
%ODGGHU�/HQJWK�LQ�IHHW��/���� 
'LDPHWHU�LQ�LQFKHV��'����	� 
&DSDFLW\�LQ�PJ�/��&� 

6FUHHQHG� 
*HRORJLF� 
8QLW 

6FUHHQ� 
,QWHUYDO��IW�� 
UHIHUHQFHG�WR� 

PHDVXULQJ�SRLQW� 

'HSWK�WR�:HOO�%RWWRP
� 
�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

+LVWRULF�/RZ�:DWHU� 
/HYHO��IW��UHIHUHQFHG�WR� 

PHDVXULQJ�SRLQW� 

5HFRPPHQGHG�'HSWK�RI� 
%ODGGHU�3XPS�,QWDNH� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

3XPS�,QWDNH�'LVWDQFH 
IURP�7RS�RI�6FUHHQ��IW�� 

UHIHUHQFHG�WR�PHDVXULQJ�SRLQW� 

'LVWDQFH�%HWZHHQ� 
3XPS�,QWDNH�DQG� 
%RWWRP�RI�:HOO��IW�� 

UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

:HOOV�&XUUHQWO\�6DPSOHG�:LWK�6FUHHQ�/HQJWKV�(TXDO�WR�RU�/HVV�WKDQ����IHHW 
75<B0�� ������LQ�39& 39& ���� 4('�7���� ����IW�/����LQ�'������P/�& 2YHUEXUGHQ �������� ���� ���� ���� ��� ��� 

75<B0:����0 ������LQ�39& 39& ���� 4('�7���� ����IW�/����LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ����� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ��� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ����� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ����� ���� ��� ��� 

75<B0:����; ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ��� ���� ��� ��� 

75<B0:����; ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ �������� ����� ��� ��� ��� ��� 

75<B0:����; ��LQ�39& 39& ��� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ������� ��� ��� ��� ��� ��� 

75<B0:����' ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ����� ���� ��� ��� 

75<B0:����% ��LQ�39& 39& ���� 4('�7���� ����IW�/������LQ�'������P/�& %HGURFN ��������� ���� ����� ���� ��� ��� 

75<B0:����6; ��LQ�39& 39& ��� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ �������� ���� ��� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ��� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ��� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ��� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ��� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ��� ���� ��� ��� 

75<B0:���� ��LQ�39& 39& ���� 4('�6DPSOH�3UR ����IW�/�������LQ�'������P/�& 2YHUEXUGHQ ��������� ���� ��� ���� ��� ��� 

1RWHV���� 
��������IW�EJV��LQGLFDWHV�GHSWK�LQ�IHHW�EHORZ�JURXQG�VXUIDFH����� 
��������

��LQGLFDWHV�GRZQKROH�LQIRUPDWLRQ�ZDV�QRW�YHULILHG�GXULQJ�WKH�2FWREHU���������FDPHUD�VXUYH\�� 
�������+LVWRULF��ORZ��ZDWHU�OHYHO�LV�EDVHG�RQ�ZDWHU�OHYHO�GDWD�FRPSLOHG�IURP�'HFHPEHU�������0D\�DQG�'HFHPEHU������DQG�-XQH�-XO\������ZDWHU�OHYHO�PHDVXUHPHQWV���7KH�KLVWRULF�ORZ�ZDWHU�OHYHO�UHIHUV�WR�WKH�ORZHVW�UHFRUGHG�ZDWHU�OHYHO�PHDVXUHPHQW�WKURXJK���������������LQGLFDWHV�WKDW�GDWD�ZDV�QRW�REWDLQHG�� 
������������� �*=$�LQFOXGHG�HYHU\�NQRZQ�PRQLWRULQJ�SRLQW�ZLWKLQ�WKH�DERYH�WDEOH���7KH�LQIRUPDWLRQ�IRU�QXPHURXV�ORFDWLRQV�KDYH�EHHQ�OHIW�EODQN�DV�*=$�GRHV�QRW�KDYH�WKH�GDWD�IRU�WKRVH�PRQLWRULQJ�ORFDWLRQV��� 
�������*=$�QRWHV�WKDW�WKHUH�DSSHDUV�WR�EH�D�PLQRU�GLVFUHSDQF\�EHWZHHQ�WKH�KLVWRULFDO�LQIRUPDWLRQ�UHJDUGLQJ�WKH�ERWWRP�RI�VFUHHQ�ZHOO�DQG�WKDW�ZKLFK�ZDV�PHDVXUHG�LQ�-XO\������E\�*=$�LQ�WZR�ZHOOV��75<B0:����'� �75<B0:����6����%RWK�VHWV�RI�LQIRUPDWLRQ�DUH�LQFOXGHG�LQ�WKLV�WDEOH�� 
�������7KH�GLVWDQFH�EHWZHHQ�SXPS�LQWDNH�DQG�ERWWRP�RI�WKH�ZHOO�LV�FDOFXODWHG�XVLQJ�WKH�'HSWK�WR�:HOO�%RWWRP�LQIRUPDWLRQ�� 
��������
��'HSWK�WR�:HOO�%RWWRP�DUH�ILHOG�PHDVXUHG�XQOHVV�RWKHUZLVH�QRWHG�� 
� 
� 
� 
�
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7$%/(���±�6800$5<�2)�48$/,7<�$6685$1&(�6$03/(6�72�%(�&2//(&7('� 
6SULQJ������,QYHVWLJDWLRQ��
 

7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH�
 
7UR\��1HZ�+DPSVKLUH�
 

�
 

6$03/,1*�0(',$� 6$03/,1*� 
)5(48(1&<� 

$662&,$7('�6$03/,1*� 
(48,30(17� 6$03/(�,'� '(6,*1$7('�127(�72�%(�86('�21�� 

&+$,1�2)�&8672'<� $1$/<6(6� 

(48,30(17�%/$1.�6$03/(6� 

*URXQGZDWHU� 
�FROOHFWHG�DIWHU�75<B0:����6�� 6SULQJ������ 2LO�:DWHU�,QWHUIDFH�3UREH� (48,3�%/$1.� ³2LO��:DWHU�3UREH´� 92&V��692&V��EDVH���QHXWUDOV��� �7RWDO�0Q� 

*URXQGZDWHU� 
�FROOHFWHG�IURP�FKHFN�YDOYH�DQG�7HIORQ�OLQHG� 

WXELQJ�SULRU�WR�VDPSOLQJ�� 
6SULQJ������ 6WDLQOHVV�6WHHO�&KHFN�9DOYH�� (48,3�%/$1.� ³&KHFN�9DOYH´� 92&V��692&V��EDVH���QHXWUDOV�� 

6RLO� 
�FROOHFWHG�DIWHU�VDPSOLQJ�GHFRQ�� 6SULQJ������ 6RLO�VDPSOLQJ�WRROV��L�H��ERZO�VSRRQ�� 

XVHG�WR�FROOHFW�VRLO�VDPSOHV� (48,3�%/$1.� ³6SRRQ���%RZO´� 92&V��692&V��EDVH���QHXWUDOV��� �7RWDO�0Q� 

6RLO� 
�FROOHFWHG�SULRU�WR�VDPSOLQJ�� 

6SULQJ������ 6RLO�FROOHFWLRQ�VOHHYH�XVHG�LQ�JHRSUREH� 
VRLO�VDPSOLQJ� (48,3�%/$1.� ³*HRSUREH�6OHHYH´� 92&V��692&V��EDVH���QHXWUDOV��� �7RWDO�0Q� 

'83/,&$7(�6$03/(6� 

*URXQGZDWHU� 6SULQJ������ &KHFN�YDOYH�DQG�7HIORQ�OLQHG�WXELQJ��� 75<B*:�&��³GHSWK´��'83� 
�6HOHFWHG�LQ�WKH�ILHOG�� 1�$� 92&V�	�692&V���EDVH���QHXWUDOV�� 

6RLO� 6SULQJ������ 

6RLO�VDPSOLQJ�WRROV��L�H��ERZO�VSRRQ�� 
XVHG�WR�FROOHFW�VRLO�VDPSOHV� 	�VRLO� 
FROOHFWLRQ�VOHHYH�XVHG�LQ�JHRSUREH�VRLO� 
VDPSOLQJ� 

75<B62�$���'83� 1�$� 92&V��692&V��EDVH���QHXWUDOV���7RWDO�0HWDOV��)H��&U��6H�	�0Q���73+�� 
FDUERQDWH�DONDOLQLW\��VSHFLILF�FRQGXFWDQFH��253�	 �&2'� 

/$%25$725<�06�06'�6$03/(6� 

*URXQGZDWHU� 6SULQJ������ 1�$� 75<B*:�&��³GHSWK´���� 
�VHOHFWHG�LQ�WKH�ILHOG�� ³06�06'´� 692&V��EDVH���QHXWUDOV�� 

75,3�%/$1.�7(03(5$785(�%/$1.�6$03/(6� 
$TXHRXV�92&V� 

���WULS�EODQN�SHU�FRROHU�ZLWK�DTXHRXV� 
92&V�VDPSOHV�RQO\� 

6SULQJ������ 1�$� 75,3�%/$1.� 1�$� 92&V� 

6ROLG�92&V� 
���WULS�EODQN�SHU�FRROHU�ZLWK�VROLG�92&� 

VDPSOHV�RQO\�� 
6SULQJ������ 1�$� 75,3�%/$1.� 1�$� 92&V� 

7HPSHUDWXUH�%ODQN� 
���SHU�FRROHU���&KHFN�RII�ER[�RQ�&2&�WR� 
LQGLFDWH�WKDW�D�WHPSHUDWXUH�EODQN�KDV� 
EHHQ�LQFOXGHG�LQ�WKH�FRROHU�� 

6SULQJ������ 1�$� 7(03�%/$1.� 1�$� 7HPSHUDWXUH� 

� 
� 

1RWHV�� 
�����92&V��FRQVLVW�RI�WKH�1HZ�+DPSVKLUH�'HSDUWPHQW�RI�(QYLURQPHQWDO�6HUYLFHV��1+'(6��IXOO�OLVW�RI�YRODWLOH�RUJDQLF�FRPSRXQGV�DQDO\]HG�E\�(3$�0HWKRG�����%��� 
�����692&V��FRQVLVW�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV�DQDO\]HG�E\�(3$�0HWKRG�����&��RQO\�EDVH�QHXWUDO�H[WUDFWDEOHV�� 
����5HIHU�WR�7DEOH�����*URXQGZDWHU�6DPSOLQJ�&URVV�5HIHUHQFH�7DEOH�IRU�D�VXPPDU\�RI�LQGLYLGXDO�SDUDPHWHUV�EHLQJ�VDPSOHG�IRU�DW�HDFK�ZHOO�ORFDWLRQ�� 
����5HIHU�WR�7DEOH���IRU�SURSRVHG�/1$3/�VRLO�VDPSOLQJ�ORFDWLRQV�DQG�7DEOH���IRU�WKH�SURSRVHG�0,3�+37�JURXQGZDWHU�VDPSOLQJ�ORFDWLRQV�� 

�������������� � � � � � � � � � � � �  �  �  �  �  �  �  �  �  �  �  *=$�*HR(QYLURQPHQWDO��,QF�� 



7$%/(�����*5281':$7(5�$1'�62,/�6$03/,1*�&5266�5()(5(1&(�7$%/( 
6SULQJ������,QYHVWLJDWLRQ� 

7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH 
7UR\��1HZ�+DPSVKLUH 

/RFDWLRQ�,' 
6DPSOLQJ� 
0HWKRGRORJ\� 
�UHIHU�WR�7DEOH��� 

4&�6DPSOLQJ 
�UHIHU�WR�7DEOH��� 

3DUDPHWHUV�WR�%H� 
6DPSOHG� 

�UHIHU�WR�7DEOH��� 

*URXQGZDWHU����/1$3/� 
0HDVXUHPHQWV 

62,/ ,���*URXQGZDWHU�OHYHOV�WR�EH� 
PHDVXUHG�DW��75<B0:������ 
75<B0:������75<B0:� 
���6��75<B0:����6�� 
75<B0:������75<B0:� 
�����75<B0:������ 
75<B0:������DQG� 
75<B0:����������� 

,,���/1$3/�OHYHOV�DUH�WR�EH� 
PHDVXUHG�DW��75<B0:� 
&�6��75<B0:�&�6�� 
75<B0:�&�6��75<B0:� 
&�6��75<B0:�&�6�� 
75<B0:�&�6��75<B0:� 
&�6��75<B0:����3��DQG� 
75<B0:����6���� 

75<B62�$���GHSWK� 

*HRSUREH�6OHHYH 

92&V��692&V��EDVH� 
QHXWUDOV���FDUERQDWH� 
DONDOLQLW\��VSHFLILF� 

FRQGXFWDQFH��253��&2'�� 
0HWDOV��)H��&U��0Q��6H��� 

73+ 

75<B62�$���GHSWK� 
75<B62�$����GHSWK� 'XSOLFDWH 
75<B62�$����GHSWK� 
75<B62�%���GHSWK� 
75<B62�%���GHSWK� 
75<B62�%���GHSWK� 
75<B62�%���GHSWK� 
75<B62�%���GHSWK� 
75<B62�%����GHSWK� 

*5281':$7(5 

75<B*:�&���GHSWK�� 
���IHHW�EJV�� ���������� 

75<B*:�&���� 

&KHFN�9DOYH 92&V���692&V��EDVH� 
QHXWUDOV� 

75<B*:�&����������� 
����IHHW�EJV� 

06�06'��692&V�RQO\�� 
$FWXDO�ORFDWLRQ�RI� 
06�06'�WR�EH� 

GHWHUPLQHG�LQ�WKH�ILHOG� 

75<B*:�&����������� 
����IHHW�EJV� 

'XSOLFDWH�������������� 
$FWXDO�ORFDWLRQ�RI� 
GXSOLFDWH�WR�EH� 

GHWHUPLQHG�LQ�WKH�ILHOG� 

75<B*:�&����������� 
����IHHW�EJV� 

75<B*:�&����������� 
����IHHW�EJV� 

1RWHV�� 
���/RFDWLRQ�,'V�VKRZQ�IRU��62�%���DQG��*:�&���DUH�SODFH�KROGHUV�VLQFH�WKH�DFWXDO�ORFDWLRQ�WR�EH�VDPSOHG�ZLOO�EH� 
����GHWHUPLQHG�LQ�WKH�ILHOG�EDVHG�RQ�WKH�/,)�DQG�0,3���+37�ILHOG�GDWD��5HIHU�WR�7DEOH���IRU�SURSRVHG�/1$3/�VRLO�VDPSOLQJ� 
����ORFDWLRQV�DQG�7DEOH���IRU�WKH�SURSRVHG�0,3�+37�JURXQGZDWHU�VDPSOLQJ�ORFDWLRQV�� 
����92&V��FRQVLVW�RI�WKH�1HZ�+DPSVKLUH�'HSDUWPHQW�RI�(QYLURQPHQWDO�6HUYLFHV��1+'(6��IXOO�OLVW�RI�YRODWLOH�RUJDQLF� 
�����FRPSRXQGV�DQDO\]HG�E\�(3$�0HWKRG�����%��� 
����692&V��IRU�JURXQGZDWHU�DQDO\VLV�FRQVLVW�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV�DQDO\]HG�E\�(3$�0HWKRG�����&��RQO\� 
�����EDVH��QHXWUDO�H[WUDFWDEOHV�� 
����)RU�JURXQGZDWHU��*:�&��VDPSOHV�WKH�GHSWK�UHIHUV�WR�WKH�PLGSRLQW�RI�WKH�VFUHHQHG�DUHD�DQG�VRLO��62�$�RU�62�%��VDPSOHV�WKH� 
�����GHSWK�UHIHUV�WR�WKH�PLGSRLQW�RI�WKH�VRLO�VDPSOH�UDQJH���8VH�HLWKHU�D�ZKROH�QXPEHU�RU�URXQGHG�WR�WKH�QHDUHVW�WHQWK����,W�LV� � 
�����SHUPLVVLEOH�WR�XVH�RQH�GHFLPDO�SRLQW�LI�QHHGHG���([DPSOH��75<B62�$�������� 

������������� *=$�*HR(QYLURQPHQWDO��,QF� 



7$%/(�����352326('�/1$3/�62,/�6$03/,1*�/2&$7,216� 
7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH�
 

7UR\��1HZ�+DPSVKLUH�
 
0D\������


 

/,)� 
,QYHVWLJDWLRQ� 
/RFDWLRQ� 

�6HH�)LJXUH�;�� 

/1$3/� 
,PSDFW� 
'HWHFWHG�"� 
�<HV�RU�1R�� 

,PSDFWHG�6RLO� 
'HSWK� 

�)HHW�EHORZ� 
JURXQG� 
VXUIDFH�� 

7RS�RI� 
,PSDFWHG� 
6RLO� 

�(OHYDWLRQ�� 

,PSDFWHG� 
6RLO� 

7KLFNQHVV� 
�)HHW�� 

/,)�0D[� 
5HVSRQVH� 
6LJQDO� 
�3HUFHQW�� 

/HQJWK�RI� 
6DPSOLQJ� 
7XEH� 
�IW�� 

/1$3/�7UHQFK�$UHD�� 
$�� 1R� ���� ���� ���� ���� 16� 
$�� 1R� ���� ���� ���� ���� 16� 
$�� 1R� ���� ���� ���� ���� 16� 
$�� <HV� ����±���IW� �������� ����IW� ����� ��IW� 
$�� <HV� ����±�����IW� �������� ����IW� ���� 16� 
$�� 1R� ���� ���� ���� ���� 16� 
$�� 1R� ���� ���� ���� ���� 16� 
$�� <HV� ����±�����IW� �������� ����IW� ���� ��IW� 
$�� <HV� ���±������IW� �������� ����IW� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� <HV� �����±������IW� �������� ����IW� ����� ��IW� 
$��� <HV� �����±������IW� �������� ����IW� ���� 16� 
$��� <HV� �����±������IW� �������� ����IW� ����� 16� 
$��� <HV� �����±������IW� �������� ����IW� ���� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ��� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ����� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ����� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ���� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� <HV� ����±�����IW� �������� ����IW� ���� ��IW� 
$��� <HV� ����±�����IW� �������� ����IW� ��� ��IW� 
$��� <HV� ����±�����IW� �������� ����IW� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 
$��� 1R� ���� ���� ���� ���� 16� 

&RQILUP�±�� <HV� ��±����IW� �������� ��IW� ����� ��IW� 
$�6HULHV� 

�������������� 3DJH���RI��� *=$�*HR(QYLURQPHQWDO��,QF�� 
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7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH�
 

7UR\��1HZ�+DPSVKLUH�
 
0D\������


 

,PSDFWHG�6RLO� 
/,)� /1$3/� 7RS�RI� ,PSDFWHG� /,)�0D[� /HQJWK�RI� 'HSWK�

,QYHVWLJDWLRQ� ,PSDFW� ,PSDFWHG� 6RLO� 5HVSRQVH� 6DPSOLQJ� �)HHW�EHORZ�
/RFDWLRQ� 'HWHFWHG�"� 6RLO� 7KLFNQHVV� 6LJQDO� 7XEH�JURXQG� �6HH�)LJXUH�;�� �<HV�RU�1R�� �(OHYDWLRQ�� �)HHW�� �3HUFHQW�� �IW�� 

VXUIDFH�� 

)RUPHU�'UXP�%XULDO�$UHD�� 
%�� � (VWLPDWHG�� � �� 7%'� ��IW� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� 16� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� ��IW� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� 16� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� ��IW� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� 16� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� ��IW� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� 16� 

���±����IW� 
%�� � (VWLPDWHG�� � �� 7%'� ��IW� 

���±����IW� 
%��� � (VWLPDWHG�� � �� 7%'� ��IW� 

���±����IW� 
� 

127(6����� 
��	 �7%'�±�7R�%H�'HWHUPLQHG�� 
��	 �16�±�1RW�6DPSOHG�� 
��	 /RFDWLRQV�IRU�JHRSUREH�VRLO�VDPSOLQJ�DUH�KLJKOLJKWHG�LQ�\HOORZ��6DPSOLQJ�ORFDWLRQV�DUH�VXEMHFW�WR�ILHOG� 

GHFLVLRQV�EDVHG�RQ�/,)�GDWD��� 

��������������	 3DJH���RI��� *=$�*HR(QYLURQPHQWDO��,QF�� 
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7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH�
 
7UR\��1HZ�+DPSVKLUH�
 

0D\������


 

(VWLPDWHG�*HRSUREH� (VWLPDWHG�*HRSUREH� 
0,3�6FUHHQ�'HSWK� 0,3�,QYHVWLJDWLRQ� *URXQGZDWHU�6DPSOLQJ� *URXQGZDWHU�6DPSOLQJ� (VWLPDWHG�,QWHUYDO� 'HSWK���� 'HSWK���� 

/RFDWLRQ� �EHORZ�JURXQG�VXUIDFH�� �EHORZ�JURXQG�VXUIDFH�� �EHORZ�JURXQG�VXUIDFH�� 

)RUPHU�'UXP�%XULDO�$UHD� 

&�� ���WR����IW� 16� 16� 

&�� ���WR����IW� ���IW� 16� 

&�� ���WR����IW� 16� 16� 

&�� ���WR����IW� 16� 16� 

&�� ���WR����IW� ���IW� 16� 

&�� ���WR����IW� 16� 16� 

&�� ���WR����IW� ���IW� 16� 

&�� ���WR����IW� 16� 16� 

&�� ���WR����IW� 16� 16� 

&��� ���WR����IW� ���IW� ���IW� 

� 

127(6���� 
��	 �16�±�1RW�6DPSOHG�� 
��	 /RFDWLRQV�WR�EH�VDPSOHG�DUH�KLJKOLJKWHG�LQ�\HOORZ���6DPSOLQJ�ORFDWLRQV�VXEMHFW�WR�ILHOG�GHFLVLRQV�EDVHG�RQ�0,3��� 

+37�GDWD���
 

 

 

��������������	 � *=$�*HR(QYLURQPHQWDO��,QF�� 
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Project Organizational Chart 

Troy Mills Superfund Site, Troy, New Hampshire 


United States Environmental Protection New Hampshire Department of Environmental Agency Region I Services Remedial Project Manager Project Manager 

Robin Mongeon, P.E. Richard W. Hull 
603-271-7378 617-918-1882 

New Hampshire Department of
 
Environmental Services
 

Quality Assurance Coordinator 
Sharon Perkins 
603-271-6805 

GZA Principal-in-Charge 
Steven R. Lamb 
603-232-8741 

GZA Senior Project Manager 
Michael B. Asselin 

603-232-8739 – Office 
603-203-9705 – Cell 

GZA Project Quality Assurance Officer 

Amy T. Doherty 
603-232-8763 – Office 
603-361-4222 – Cell 

GZA Health and Safety Manager 
Jayanti Chatterjee 

973-303-9796 

GZA Technical Field Staff
 
Stefanie Lamb, P.G., Field Engineer (603-765-9720)
 
Heidi Rizza; Field Engineer (603-361-0177)
 
Tanya Justham; Field Engineer (603-493-1548)
 
Al Jacobson; Senior Tech (603-493-1599)
 

Laboratory Services 
NHDPHS Laboratory
 

(General Analytical Services)
 
Lou Barinelli, Assistant Laboratory Director 603-271-2994
 

ESS Laboratory
 
(Supporting Analytical Services)
 

Contact: Christine Taylor at 401-461-7181, Ext. 3039
 

Field LIF and MIP/HPT Scanning Services 
Columbia Technologies, Inc.
 

Contact: Dov Hoffman  888-344-2704,  Ext. 207 


Data Validation 
NHDES Laboratory
 

GZA
 



�
 

$33(1',;�%� 
� 

*=$�67$1'$5'�23(5$7,1*�352&('85(6�� 

�
 



�
 

623�/���� 

�:$7(5�/(9(/���/1$3/�7+,&.1(66�0($685(0(176� 
� 

:DWHU�/HYHO�0HDVXUHPHQW�)RUP� 

/1$3/�0HDVXUHPHQW�)RUP� 

�
 



� 
� :DWHU�/HYHO���/1$3/�7KLFNQHVV�0HDVXUHPHQWV� 
'DWH�������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/������ 
� 

:$7(5�/(9(/���/1$3/�7+,&.1(66�0($685(0(176� 
� 
� 

385326(� 
� 
7KLV� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� �623�� :DWHU� /HYHO� �� /1$3/� 7KLFNQHVV� 0HDVXUHPHQWV� LV� WR� 
HVWDEOLVK�JXLGHOLQHV�IRU�WKH�PDQXDO�GHWHUPLQDWLRQ�RI�ERWK�WKH�GHSWK�WR�ZDWHU�DQG�WKH�WKLFNQHVV�RI� 
/LJKW� 1RQ�$TXHRXV� 3KDVH� /LTXLG� �/1$3/�� LQ� PRQLWRULQJ� ZHOOV� DW� WKH� 7UR\� 0LOOV� /DQGILOO� 
6XSHUIXQG�6LWH� LQ�7UR\��1HZ�+DPSVKLUH�GXULQJ� WKH������1/$3/� LQYHVWLJDWLRQ�� �2QO\�D� OLPLWHG� 
QXPEHU�RI�ORFDWLRQV�ZLOO�EH�PHDVXUHG�GXULQJ�WKLV�LQYHVWLJDWLRQ���5HIHU�WR�WKH�DWWDFKHG�PHDVXUHPHQW� 
IRUPV�� 

,Q�JHQHUDO��ZDWHU�OHYHO�PHDVXUHPHQWV�DUH�XVHG� WR�FRQVWUXFW�ZDWHU� WDEOH�RU�SRWHQWLRPHWULF�VXUIDFH� 
PDSV�DQG�WR�GHWHUPLQH�IORZ�GLUHFWLRQ�DV�ZHOO�DV�RWKHU�DTXLIHU�FKDUDFWHULVWLFV���7KHUHIRUH��D�V\QRSWLF� 
ZDWHU� OHYHO� PHDVXUHPHQW� URXQG� VKRXOG� EH� SHUIRUPHG� LQ� WKH� VKRUWHVW� SRVVLEOH� WLPH� �SUHIHUDEO\� 
ZLWKLQ�D����KRXU�SHULRG��EHIRUH�DQ\�SXUJLQJ�DQG�VDPSOLQJ�DFWLYLWLHV�EHJLQ�� 

$Q\� PRGLILFDWLRQV� WR� WKLV� 623� VKDOO� EH� DSSURYHG� E\� 1+'(6� LQ� FRQVXOWDWLRQ� ZLWK� WKH� (3$� LQ� 
DGYDQFH��GRFXPHQWHG�LQ�WKH�VLWH�ORJERRN��DQG�SUHVHQWHG�LQ�WKH�ILQDO�UHSRUW���� 

(48,30(17�$1'�0$7(5,$/6� 

6LWH�VSHFLILF�SODQ�DQG�ERULQJ�ORJV�� 

)LHOG�ERRN�� 

:DWHU�OHYHO���/1$3/�ILHOG�IRUPV��VHH�DWWDFKHG��� 

(OHFWURQLF�ZDWHU�OHYHO�PHWHU�DQG�RU�2LO�:DWHU�,QWHUIDFH�3UREH�RI�DSSURSULDWH�OHQJWKV� 
�L�H�������IW������IW��DQG�����IW��DQG�PHDVXUHV�LQ�LQFUHPHQWV�RI������IHHW��� 

*DWH�NH\V�ZHOO�NH\V�DQG�RWKHU�DSSOLFDEOH�ILHOG�HTXLSPHQW�WR�RSHQ�ZHOOV�PDQKROH�FRYHUV�� 

,QGHOLEOH�EODFN�LQN�SHQ��6KDUSLH���� 

3HUVRQDO�SURWHFWLYH�FORWKLQJ�DQG�JHDU��DQG� 

'HFRQWDPLQDWLRQ�VXSSOLHV�LQ�DFFRUGDQFH�ZLWK�WKH�623�� 

*(1(5$/�,1)250$7,21� 
� 
$OO�PRQLWRULQJ�ZHOOV�VKRXOG�EH�ORFNHG�DW�DOO�WLPHV��RU�ZLWKLQ�D�VHFXUH�ORFNHG�DUHD��WR�HQVXUH�WKH� 
LQWHJULW\�RI�WKH�ZHOO�� 
� 
,I�ZDWHU�OHYHO�PHDVXUHPHQWV�DUH�EHLQJ�FRPSOHWHG�IRU�WKH�ILUVW�WLPH�IROORZLQJ�ZHOO�LQVWDOODWLRQ��RU�LI� 
LW�GRHV�QRW�DOUHDG\�H[LVW���D�VXUYH\�PDUN�SK\VLFDO�QRWFK�VKRXOG�EH�SODFHG�RQ�WKH�WRS�RI�WKH�ULVHU�RU� 
FDVLQJ�DV� D� UHIHUHQFH�SRLQW� IRU� IXWXUH� JURXQGZDWHU� OHYHO�PHDVXUHPHQWV�� ,I� WKH� WRS�RI� WKH� ULVHU�RU� 

� � �� 



 

� � 
� :DWHU�/HYHO���/1$3/�7KLFNQHVV�0HDVXUHPHQWV� 
'DWH�������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/������ 
� 
FDVLQJ� LV�QRW� IODW��PDNH� WKH� UHIHUHQFH�SRLQW� WKH�KLJKHVW�SRLQW�� �7KH�PHDVXUHPHQW� UHIHUHQFH�SRLQW� 
VKRXOG�EH�GRFXPHQWHG�LQ�WKH�VLWH�ORJERRN���� 
� 
$OO�ILHOG�SHUVRQQHO�PXVW�EH�PDGH�DZDUH�RI�WKH�PHDVXUHPHQW�UHIHUHQFH�SRLQW��WRS�RI�FDVLQJ�>72&@� 
RU�WRS�RI�39&�SLSH�>7239&@��EHLQJ�XVHG�LQ�RUGHU�WR�HQVXUH�WKH�FROOHFWLRQ�RI�FRPSDUDEOH�GDWD��� 
� 
%HIRUH�PHDVXUHPHQWV�DUH�PDGH��ZDWHU�OHYHOV�LQ�PRQLWRULQJ�ZHOOV�VKRXOG�EH�DOORZHG�WR�VWDELOL]H�IRU� 
D�PLQLPXP�RI����KRXUV�DIWHU�ZHOO�FRQVWUXFWLRQ�DQG�GHYHORSPHQW���,Q�ORZ�\LHOG�VLWXDWLRQV��UHFRYHU\� 
RI�ZDWHU�OHYHOV�WR�HTXLOLEULXP�PD\�WDNH�ORQJHU���$OO�PHDVXUHPHQWV�VKRXOG�EH�PDGH�WR�DQ�DFFXUDF\� 
RI������IHHW���� 
� 
$OO� HTXLSPHQW� VKDOO� EH� GHFRQWDPLQDWHG� SULRU� WR� XVH� LQ� DFFRUGDQFH� ZLWK� WKH� 
GHFRQWDPLQDWLRQ�623�� 
� 
WATER LEVEL MEASUREMENT�352&('85(6�� 

&DUH�VKRXOG�EH�WDNHQ�WR�PLQLPL]H�ZDWHU�FROXPQ�GLVWXUEDQFH���8VH�WKH�IROORZLQJ�SURFHGXUHV�WR� 
FROOHFW�ZDWHU�OHYHO�PHDVXUHPHQWV��� 

��	 2SHQ�WKH�ZHOO�DQG�PRQLWRU�WKH�KHDGVSDFH�ZLWK�WKH�DSSURSULDWH�DLU�PRQLWRULQJ�LQVWUXPHQW� 
WR�GHWHUPLQH�WKH�SUHVHQFH�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��LI�DSSOLFDEOH����� 

��	 /RZHU�WKH�HOHFWURQLF�ZDWHU�OHYHO�PHWHU�SUREH�DQG�PHDVXULQJ�WDSH�LQWR�WKH�ZHOO�XQWLO�WKH� 
ZDWHU�VXUIDFH�LV�UHDFKHG�DV�LQGLFDWHG�E\�D�WRQH�RU�PHWHU�GHIOHFWLRQ���5HFRUG�WKH�GLVWDQFH� 
IURP�WKH�UHIHUHQFH�SRLQW�WR�ZDWHU�VXUIDFH��� 

��	 5HFRUG� WKH� GLVWDQFH� IURP� WKH�ZDWHU� VXUIDFH� �WR� ����� IHHW��� DV� GHWHUPLQHG�E\� WKH� DXGLR� 
VLJQDO� RU� WRQH�� WR� WKH� UHIHUHQFH� PHDVXULQJ� SRLQW� �L�H��� WRS� RI� 39&� ULVHU� RU� FDVLQJ�� DQG� 
UHFRUG��RQ�WKH�ILHOG�PHDVXUHPHQW�IRUP��VHH�6\QRSWLF�:DWHU�/HYHO�0HDVXUHPHQW�)RUP���� 
,Q�DGGLWLRQ��QRWH�WKH�UHIHUHQFH�SRLQW�XVHG��WRS�RI�39&�ULVHU�RU�FDVLQJ���� 

��	 )RU� DQ\� ZHOO� QRW� SUHYLRXVO\� VDPSOHG� E\� *=$�� UHPRYH� WKH� WXELQJ� IURP� WKH� ZHOO� DQG� 
PHDVXUH�WKH�OHQJWK�RI�DOO�GRZQKROH�WXELQJ�WR�YHULI\�WKH�WXELQJ�LQWDNH���,QVSHFW�WKH�WXELQJ� 
IRU�LQWHJULW\���5HFRUG�OHQJWK�RI�GRZQKROH�WXELQJ�DQG�REVHUYDWLRQV�RQ�WKH�6\QRSWLF�:DWHU� 
/HYHO�0HDVXUHPHQW�)RUP���5HSODFH�WXELQJ�DQG�VHFXUH�WR�WKH�WXELQJ�LQ�WKH�ZHOO�� 

��	 7KH� GHSWK� WR� WKH� ERWWRP� RI� WKH� PRQLWRULQJ� ZHOO� VKRXOG� EH� FRQILUPHG� LQ� HDFK� ZHOO� 
LQFOXGHG� RQ� 7DEOH� �� DQG� UHFRUGHG� RQ� WKH� 6\QRSWLF� :DWHU� /HYHO� 0HDVXUHPHQW� )RUP� 
EDVHG�RQ�WKH�IROORZLQJ�� 

D�	 ,I�D�EODGGHU�SXPS�KDV�EHHQ�LQVWDOOHG�LQ�D�PRQLWRULQJ�ZHOO��WKH�GHSWK�WR�WKH�ERWWRP� 
RI�WKH�PRQLWRULQJ�ZHOO�ZLOO�EH�FRQILUPHG�DW�VXFK�WLPH�ZKHQ�WKH�EODGGHU�SXPS�LV� 
UHPRYHG�IRU�UHSDLUV�RU�PDLQWHQDQFH�DFWLYLWLHV��RU�LI�D�VLJQLILFDQW�LQFUHDVLQJ�WUHQG� 
LQ�WKH�WXUELGO\�YDOXHV�KDV�EHHQ�REVHUYHG��DQG�� 

� �	 �� 



� � 
� :DWHU�/HYHO���/1$3/�7KLFNQHVV�0HDVXUHPHQWV� 
'DWH�������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/������ 
� 

E�	 ,Q�PRQLWRULQJ�ZHOOV�ZKHUH�WKHUH�KDV�EHHQ�QR�EODGGHU�SXPS�LQVWDOOHG��WKH�GHSWK�WR� 
WKH� ERWWRP� RI� WKH� PRQLWRULQJ� ZHOO� ZLOO� EH� FRQILUPHG� RQFH� HYHU\� ILYH� \HDUV�� 
GXULQJ�WKH�VDPSOLQJ�HYHQW�MXVW�SULRU�WR�WKH���\HDU�UHYLHZ�� 

��	 ,Q� ILHOG� ERRN�ILHOG� VKHHW�� QRWH� LI� WKH� ORFN� ZDV� GDPDJHG� RU� PLVVLQJ� DQG� DQ\� SK\VLFDO� 
FKDQJHV�WR�ZHOO�FRQGLWLRQ��VXFK�DV�HURVLRQ�RU�FUDFNV�LQ�SURWHFWLYH�FRQFUHWH�SDG��URDGER[�� 
VWDQGSLSH��HWF��� 

��	 5HPRYH�DOO�GRZQKROH�HTXLSPHQW�XVHG�IRU�WKH�ZDWHU�OHYHO�PHDVXUHPHQW��DQG�UHSODFH�ZHOO� 
FDS�DQG�ORFNLQJ�VWHHO�FDSV��� 

��	 'HFRQWDPLQDWH�DOO�WKH�HTXLSPHQW�HQWHULQJ�WKH�ZHOO�V��LQ�DFFRUGDQFH�ZLWK�WKH� 
GHFRQWDPLQDWLRQ�623��� 

LNAPL THICKNESS MEASUREMENT� 352&('85(6� �:(//6�75(1&+� 
0$1+2/(6�� 
� 

&DUH�VKRXOG�EH�WDNHQ�WR�PLQLPL]H�ZDWHU�FROXPQ�GLVWXUEDQFH���8VH�WKH�IROORZLQJ�SURFHGXUHV�WR� 
FROOHFW�/1$3/�WKLFNQHVV�PHDVXUHPHQWV��� 

��	 2SHQ�WKH�ZHOO�WUHQFK�PDQKROH�FRYHU�DQG�PRQLWRU�WKH�KHDGVSDFH�ZLWK�WKH�DSSURSULDWH�DLU� 
PRQLWRULQJ�LQVWUXPHQW�WR�GHWHUPLQH�WKH�SUHVHQFH�RI�92&V��LI�DSSOLFDEOH����� 

��	 /RZHU� WKH�2LO�:DWHU� ,QWHUIDFH�3UREH�DQG�PHDVXULQJ� WDSH� LQWR� WKH�ZHOO�WUHQFK�PDQKROH� 
XQWLO� WKH� /1$3/� VXUIDFH� LV� UHDFKHG� DV� LQGLFDWHG� E\� D� VROLG� DXGLR� WRQH�� � 5HFRUG� WKH� 
GLVWDQFH� IURP� WKH� UHIHUHQFH� SRLQW� WR� WKH� /1$3/� VXUIDFH� RQ� WKH� /1$3/� 7KLFNQHVV� 
0HDVXUHPHQW�)RUP��� 

��	 &RQWLQXH�WR�ORZHU�WKH�SUREH�DQG�PHDVXULQJ�WDSH�LQWR�WKH�ZHOO���WUHQFK�PDQKROH�XQWLO�WKH� 
/1$3/�ZDWHU� LQWHUIDFH� LV� UHDFKHG� DV� LQGLFDWHG� E\� D� EHHSLQJ� DXGLR� WRQH�� � 5HFRUG� WKH� 
GLVWDQFH� IURP� WKH� UHIHUHQFH�SRLQW� WR� /1$3/�ZDWHU� LQWHUIDFH�RQ� WKH� /1$3/�7KLFNQHVV� 
0HDVXUHPHQW�)RUP���� 

��	 &DOFXODWH� WKH� WKLFNQHVV� E\� WDNLQJ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� PHDVXUHPHQWV� DQG� 
UHFRUG�RQ�WKH�/1$3/�7KLFNQHVV�0HDVXUHPHQW�)RUP���� 

��	 ,I� WKHUH� LV� QR� PHDVXUHDEOH� /1$3/� WKLFNQHVV�� KRZHYHU�� JOREXOHV� DUH� REVHUYHG� RQ� WKH� 
ZDWHU�VXUIDFH�RU�RQ�WKH�SUREH�WLS��UHFRUG�WKH�WKLFNQHVV�DV�³7UDFH´�� 

��	 ,Q� ILHOG� ERRN�ILHOG� VKHHW�� QRWH� LI� WKH� ORFN� ZDV� GDPDJHG� RU� PLVVLQJ� DQG� DQ\� SK\VLFDO� 
FKDQJHV�WR�ZHOO�FRQGLWLRQ��VXFK�DV�HURVLRQ�RU�FUDFNV�LQ�SURWHFWLYH�FRQFUHWH�SDG��URDGER[�� 
VWDQGSLSH��HWF��� 

��	 5HPRYH� DOO� GRZQKROH� HTXLSPHQW� XVHG� IRU� WKH� /1$3/� WKLFNQHVV� PHDVXUHPHQW�� DQG� 
UHSODFH�ZHOO�FDS�DQG�ORFNLQJ�VWHHO�FDSV�WUHQFK�PDQKROH�FRYHU��� 

� �	 �� 



� � 
� :DWHU�/HYHO���/1$3/�7KLFNQHVV�0HDVXUHPHQWV� 
'DWH�������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/������ 
� 
�� 'HFRQWDPLQDWH� DOO� WKH� HTXLSPHQW� HQWHULQJ� WKH� ZHOO�V�� LQ� DFFRUGDQFH� ZLWK� WKH� 

GHFRQWDPLQDWLRQ�623��� 
� 
5(&25'6�$1'�'2&80(17$7,21� 
� 
$OO� ZDWHU� OHYHO�� /1$3/� WKLFNQHVV� LQIRUPDWLRQ� VKRXOG� EH� UHFRUGHG� RQ� WKH� DWWDFKHG� :DWHU� /HYHO� 
0HDVXUHPHQW�DQG�/1$3/�7KLFNQHVV�0HDVXUHPHQW�)RUPV� 
� 
$33/,&$%/(�5()(5(1&(6�$1'�67$1'$5'6� 
� 
8QLWHG� 6WDWHV� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� ±� (QYLURQPHQWDO� 5HVSRQVH� 7HDP� 6WDQGDUG� 
2SHUDWLQJ�3URFHGXUHV�³:DWHU�/HYHO�0HDVXUHPHQW´�623�������5HYLVLRQ������)HEUXDU\����������� 
86(3$�&RQWUDFW����&������� 
� 
:DWHU� /HYHO� 0HDVXUHPHQW� 3URFHGXUH� LQFOXGHG� LQ� WKH� FXUUHQW� +D]DUGRXV� :DVWH� 5HPHGLDWLRQ� 
%XUHDX�0DVWHU�4$33��(3$�5)$�������� 
� 
$77$&+0(176� 
� 
:DWHU�/HYHO�0HDVXUHPHQW�)RUP� 
/1$3/�7KLFNQHVV�0HDVXUHPHQW�)RUP� 
� 
� 
3�?��-REV?�������V?�������������?��������������7UR\�/1$3/�)ROORZ�2Q�,QYHVW?:RUN?7DVN�����6$3��:RUNSODQ?)LQDO�7UR\�6$3�:RUNSODQ��������?5HYLVHG� 
623V?623�/��B��:DWHU�/HYHO�DQG�/1$3/�0HDVXUHPHQW����������63�����GRF� 
� 

� � �� 



 

:DWHU�/HYHO�0HDVXUHPHQW�)RUP 'DWH�BBBBBBBBBBBB 
7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH 

7UR\��1HZ�+DPSVKLUH )LHOG�(QJLQHHU�BBBBBBBBBBBB 

0RQLWRULQJ� 
:HOO� 

'HVLJQDWLRQ 

:HOO�7\SH 
���LQ������LQ�HWF� 0HDVXULQJ�3RLQW 

5HSRUWHG�'HSWK�WR� 
:HOO�%RWWRP� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

0HDVXUHG�'HSWK�7R� 
:DWHU� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

0HDVXUHG�'HSWK�WR�:HOO� 
%RWWRP� 

�IW�UHIHUHQFHG�WR�PHDVXULQJ� 
SRLQW��RQO\�LI�VSHFLILHG�LQ� 

6$3� 

&RPPHQWV 

:HOOV�&XUUHQWO\�6DPSOHG�7KDW�+DYH�6FUHHQ�/HQJWKV�*UHDWHU�WKDQ����IHHW 

75<B0:���� ������LQ�39& &DVLQJ �� 

75<B0:����6 ��LQ�39& 39& ���� 

75<B0:����6 ��LQ�39& 39& �� 

:HOOV�&XUUHQWO\�6DPSOHG�:LWK�6FUHHQ�/HQJWKV�(TXDO�WR�RU�/HVV�WKDQ����IHHW 

75<B0:���� ��LQ�39& 39& ���� 

75<B0:���� ��LQ�39& &DVLQJ ���� 

75<B0:���� ��LQ�39& 39& ���� 

75<B0:���� ��LQ�39& 39& ���� 

75<B0:���� ��LQ�39& 39& ���� 

75<B0:���� ��LQ�39& 39& ���� 

1RWHV� 
�����������LQGLFDWHV�WKDW�GDWD�ZDV�QRW�REWDLQHG� 
����1$� �QRW�DSSOLFDEOH 

������������� *=$�*HR(QYLURQPHQWDO��,QF� 



/1$3/�7KLFNQHVV�0HDVXUHPHQW�)RUP 'DWH�BBBBBBBBBBBB 
7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH 

7UR\��1HZ�+DPSVKLUH )LHOG�(QJLQHHU�BBBBBBBBBBBB 

0RQLWRULQJ� 
:HOO� 

'HVLJQDWLRQ 

:HOO�7\SH 
���LQ������LQ�HWF� 0HDVXULQJ�3RLQW 

5HSRUWHG�'HSWK�WR� 
:HOO�%RWWRP� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

0HDVXUHG�/1$3/� 
6XUIDFH� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

0HDVXUHG�'HSWK�7R� 
/1$3/�:DWHU� 
,QWHUIDFH� 

�IW��UHIHUHQFHG�WR� 
PHDVXULQJ�SRLQW� 

/1$3/� 
7KLFNQHVV 
��IHHW� 

0HDVXUHG�'HSWK�WR�:HOO� 
%RWWRP� 

�IW��UHIHUHQFHG�WR�PHDVXULQJ� 
SRLQW��RQO\�LI�VSHFLILHG�LQ� 

6$3� 

&RPPHQWV 

:HOOV�:LWK�/1$3/�7KLFNQHVV�0HDVXUHPHQWV�2QO\ 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:�&�6 ��LQ�39& 39& ���� 

75<B0:����6 ������LQ�39& 39& ���� 

75<B0:����3 ��LQFK�&DVLQJ &DVLQJ ���� 

1RWHV� 
�����������LQGLFDWHV�WKDW�GDWD�ZDV�QRW�REWDLQHG� 

������������� *=$�*HR(QYLURQPHQWDO��,QF� 



�
 

623�/���� 

&$/,%5$7,21�2)�+$&+�785%,',7<�0(7(5� 

&DOLEUDWLRQ�'DWD�)RUP� 

�
 



&DOLEUDWLRQ�RI�7XUELGLW\�0HWHU� 
'DWH��������������5HYLVLRQ�1R����� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�1R��/��� 
� 
� 

&$/,%5$7,21�2)�785%,',7<�0(7(5� 
� 
� 
385326(� 
� 
7KH�SXUSRVH�RI�WKLV�VWDQGDUG�RSHUDWLQJ�SURFHGXUH��623��LV�WR�SURYLGH�D�IUDPHZRUN�IRU�FDOLEUDWLQJ� 
WKH�+DFK�����3�7XUELGLW\�0HWHU�WKDW�ZLOO�EH�XVHG�WR�FROOHFW�WXUELGLW\�PHDVXUHPHQWV�IRU�JURXQG� 
ZDWHU�DW�WKH�7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH�LQ�7UR\��1HZ�+DPSVKLUH��� 
� 
$OO� ILHOG� LQVWUXPHQWV� PXVW�EH�FDOLEUDWHG��DQG�KDYH�D� FDOLEUDWLRQ�FKHFN�� RQFH� LQ� WKH�RIILFH� 
SULRU�WR�WKH�VDPSOLQJ�HYHQW�WR�HQVXUH�WKDW�WKH�XQLWV�DUH�ZRUNLQJ�SURSHUO\�� 
� 
� 
&$/,%5$7,21�$&&(37$1&(�&5,7(5,$� 
� 
7KH� LQVWUXPHQW� FDOLEUDWLRQ� VKDOO�EH� FKHFNHG� DW� WKH�EHJLQQLQJ�RI� HDFK� VDPSOLQJ�GD\�DW� WKH�6LWH� 
SULRU� WR�VDPSOH�FROOHFWLRQ�� � ,I� WKH�PRUQLQJ�FDOLEUDWLRQ�FKHFN� LV�QRW�ZLWKLQ� WKH�DFFHSWDEOH�UDQJH� 
WKH�LQVWUXPHQW�VKDOO�EH�UHFDOLEUDWHG�XVLQJ�DOO� WKH�VWDQGDUGV�DQG�WKH�FDOLEUDWLRQ�VKDOO�EH�FKHFNHG� 
DJDLQ�� � ,I� SUREOHPV� ZLWK� WKH� LQVWUXPHQW� FRQWLQXH�� D� EDFNXS� LQVWUXPHQW� VKDOO� EH� FDOLEUDWHG� DQG� 
XVHG�LQ�SODFH�RI�WKH�LQRSHUDEOH�XQLW���� 
� 
7KH�FDOLEUDWLRQ�VKDOO�EH�FKHFNHG�DJDLQ�DW�WKH�HQG�RI�WKH�GD\�RI�XVH�WR�HQVXUH�WKDW�WKH�LQVWUXPHQWV� 
KDYH� UHPDLQHG� LQ� FDOLEUDWLRQ� WKURXJKRXW� WKH� GD\�� � ,Q� DGGLWLRQ�� VKRXOG� DQ\� HUUDWLF� RU� LOORJLFDO� 
UHDGLQJV�RFFXU�EHWZHHQ�FDOLEUDWLRQV��WKH�LQVWUXPHQW�VKDOO�EH�UHFDOLEUDWHG�LQ�RUGHU�WR�HQVXUH�WKDW� 
UHSUHVHQWDWLYH�PHDVXUHPHQWV�DUH�REWDLQHG���$OO�FDOLEUDWLRQ�DQG�FKHFN�YDOXHV�VKDOO�EH�GRFXPHQWHG� 
RQ�WKH�FDOLEUDWLRQ�ORJ�PDLQWDLQHG�E\�HDFK�XVHU��VHH�DWWDFKHG�ORJ����� 
� 
,I�D�FDOLEUDWLRQ�FKHFN�DW�WKH�HQG�RI�WKH�GD\�LV�QRW�ZLWKLQ�WKH�DFFHSWDEOH�UDQJH�WKH�GDWD�FROOHFWHG� 
WKDW�GD\�IRU�WKDW�SDUDPHWHU�VKDOO�EH�TXDOLILHG�LQ�LWV�XVH���7KLV�TXDOLILFDWLRQ�VKDOO�EH�GRFXPHQWHG� 
RQ� WKH� FDOLEUDWLRQ� ORJ� DQG� WKH� ILHOG� VKHHWV�ORJV� IRU� WKH� DSSURSULDWH� VDPSOLQJ� ORFDWLRQV�� � )RU� 
H[DPSOH�� ,I� WKH� DIWHUQRRQ� WXUELGLW\� FDOLEUDWLRQ� FKHFN� ZDV� QRW� ZLWKLQ� WKH� DFFHSWDEOH� UDQJH� WKDW� 
GD\��WKH�WXUELGLW\�GDWD�FROOHFWHG�E\�WKDW�LQVWUXPHQW�RQ�WKDW�GD\�ZRXOG�EH�TXDOLILHG�DV�XVHIXO�RQO\� 
DV�D�VFUHHQLQJ�WRRO�DQG�QRW�DV�UHSUHVHQWDWLYH�WXUELGLW\�PHDVXUHPHQWV�RI�WKH�ZDWHU�EHLQJ�VDPSOHG��� 
7KDW�TXDOLILFDWLRQ�ZRXOG�WKHQ�EH�GRFXPHQWHG�RQ�WKH�FDOLEUDWLRQ�ORJ�DQG�WKH�VDPSOLQJ�ZRUNVKHHWV� 
RU�ORJ�ERRN�IRU�HDFK�RI�WKH�ORFDWLRQV�ZKHUH�WKH�LQVWUXPHQW�ZDV�XVHG���� 
� 
&2/'�:($7+(5�&21',7,216� 
� 
*LYHQ�WKH�WHPSHUDWXUH�VHQVLWLYLW\�RI�WKH�FDOLEUDWLRQ�VROXWLRQV�LQ�YHU\�FROG�ZHDWKHU�FRQGLWLRQV��WKH� 
1HZ�+DPSVKLUH�'HSDUWPHQW�RI�(QYLURQPHQWDO�6HUYLFHV��1+'(6��SURMHFW�PDQDJHU�PD\�DSSURYH� 
SHUIRUPLQJ�WKH�PRUQLQJ�FDOLEUDWLRQ�DQG�FDOLEUDWLRQ�FKHFN�LQ�WKH�RIILFH�MXVW�SULRU�WR�JRLQJ�LQWR�WKH� 
ILHOG�DQG�WKH�HQG�RI�WKH�GD\�FDOLEUDWLRQ�FKHFN�XSRQ�UHWXUQLQJ�WR�WKH�RIILFH���&DUHIXO�WKRXJKW�PXVW� 
EH�JLYHQ�EHIRUH�DSSURYDO���2Q�RQH�KDQG�WKLV�PD\�DYRLG�GHOD\V�DQG�EXGJHW�LQFUHDVHV�GXH�WR�FROG� 
ZHDWKHU�FDOLEUDWLRQ�LVVXHV�LQ�WKH�ILHOG���2Q�WKH�RWKHU�KDQG��QRW�EHLQJ�DEOH�WR�FKHFN�WKH�FDOLEUDWLRQ� 
RU�UH�FDOLEUDWH�LQ�WKH�ILHOG�PD\�UHVXOW�LQ�WKH�TXDOLILFDWLRQ�RU�ORVV�RI�GDWD�LI�WKHUH�DUH�SUREOHPV�ZLWK� 

��
 






&DOLEUDWLRQ�RI�7XUELGLW\�0HWHU� 
'DWH��������������5HYLVLRQ�1R����� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�1R��/��� 
� 
� 
WKH�HTXLSPHQW�WKDW�GD\���,Q�HDFK�FDVH��WKLV�GHYLDWLRQ�WR�WKH�QRUPDO�SURFHGXUH�PXVW�EH�DSSURYHG� 
E\� WKH� 1+'(6� SURMHFW� PDQDJHU� LQ� DGYDQFH�� � ,I� DSSURYHG�� LW� PXVW� EH� GRFXPHQWHG� RQ� HDFK� 
&DOLEUDWLRQ�/RJ�DQG� LQ�DOO�6LWH�VDPSOLQJ�DQG�DQQXDO� UHSRUWV� WKDW� WKH�FDOLEUDWLRQ�DQG�FKHFNV�IRU� 
WKDW� GD\� ZHUH� SHUIRUPHG� RII�VLWH� GXH� WR� YHU\� FROG� ZHDWKHU� FRQGLWLRQV�� LQFOXGLQJ� ZKHUH� WKH� 
FDOLEUDWLRQ� DQG� FKHFNV� ZHUH� SHUIRUPHG� DQG� WKDW� LW� ZDV� DSSURYHG� LQ� DGYDQFH� E\� WKH� 1+'(6� 
SURMHFW�PDQDJHU���6HH�SDJH�WZR�RI�WKH�DWWDFKHG�&DOLEUDWLRQ�/RJ�� 
� 
(48,30(17�$1'�0$7(5,$/6� 
� 
7KH�IROORZLQJ�LV�D�OLVW�RI�HTXLSPHQW�DQG�PDWHULDOV�XVHG�GXULQJ�FDOLEUDWLRQ�� 
� 

+DFK�����3�7XUELGLW\�PHWHU� 

&DOLEUDWLRQ�VWDQGDUGV��178��������������������� 

.LPZLSHV� 

&DOLEUDWLRQ�ORJ� 
� 
*(1(5$/�,1)250$7,21� 
� 
,Q� JHQHUDO�� DOO� LQVWUXPHQWDWLRQ� QHFHVVDU\� IRU� ILHOG� PRQLWRULQJ� DQG� KHDOWK� DQG� VDIHW\� SXUSRVHV� 
VKDOO� EH� PDLQWDLQHG�� WHVWHG� DQG� LQVSHFWHG� DFFRUGLQJ� WR� WKH� PDQXIDFWXUHU
 V� LQVWUXFWLRQV�� � ,W� LV� 
DVVXPHG� WKDW�PRVW�RI� WKLV� HTXLSPHQW�ZLOO� EH� UHQWHG�DQG� LV� QRW�RZQHG�E\� WKH�FRQWUDFWRU�� �$Q\� 
UHIHUHQFH�PDGH�WR�D�YHQGRU�DSSOLHV�WR�WKH�RZQHU�UHQWHU�RI�WKH�HTXLSPHQW���� 
� 
3ULRU� WR� FDOLEUDWLRQ�� WKH� LQVWUXPHQW� PXVW� EH� FOHDQHG� LQ� DFFRUGDQFH� ZLWK� WKH� PDQXIDFWXUHU V� 
LQVWUXFWLRQV�� SUHIHUDEO\� E\� WKH� YHQGRU� LI� WKH� XQLW� LV� UHQWHG�� � )DLOXUH� WR� SHUIRUP� WKLV� SURSHU� 
PDLQWHQDQFH�VWHS�FDQ� OHDG� WR�HUUDWLF�PHDVXUHPHQWV�� �7KH�YHQGRU� LV� UHTXLUHG� WR�SURYLGH�ZULWWHQ� 
GRFXPHQWDWLRQ� �ZKLFK� ZLOO� EH� LQFOXGHG� LQ� VDPSOLQJ� UHSRUWV�� WKDW� LQGLFDWHV� WKH� HTXLSPHQW� ZDV� 
FOHDQHG��E\�ZKR�DQG�GDWHG�� 
� 
&DOLEUDWLRQ�VWDQGDUG�YDOXHV��FKHFN�UHVXOWV��DQG�PDLQWHQDQFH�IRU�HDFK�SLHFH�RI�HTXLSPHQW�VKDOO�EH� 
GRFXPHQWHG� RQ� WKH� FDOLEUDWLRQ� ORJV� DQG� LQFOXGHG� LQ� GDWD�DQQXDO� UHSRUWV�� � 7KLV� LQIRUPDWLRQ� 
LQFOXGHV� GDWHV�� SHUVRQQHO�� FDOLEUDWLRQ� VWDQGDUGV� H[SLUDWLRQ� GDWHV�� HWF�� � $� FDOLEUDWLRQ� ORJ� LV� 
SURYLGHG�DW�WKH�HQG�RI�WKLV�623�� 
� 
7KLV� 623� UHTXLUHV� WKDW� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQ� PDQXDO�V�� �LQFOXGLQJ� WKH� LQVWUXPHQW� 
VSHFLILFDWLRQV��DFFRPSDQ\�WKH�LQVWUXPHQWV�LQWR�WKH�ILHOG�� 
� 
7XUQ�RQ�WKH�LQVWUXPHQW�DQG�DOORZ�LW�WR�ZDUP�XS�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHV�LQVWUXFWLRQV�� 
� 
5HFRUG�WKH�ORW�QXPEHU�DQG�H[SLUDWLRQ�GDWH�RI�HDFK�FDOLEUDWLRQ�VROXWLRQ�RQ�WKH�FDOLEUDWLRQ�ORJ��� 
� 
� 
� 

��
 



&DOLEUDWLRQ�RI�7XUELGLW\�0HWHU� 
'DWH��������������5HYLVLRQ�1R����� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�1R��/��� 
� 
� 
&$/,%5$7,21�352&('85(6� 
� 
785%,',7<� 
� 
7KH� WXUELGLW\� PHWKRG� LV� EDVHG� XSRQ� D� FRPSDULVRQ� RI� LQWHQVLW\� RI� OLJKW� VFDWWHUHG� E\� D� VDPSOH� 
XQGHU�GHILQHG�FRQGLWLRQV�ZLWK�WKH�LQWHQVLW\�RI�OLJKW�VFDWWHUHG�E\�D�VWDQGDUG�UHIHUHQFH�VXVSHQVLRQ�� 
$�WXUELGLPHWHU�LV�D�QHSKHORPHWHU�ZLWK�D�YLVLEOH�OLJKW�VRXUFH�IRU�LOOXPLQDWLQJ�WKH�VDPSOH�DQG�RQH� 
RU�PRUH�SKRWR�HOHFWULF�GHWHFWRUV�SODFHG�QLQHW\�GHJUHHV�WR�WKH�SDWK�RI�WKH�OLJKW�VRXUFH�� 
� 
7KH�+:5%�ORZ�IORZ�SURFHGXUH�UHTXLUHV�WKDW� WKH�WXUELGLW\�PHWHU�VKDOO�KDYH�D�FDOLEUDWLRQ�UDQJH� 
IURP������WR������������178V���� 
� 
&RQGHQVDWLRQ��IRJJLQJ���� 
&RQGHQVDWLRQ�PD\�RFFXU�RQ� WKH�RXWVLGH�RI� WKH�VDPSOH�FHOO�ZKHQ�PHDVXULQJ�D�FROG�VDPSOH� LQ�D� 
ZDUP��KXPLG�HQYLURQPHQW���&RQGHQVDWLRQ�LQWHUIHUHV�ZLWK�WXUELGLW\�PHDVXUHPHQW��VR�DOO�PRLVWXUH� 
PXVW� EH� WKRURXJKO\� ZLSHG� RII� WKH� VDPSOH� FHOO� EHIRUH� PHDVXUHPHQW�� � ,I� IRJJLQJ� UHFXUV�� OHW� WKH� 
VDPSOH�ZDUP�VOLJKWO\�E\�VWDQGLQJ�DW�DPELHQW�WHPSHUDWXUH�RU�LPPHUVLQJ�LQ�D�FRQWDLQHU�RI�DPELHQW� 
WHPSHUDWXUH�ZDWHU�IRU�D�VKRUW�SHULRG���$IWHU�ZDUPLQJ��JHQWO\�LQYHUW�WKH�VDPSOH�FHOO�WR�WKRURXJKO\� 
PL[�WKH�FRQWHQWV�EHIRUH�PHDVXUHPHQW���� 
� 
7KLV� SURFHGXUH� LV� EDVHG� RQ� WKH� XVH� RI� WKH� +DFK� ����3� 7XUELGLPHWHU� DQG� WKH� FRPPHUFLDOO\�
DYDLODEOH�6WDEO&DO��)RUPD]LQ�3ULPDU\�7XUELGLW\�6WDQGDUGV�� 
� 
&DOLEUDWLRQ�&DOLEUDWLRQ�&KHFN�3URFHGXUHV�IRU�WKH�+DFK�����3�7XUELGLW\�0HWHU� 
� 
��	 8VH�WKH�FRPPHUFLDOO\�DYDLODEOH�6WDEO&DO��)RUPD]LQ�3ULPDU\�7XUELGLW\�6WDQGDUGV��� 

��	 %HIRUH�SHUIRUPLQJ�WKH�FDOLEUDWLRQ�SURFHGXUH��PDNH�VXUH�WKH�FHOOV�DUH�QRW�VFUDWFKHG���,I�WKH� 
FHOO�LV�VFUDWFKHG��WKH�VWDQGDUG�PXVW�EH�UHSODFHG�� 

��	 $OORZ�WKH�FDOLEUDWLRQ�VWDQGDUGV�WR�HTXLOLEUDWH�DW�WKH�DPELHQW�WHPSHUDWXUH��� 

��	 7XUQ�RQ�WKH�PHWHU�� 

��	 7KH�PHWHU�VKRXOG�EH�LQ�WKH�$XWR�5DQJH���³$XWR�5QJ´�DQG������178V�VKRXOG�VKRZ�RQ�WKH� 
GLVSOD\�� � ,I� QRW� SUHVV� WKH� UDQJH� NH\� XQWLO� LW� LV� LQ� WKH� DXWR� UDQJH� DQG� UHDGLQJ� WR� WZR� ���� 
GHFLPDO�SRLQWV��H�J���������� 

��	 *HQWO\�LQYHUW�WKH�VWDQGDUGV�WR�WKRURXJKO\�PL[�WKH�FRQWHQWV����'2�127�6+$.(�� 
��	 :LSH�WKH�VWDQGDUGV�ZLWK�D�VRIW��OLQW�IUHH�FORWK�RU�.LPZLSH�WR�PDNH�VXUH�WKH�RXWVLGH�VXUIDFHV� 

DUH�GU\��IUHH�IURP�ILQJHUSULQWV�DQG�GXVW�� 

��	 ,QVHUW� WKH�VWDQGDUG�LQWR�WKH�FHOO�FRPSDUWPHQW�E\�DOLJQLQJ�WKH�RULHQWDWLRQ�PDUN�RQ�WKH�FHOO� 
ZLWK�WKH�PDUN�RQ�WKH�IURQW�RI�WKH�FHOO�FRPSDUWPHQW�� 

��	 ,QVHUW�WKH�ILUVW��EODQN��VWDQGDUG�������178��LQWR�WKH�FHOO�FRPSDUWPHQW�DQG�FORVH�WKH�OLG�� 

���	 3UHVV�&$/���7KH�³&$/´�DQG�³6�´�LFRQV�ZLOO�EH�GLVSOD\HG��WKH�³�´�ZLOO�IODVK��� 

��
 



&DOLEUDWLRQ�RI�7XUELGLW\�0HWHU� 
'DWH��������������5HYLVLRQ�1R����� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�1R��/��� 
� 
� 
���	 3UHVV�5($'�� �7KH�LQVWUXPHQW�ZLOO�FRXQW�GRZQ�IURP����WR����UHDG�WKH�EODQN�DQG�XVH�LW�WR� 

FDOFXODWH� D� FRUUHFWLRQ� IDFWRU� IRU� WKH� VHFRQG�� ��� 178� VWDQGDUG�� � 7KH� GLVSOD\� ZLOO� 
DXWRPDWLFDOO\�LQFUHPHQW� WR� WKH�QH[W�VWDQGDUG�� �7KH�GLVSOD\�ZLOO�QRZ�VKRZ�³6�´��ZLWK�WKH� 
��IODVKLQJ�� DQG� ³��� 178´�� WKH� YDOXH� RI� WKH� VHFRQG� VWDQGDUG�� � 5HPRYH� WKH� ����� 178� 
VWDQGDUG�IURP�WKH�FRPSDUWPHQW�� 

���	 ,QVHUW�WKH�VHFRQG�����178��VWDQGDUG�LQWR�WKH�FHOO�FRPSDUWPHQW�DQG�FORVH�WKH�OLG�� 

���	 3UHVV� 5($'�� � 7KH� LQVWUXPHQW� ZLOO� FRXQW� GRZQ� IURP� ��� WR� ��� PHDVXUH� WKH� WXUELGLW\� DQG� 
VWRUH� WKH� YDOXH�� � 7KH� GLVSOD\� ZLOO� DXWRPDWLFDOO\� LQFUHPHQW� WR� WKH� QH[W� VWDQGDUG� ZLWK� WKH� 
GLVSOD\�VKRZLQJ�³6�´��ZLWK�WKH���IODVKLQJ��DQG�³����178´��WKH�YDOXH�RI�WKH�WKLUG�VWDQGDUG��� 
5HPRYH�WKH����178�VWDQGDUG�IURP�WKH�FRPSDUWPHQW�� 

���	 ,QVHUW�WKH�WKLUG������178��VWDQGDUG�LQWR�WKH�FHOO�FRPSDUWPHQW�DQG�FORVH�WKH�OLG�� 

���	 3UHVV� 5($'�� � 7KH� LQVWUXPHQW� ZLOO� FRXQW� GRZQ� IURP� ��� WR� ��� PHDVXUH� WKH� WXUELGLW\� DQG� 
VWRUH�WKH�YDOXH���7KH�GLVSOD\�ZLOO�DXWRPDWLFDOO\�LQFUHPHQW�WR�WKH�QH[W�VWDQGDUG���7KH�GLVSOD\� 
ZLOO�VKRZ�WKH�³6�´��ZLWK�WKH���IODVKLQJ��DQG�WKH�����178�VWDQGDUG��WKH�YDOXH�RI�WKH�IRXUWK� 
VWDQGDUG���5HPRYH�WKH�����178�VWDQGDUG�IURP�WKH�FRPSDUWPHQW�� 

���	 ,QVHUW�WKH�IRXUWK�DQG�ODVW������178��VWDQGDUG�LQWR�WKH�FHOO�FRPSDUWPHQW�DQG�FORVH�WKH�OLG�� 

���	 3UHVV� 5($'�� � 7KH� LQVWUXPHQW� ZLOO� FRXQW� GRZQ� IURP� ��� WR� ��� PHDVXUH� WKH� WXUELGLW\� DQG� 
VWRUH�WKH�YDOXH���7KHQ�WKH�GLVSOD\�ZLOO�LQFUHPHQW�EDFN�WR�WKH�6��GLVSOD\���5HPRYH�WKH����� 
178�VWDQGDUG�IURP�WKH�FRPSDUWPHQW�DQG�FORVH�WKH�OLG���� 

���	 3UHVV�&$/�WR�DFFHSW�WKH�FDOLEUDWLRQ���7KH�LQVWUXPHQW�ZLOO�UHWXUQ�WR�WKH�PHDVXUHPHQW�PRGH� 
DXWRPDWLFDOO\�� 

���	 7R� FKHFN� WKH� FDOLEUDWLRQ� �LQ� UXQ� PRGH��� LQVHUW� WKH� ��� 178� VWDQGDUG� LQWR� WKH� FHOO� 
FRPSDUWPHQW�DQG�FORVH�WKH�OLG�� 

���	 3UHVV� 5($'�� � 7KH� PHWHU� ZLOO� GLVSOD\� D� ODPS� V\PERO� �ZKLFK� ORRNV� OLNH� D� OLJKW� EXOE�� 
LQGLFDWLQJ�WKDW�WKH�UHDGLQJ�LV�LQ�SURJUHVV���7KH�ODPS�WXUQV�RII�DQG�WKH�PHDVXUHPHQW�YDOXH�LV� 
GLVSOD\HG���5HFRUG�WKH�WXUELGLW\�UHDGLQJ�RQ�WKH�FDOLEUDWLRQ�ORJ���7KH�FDOLEUDWLRQ�FKHFN�PXVW� 
EH� ���� ��� ������� 178V��� � ,I� QRW�� UHFDOLEUDWH� XVLQJ� DOO� VWDQGDUGV�� � ,I� UH�FDOLEUDWLRQ� LV� 
XQVXFFHVVIXO��XVH�QHZ�VWDQGDUGV��FRQVXOW�WKH�PDQXIDFWXUH�YHQGRU�RU�UHSODFH�WKH�XQLW�� 

��� 5HPRYH�WKH����178�FKHFN�VWDQGDUG�IURP�WKH�FRPSDUWPHQW�DQG�FORVH�WKH�OLG���� 
� 
'$7$�0$1$*(0(17�$1'�5(&25'6�0$1$*(0(17� 
� 
$OO� FDOLEUDWLRQ� LQIRUPDWLRQ� PXVW� EH� GRFXPHQWHG� RQ� WKH� DWWDFKHG� FDOLEUDWLRQ� ORJ�� LQFOXGLQJ� WKH� 
LQVWUXPHQW�PDQXIDFWXUHU��PRGHO�QXPEHU� DQG� LGHQWLILFDWLRQ�QXPEHU�� VWDQGDUGV�XVHG� WR� FDOLEUDWH� 
WKH� LQVWUXPHQWV� �LQFOXGLQJ� VRXUFH�� ORW� QXPEHUV� DQG� H[SLUDWLRQ� GDWHV��� GDWH�� SHUVRQQHO�� WKH� 
LQVWUXPHQW�UHDGLQJV��HWFHWHUD���(DFK�GDLO\�FDOLEUDWLRQ�ORJ�VKDOO�EH�GDWHG�DQG�VLJQHG�E\�WKH�XVHU�� 
� 

��
 



&DOLEUDWLRQ�RI�7XUELGLW\�0HWHU� 
'DWH��������������5HYLVLRQ�1R����� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�1R��/��� 
� 
� 
5()(5(1&(6� 
� 
&DOLEUDWLRQ�RI�)LHOG�,QVWUXPHQWV�623�LQFOXGHG�LQ�WKH�FXUUHQW�+D]DUGRXV�:DVWH�5HPHGLDWLRQ� 
%XUHDX�0DVWHU�4$33��(3$�5)$�������� 
� 
+DFK�0RGHO�����3�3RUWDEOH�7XUELGLW\�,QVWUXFWLRQ�0DQXDO�� 
� 
$77$&+0(176� 
� 
&DOLEUDWLRQ�/RJ� 
� 
3�?��-REV?�������V?�������������?��������������7UR\�/1$3/�)ROORZ�2Q�,QYHVW?:RUN?7DVN�����6$3��:RUNSODQ?)LQDO�7UR\�6$3�:RUNSODQ��������?5HYLVHG�623V?623�/��B���&DOLEUDWLRQ�RI� 

+DFK�7XUELGLW\�0HWHU���������63�5HGOLQH�����GRF� 

� 

��
 



                     

                

 

  

 
 
 

 
 
 

 
 
 

 

 

 HACH 2100P TURBIDIMETER CALIBRATION LOG 
Date:  Time: Field Personnel: 

HACH Serial Number: Rental Company: 

Pre-cleaned Certification Provided By: Personnel Date: 
Beginning Calibration 

Calibration Standards 
Value of 
Standard 

Check as 
Completed Lot # Expiration 

Date Comments

 Turbidity  1st Standard (blank) <0.1 NTU Calibrate w/ StablCal® Formazin Primary Turbidity Standards 

                 2nd Standard 20 NTU 

                 3rd Standard 100 NTU 
                 4th Standard 800 NTU 

Post Calibration Check

Calibration Check
Value of 
Standard 

Check 
Results 

Acceptable 
Range 

Within 
Range 

(yes/no) 
Lot # Expiration 

Date Comments 

 Turbidity 2nd Standard (NTU) 20 +/- 5% Range 19.0 - 21.0 NTU 

Calibration & Post Calibration Check Performed by:  ________________________________(Print)__________________________________ (Sign) 

Daily Morning Calibration Check 

Calibration Check 
Value of 
Standard 

Check 
Results 

Acceptable 
Range 

Within 
Range 

(yes/no) 
Lot # Expiration 

Date Comments 

 Turbidity 2nd Standard (NTU) 20 +/- 5% Range 19.0 - 21.0 NTU 

Calibration Check Performed by:  ________________________________(Print)__________________________________ (Sign) 

END OF DAY INSTRUMENT CALIBRATION CHECK 

Calibration Check 
Value of 
Standard 

Check 
Results 

Acceptable 
Range 

Within 
Range 

(yes/no) 
Lot # Expiration 

Date Comments 

Date:  Time: Personnel:
 Turbidity 2nd Standard (NTU) 20 +/- 5% Range 19.0 - 21.0 NTU

Calibration Check by ___________________________________ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
Print Name Signature 

Notes: 

1) If the post calibration check is not within the acceptable range the meter must be recalibrated. 

2) If the end of the day calibration check is not within the acceptable range the data collected that day for that parameter shall be qualified in it's use. 

3) All calibration checks must be made in the run mode (on a run/measurement screen), not the calibration mode. 

4) If the lot numbers and expiration dates are the same as the initial calibration place a check mark 9 in the appropriate box. 

Weather Conditions: 
If the calibration/calibration check was performed off-site (e.g. in the office, etc) due to weather conditions, check (√) here:______ 

Where off-site was the calibration/calibration check performed? _____________________________________________________________ 

List wells sampled using this equipment on this day if data needs to be qualified 
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),(/'�021,725,1*��3+272,21,=$7,21�'(7(&725� 

�
 



0DVWHU�4$33�� )LHOG�0RQLWRULQJ��3KRWRLRQL]DWLRQ�'HWHFWRU�� 
'DWH��������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� � 
� 
� 
),(/'�021,725,1*��3+272,21,=$7,21�'(7(&725��7(,�02'(/����%�� 

� 
� 
385326(� 
� 
7R� SURYLGH� RSHUDWLQJ� SURFHGXUHV� IRU� WKH� 7(,� 0RGHO� ���%� SKRWRLRQL]DWLRQ� GHWHFWRU� �3,'�� IRU� 
ILHOG� VXUYH\LQJ� RU� RUJDQLF� YDSRUV� DW� WKH� 7UR\� 0LOOV� /DQGILOO� 6XSHUIXQG� 6LWH� LQ� 7UR\�� 1HZ� 
+DPSVKLUH�� 
� 
1RWH���)LHOG�VWDII�QHHG�WR�FKHFN�ZLWK�WKH�SULQFLSDO�LQ�FKDUJH��3,&��DQG�RU�WKH�SURMHFW�PDQDJHU��30�� 
EHIRUH�FRQGXFWLQJ�ILHOG�ZRUN�WR�FRQILUP�WKH�DFWXDO�ILHOG�SURFHGXUH�WR�EH�IROORZHG�DQG�WR�GLVFXVV�DQG� 
GRFXPHQW�DQ\�GHYLDWLRQV�WR�*=$¶V�623�� 
� 
(48,30(17�$1'�0$7(5,$/6� 
� 

7(,� 0RGHO� ���%� SKRWRLRQL]DWLRQ� GHWHFWRU�� LQFOXGLQJ� SUREH� DVVHPEO\�� DQG� 
EDWWHU\�FKDUJHU�� 

7HIORQ�RU�VLODVWLF�WXELQJ�� 

7HIORQ�³7´YDOYH�� 

6DPSOH�FRQWDLQHUV����RXQFH�JODVV�MDUV��� 

$OXPLQXP�IRLO�� 

&DOLEUDWLRQ�JDV������SDUWV�SHU�PLOOLRQ�>SSP@�LVREXW\OHQH�LQ�DLU�DQG�]HUR�DLU���DQG� 

,QVWUXFWLRQ�PDQXDO�³0RGHO����%��290�'DWD�ORJJHU�´� 
� 
352&('85(6� 
� 
�� 3UHSDUDWLRQ�IRU�&DOLEUDWLRQ�DQG�8VH� 

D�	 $VVHPEOH�WKH�VDPSOH�SUREH��ZDWHU�WUDS��SDSHU�ILOWHU���DQG�FRQQHFWRU�ORFN�� 

E�	 ,QVHUW�WKH�VWDLQOHVV�VWHHO�ILOWHU�LQWR�WKH�GHWHFWRU�LQOHW�� 

F�	 $WWDFK�WKH�DVVHPEOHG�SUREH�LQWR�WKH�GHWHFWRU�LQOHW�E\�VFUHZLQJ�WKH�FRQQHFWRU�ORFN� 
XQWLO�KDQG�WLJKW���� 

G�	 ,QVHUW�WKH�SRZHU�SOXJ�LQWR�WKH�³581�&+*´�SRUW���7KH�/&'�VFUHHQ�VKRXOG�LQGLFDWH� 
³/DPS�2XW�´� 

H�	 7XUQ�RQ� WKH�GHWHFWRU�E\�GHSUHVVLQJ� WKH�³21�2))´�EXWWRQ�� �&RQWLQXH�GHSUHVVLQJ� 
WKH�³21�2))´�EXWWRQ�XQWLO�WKH�SXPS�LV�DFWLYDWHG���7KLV�ZLOO�DOVR�DFWLYDWH�WKH�89� 
ODPS�� � 2QFH� WKH� ODPS� LV� OLW�� WKH� GLVSOD\� ZLOO� VKRZ� WKH� FRQFHQWUDWLRQ� RI� ZKDW� LV� 
EHLQJ�SXPSHG�LQWR�WKH�GHWHFWRU���5HVXOWV�ZLOO�EH�GLVSOD\HG�DV�SSP�� 

&RS\ULJKW�������*=$�*HR(QYLURQPHQWDO��,QF���	 ��
 



0DVWHU�4$33�� )LHOG�0RQLWRULQJ��3KRWRLRQL]DWLRQ�'HWHFWRU�� 
'DWH��������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� � 
� 
� 
�� &DOLEUDWLRQ� 

D�	 &DOLEUDWH� WKH� GHWHFWRU� GDLO\� SULRU� WR� EHJLQQLQJ� ILHOG� DFWLYLWLHV�� DV� ZHOO� DV�� 
IROORZLQJ�DOO�ILHOG�DFWLYLWLHV���� 

E�	 8VH� D� 7HIORQ� ³7´� YDOYH� WR� FRQQHFW� WKUHH� OHQJWKV� RI� 7HIORQ� RU� VLODVWLF� WXELQJ� DV� 
VKRZQ�RQ�SDJH�����RI�WKH�0RGHO����%�,QVWUXFWLRQ�0DQXDO�� 

F�	 0DQXDOO\� VFUHZ��UHYHUVH� WKUHDG��D�FRQVWDQW� IORZ�SUHVVXUH�UHJXODWRU� WR�D�]HUR�DLU� 
FDOLEUDWLRQ�VWDQGDUG�� 

G�	 &RQQHFW�WKH�WXELQJ�WR�WKH�]HUR�DLU�FDOLEUDWLRQ�VWDQGDUG�DQG�WKH�LQOHW�WR�WKH�GHWHFWRU�� 
$OORZ�WKH�WKLUG�OHQJWK�RI�WXELQJ�WR�YHQW�WR�WKH�DWPRVSKHUH�� 

H�	 $FWLYDWH�FDOLEUDWLRQ�PRGH�E\�SUHVVLQJ�WKH�³5(6(7´�EXWWRQ�� 

I�	 7R�FRQGXFW�D�QHZ�FDOLEUDWLRQ�SUHVV�WKH�³��&565´�EXWWRQ�� 

J�	 ,QWURGXFH�WKH�]HUR�JDV�WR�WKH�GHWHFWRU�E\�RSHQLQJ�WKH�FRQVWDQW�IORZ�UHJXODWRU�� 

K�	 3UHVV� WKH�³5(6(7´�EXWWRQ�� �7KH�/&'�VFUHHQ�ZLOO� UHDG�³=(52,1*�´� �2QFH� WKH�  
GHWHFWRU� KDV� EHHQ� SURSHUO\� ]HURHG� WKH� /&'� VFUHHQ� ZLWK� UHDG� ³63$1� 
330� ������´� 

L�	 &ORVH� WKH� FRQVWDQW� IORZ� UHJXODWRU� DQG� UHPRYH� WKH� WXELQJ� IURP� WKH� ]HUR� 
DLU�VWDQGDUG�� 

M�	 6LPXOWDQHRXVO\�SUHVV� WKH�³5(6(7´�DQG�³��,1&´�EXWWRQV� WR�VHW� WKH�VSDQ�SSP�WR� 
³����´� � 3UHVV� WKH� ³��,1&´� EXWWRQ� DJDLQ� WR� GLVSOD\� ³63$1� *$6� 5(6(7� 
:+(1�5($'<�´�� 

N�	 &RQQHFW� WKH� WXELQJ� WR� WKH� LVREXW\OHQH�LQ�DLU� VWDQGDUG�� � ,QWURGXFH� WKH�VWDQGDUG� WR� 
WKH�GHWHFWRU�E\�RSHQLQJ�WKH�FRQVWDQW�IORZ�UHJXODWRU�� 

O�	 $FWLYDWH�FDOLEUDWLRQ�PRGH�E\�SUHVVLQJ�WKH�³5(6(7´�EXWWRQ�� 

P�	 ³7KH�/&'�VFUHHQ�VKRXOG�UHDG�³02'(/����%�&$/,%5$7,1*�´� 

Q�	 ,I� FDOLEUDWLRQ� LV� XQVXFFHVVIXO� UHIHU� WR� WKH� ,QVWUXFWLRQ� 0DQXDO� WR� WURXEOHVKRRW�� 
5HFRUG�DOO�FDOLEUDWLRQ�PHDVXUHPHQWV�LQ�ILHOG�ORJ���� 

��	 2SHUDWLRQ�±�$LU�4XDOLW\�0RQLWRULQJ�IRU�92&V� 

D�	 7XUQ� RQ� WKH� GHWHFWRU� IROORZLQJ� VWHSV� ��D�� WKURXJK� ��H�� DERYH�� � 5HFRUG� WKH� 
EDFNJURXQG�FRQFHQWUDWLRQ���� 

E�	 7KH� SUREH� VKRXOG� EH� KHOG� LQ� FORVH� SUR[LPLW\� WR� WKH� DUHD� EHLQJ� PRQLWRUHG� WR� 
SURYLGH� D� UHSUHVHQWDWLYH� UHDGLQJ�� � &ROOHFW� DQ� DGGLWLRQDO� UHDGLQJ� ZLWKLQ� WKH� 
EUHDWKLQJ�]RQH�DQG�UHFRUG�ERWK�UHDGLQJV���� 

F�	 5HFRUG�WKH�GHWHFWHG�FRQFHQWUDWLRQV�LQ�D�ILHOG�ERRN�RU�ILHOG�VXPPDU\�VKHHW�DV�SSP� 
DERYH� EDFNJURXQG�� � 5HIHU� WR� WKH� VLWH�VSHFLILF� *=$� +HDOWK� DQG� 6DIHW\� 3ODQ� WR� 
GHWHUPLQH� VDIH� EUHDWKLQJ� ]RQH� FRQFHQWUDWLRQV�� � 8VH� RI� D� UHVSLUDWRU� PD\� EH� 
QHFHVVDU\�VKRXOG�FRQFHQWUDWLRQV�ZDUUDQW���� 

&RS\ULJKW�������*=$�*HR(QYLURQPHQWDO��,QF���	 ��
 



0DVWHU�4$33�� )LHOG�0RQLWRULQJ��3KRWRLRQL]DWLRQ�'HWHFWRU�� 
'DWH��������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� � 
� 
� 
�� 2SHUDWLRQ�±�6RLO�6DPSOH�6FUHHQLQJ�IRU�92&V� 

D� 2EWDLQ�VRLO�VDPSOHV�LPPHGLDWHO\�DIWHU�FROOHFWLRQ�GXULQJ�H[SORUDWLRQ�DFWLYLWLHV�� 

L�	 6SOLW� VSRRQ� VDPSOHV� ±� 7UDQVIHU� DQ� DSSURSULDWH� YROXPH� RI� VRLO� LQWR� D� 
ODERUDWRU\�LVVXHG�VDPSOH�FRQWDLQHU�LPPHGLDWHO\�DIWHU�RSHQLQJ�WKH�VSRRQ�� 

LL�	 2WKHU� VDPSOHV� ±� )RU� WHVW� SLWV�� KDQG� DXJHUV�� DQG� DOO� RWKHU� VRLO� VDPSOHV� 
LPPHGLDWHO\�WUDQVIHU�DQ�DSSURSULDWH�YROXPH�RI�VRLO�LQWR�D�ODERUDWRU\�LVVXHG� 
VDPSOH�FRQWDLQHU���� 

E�	 &XW�WKH�DOXPLQXP�IRLO�LQWR�DSSUR[LPDWHO\���LQFK�E\���LQFK�VTXDUHV�� 

F�	 )LOO� DQ���RXQFH�JODVV� MDU�ZLWK� VRLO� WR�EH� VFUHHQHG�� OHDYLQJ�DSSUR[LPDWHO\� �� LQFK� 
RI�DLUVSDFH���� 

G�	 7LJKWO\�FRYHU�WKH�PRXWK�RI� WKH�MDU�ZLWK�DQ�DOXPLQXP�IRLO�VTXDUH�DQG�WLJKWHQ�WKH� 
FDS�� � 5HPRYH� WKH� MDU� IURP� GLUHFW� VXQOLJKW� DQG� DOORZ� �� PLQXWHV� IRU� WUDQVIHU� RI� 
RUJDQLF�FRPSRXQGV�IURP�VRLO�WR�WKH�DLU�VSDFH���6KDNH�MDU�IRU����VHFRQGV��DOORZ�WR� 
VLW�DW�OHDVW����PLQXWHV�EXW�QR�ORQJHU�WKDQ���KRXUV���� 

H�	 7XUQ� RQ� WKH� GHWHFWRU� IROORZLQJ� VWHS� ��D�� WKURXJK� ��H�� DERYH�� � 5HFRUG� WKH� 
EDFNJURXQG�FRQFHQWUDWLRQ���� 

I�	 6KDNH�WKH�MDU�IRU�DQRWKHU����VHFRQGV�SULRU�WR�WDNLQJ�D�UHDGLQJ���8QVFUHZ�WKH�FDS�� 
DQG�JHQWO\� LQVHUW� WKH� VDPSOH�SUREH� WKURXJK� WKH� IRLO� LQWR� WKH�DLU� VSDFH� DERYH� WKH� 
VRLO���'R�QRW�DOORZ�WKH�SUREH�WR�FRQWDFW�VRLO�RU�OLTXLG�FRQWDLQHG�ZLWKLQ�WKH�MDU���� 

J�	 5HFRUG�WKH�PD[LPXP�FRQFHQWUDWLRQ�PHDVXUHG�E\�WKH�GHWHFWRU�RQWR�D�ERULQJ�ORJ�� 
WHVW�SLW�ORJ��RU�DSSURSULDWH�ILHOG�GDWD�FROOHFWLRQ�VKHHW�DV�SSP�DERYH�EDFNJURXQG�� 

K�	 3HULRGLFDOO\� FROOHFW� EUHDWKLQJ� ]RQH� PHDVXUHPHQWV� DV� ZHOO� DV� PHDVXUHPHQWV� 
GLUHFWO\�DERYH�WKH�ERUHKROH�RU�H[FDYDWLRQ���5HIHU�WR�WKH�VLWH�VSHFLILF�*=$�+HDOWK� 
DQG� 6DIHW\� 3ODQ� WR� GHWHUPLQH� VDIH� EUHDWKLQJ� ]RQH� FRQFHQWUDWLRQV��  � 8VH� RI�  D�  
UHVSLUDWRU�PD\�EH�QHFHVVDU\�VKRXOG�FRQFHQWUDWLRQV�ZDUUDQW���� 

��	 6KXW�'RZQ�� 

D�	 &RPSOHWH�DQ�HQG�RI�WKH�GD\�FDOLEUDWLRQ�FKHFN�� 

E�	 7XUQ�RII� WKH�GHWHFWRU�E\�GHSUHVVLQJ�WKH�³21�2))´�EXWWRQ�� �&RQWLQXH�GHSUHVVLQJ� 
WKH�³21�2))´�EXWWRQ�XQWLO�WKH�SXPS�VKXWV�GRZQ���� 

F�	 5HPRYH�WKH�SRZHU�SOXJ�IURP�WKH�³581�&+*´�SRUW���� 

G�	 8QORFN�WKH�SUREH�IURP�WKH�GHWHFWRU�LQOHW�E\�XQVFUHZLQJ�WKH�FRQQHFWRU�ORFN���3ODFH� 
SUREH�LQ�WKH�FDUU\LQJ�FDVH�� 

H�	 5HPRYH� WKH� VWDLQOHVV� VWHHO� ILOWHU� IURP� WKH� GHWHFWRU� LQOHW� DQG� UHWXUQ� LW� WR� WKH� 
FDUU\LQJ�FDVH�� 

I�	 5HWXUQ�WKH�GHWHFWRU�WR� WKH�FDUU\LQJ�FDVH�RQO\�LI�UHFKDUJLQJ�WKH�LQWHUQDO�EDWWHU\�LV� 
QRW�QHHGHG�� 

&RS\ULJKW�������*=$�*HR(QYLURQPHQWDO��,QF���	 ��
 



0DVWHU�4$33�� )LHOG�0RQLWRULQJ��3KRWRLRQL]DWLRQ�'HWHFWRU�� 
'DWH��������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� � 
� 
� 

J� ,I� UHFKDUJLQJ� LV� UHTXLUHG�� DWWDFK� WKH� EDWWHU\� FKDUJHU� SOXJ� LQWR� WKH� ³581�&+*´� 
SRUW���3OXJ�WKH�DVVRFLDWHG�$&�DGDSWHU�LQWR�D�ZDOO�RXWOHW���� 

� 
5(&25'6�$1'�'2&80(17$7,21� 
� 
5HDGLQJV�ZLOO�EH�UHFRUGHG�RQ�DQ�DSSOLFDEOH�ORJ�VKHHW�IRU�WKH�ZRUN�EHLQJ�SHUIRUPHG�LQ�DFFRUGDQFH� 
ZLWK� WKH� DSSURYHG� ZRUN� SODQ�� � 1RWH�� � 6SHFLI\� ODPS� HQHUJ\� UDWLQJ�� FDOLEUDWLRQ� VWDQGDUG�� DQG� 
VSHFLDO�UHVSRQVH�IDFWRUV�RU�FXUYHV�WKDW�PD\�EH�HPSOR\HG�� 

� 
63(&,$/�127(6� 
� 
�� $� SKRWRLRQL]DWLRQ� GHWHFWRU� LV� QRW� WKH� RQO\� DLU� TXDOLW\� PRQLWRULQJ� LQVWUXPHQW� 

UHFRPPHQGHG�IRU�XQNQRZQ�DLU�VSDFHV���'LVFXVV�DSSURSULDWH�PRQLWRULQJ�ZLWK�WKH�SURMHFW� 
PDQDJHU� DQG�RU� RIILFH� KHDOWK� DQG� VDIHW\� PDQDJHU�� � 7KLV� LQVWUXPHQW� ZLOO� QRW� GHWHFW� 
PHWKDQH� DQG� VKRXOG� QRW� EH� XVHG� WR� DVFHUWDLQ� ZKHWKHU� IXUWKHU� SHUVRQDO� SURWHFWLYH� 
HTXLSPHQW�PD\�EH�QHFHVVDU\���� 

��	 7KLV�GHWHFWRU�ZLOO�XWLOL]H�QXPHURXV� ODPS�HQHUJLHV� �L�H�������H9�������H9��DQG������H9��� 
)RU�PHDVXULQJ�FRPSRXQGV�ZLWK� LRQL]DWLRQ�SRWHQWLDOV� EHWZHHQ������ H9� DQG�����H9�� WKH� 
����� H9� ODPS� LV� UHFRPPHQGHG�� � 7KH� LQVWUXFWLRQ� PDQXDO� SURYLGHV� QXPHURXV� LRQL]DWLRQ� 
SRWHQWLDOV�IRU�YDULRXV�YRODWLOH�RUJDQLF�FRPSRXQGV���� 

��	 0DLQWHQDQFH�SURFHGXUHV��LQFOXGLQJ�ODPS�FOHDQLQJ�DUH�VSHFLILHG�LQ�WKH�,QVWUXFWLRQ�0DQXDO���� 

� 
$33/,&$%/(�67$1'$5'6�$1'�5()(5(1&(6� 
� 
,QVWUXFWLRQ� 0DQXDO� 0RGHO� ���%� 290�'$7$/2**(5�� 7KHUPR� (QYLURQPHQWDO� 
,QVWUXPHQWV��,QF���� 
� 
� 

� 
P�?ILOHV?QKGHV�PDVWHU�TDSS���MXQH�����?DSSHQGL[�G���VRSV?VRS�G���SLG�GRF� 

� 

&RS\ULJKW�������*=$�*HR(QYLURQPHQWDO��,QF���	 ��
 



 

 

 

 

SOP L-4: 

ROTOSONIC DRILLING 

Boring Log Form 

ASTM D 6914-04 Standard Practice for Sonic Drilling for Site Characterization and the 

Installation of Subsurface Monitoring Devices 


ASTM D 5434-97 Standard Guide for Field Logging of Subsurface Explorations of Soil and Rock
 



 

 

� �2YHUEXUGHQ�%RULQJV�±�� 
0DFKLQH�2SHUDWHG�6RQLF�'ULOOLQJ�� 

'DWH�������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/��� �� 

� 29(5%85'(1�%25,1*6��0$&+,1(�23(5$7('�621,&�'5,//,1*�� 
� 
� 
385326(� 
� 
7KLV�6WDQGDUG�2SHUDWLQJ�3URFHGXUH��623��2YHUEXUGHQ�%RULQJV�±�0DFKLQH�2SHUDWHG�6RQLF�'ULOOLQJ�� 
SURYLGHV�D�JHQHUDO�IUDPHZRUN�IRU�DGYDQFLQJ�VKDOORZ�HDUWK�ERULQJV�HPSOR\LQJ�WKH�6RQLF�'ULOOLQJ� 
PHWKRG� IRU� VXEVXUIDFH� LQYHVWLJDWLRQV� DW� WKH� 7UR\� 0LOOV� /DQGILOO� 6XSHUIXQG� 6LWH� LQ� 7UR\�� 1HZ� 
+DPSVKLUH���� 
� 
1RWH���)LHOG�VWDII�LV�UHTXLUHG�WR�FRQILUP�DFWXDO�ILHOG�SURFHGXUH�WR�EH�XVHG�ZLWK�WKH�SULQFLSDO�LQ� 
FKDUJH��3,&��DQG�RU�WKH�SURMHFW�PDQDJHU��30��EHIRUH�FRQGXFWLQJ�ILHOG�ZRUN��� 
� 
$Q\� PRGLILFDWLRQV� WR� WKLV� 623� VKDOO� EH� DSSURYHG� E\� WKH� 1HZ� +DPSVKLUH� 'HSDUWPHQW� RI� 
(QYLURQPHQWDO� 6HUYLFHV� �1+'(6�� LQ� FRQVXOWDWLRQ� ZLWK� WKH� 8QLWHG� 6WDWHV� (QYLURQPHQWDO� 
3URWHFWLRQ�$JHQF\��(3$��LQ�DGYDQFH��GRFXPHQWHG�LQ�WKH�VLWH�ORJERRN��DQG�SUHVHQWHG�LQ�WKH�ILQDO� 
UHSRUW���� 
� 
(48,30(17�$1'�0$7(5,$/6� 
� 
7KH� GULOOHU� VKDOO� EH� FDSDEOH� RI� SURYLGLQJ� FRQWLQXRXV� FRULQJ� ZLWK� D� PLQLPXP� LQVLGH� GLDPHWHU� 
VXIILFLHQW� IRU� IDFLOLWDWLQJ� UHTXLUHG� VDPSOLQJ� DQG� ZHOO� FRQVWUXFWLRQ�� � ,Q� DGGLWLRQ�� WKH� IROORZLQJ� 
HTXLSPHQW�VKDOO�EH�SUHVHQW�� 
� 
y 2XWHU�FDVLQJ�UDQJLQJ�IURP���LQFK�XS�WR����LQFK�GLDPHWHU�� 

y $���LQFK�WR����LQFK�GLDPHWHU�FRUH�EDUUHO�IRU�VDPSOLQJ�SXUSRVHV�� 

y 5RWDWLQJ�DQG�YLEUDWLQJ�GULOO�ELW��DQG� 

y 'HFRQWDPLQDWLRQ�HTXLSPHQW�DQG�VXSSOLHV�� 

� 
352&('85(6� 
� 
7KH� VRQLF� GULOOLQJ� V\VWHP� HPSOR\V� VLPXOWDQHRXV� KLJK�IUHTXHQF\� YLEUDWLRQDO� URWDWLRQDO� PRWLRQ� 
FRXSOHG� ZLWK� GRZQ�SUHVVXUH� WR� DGYDQFH� WKH� VRQLF� GULOO� ELW�� � 7KH� IUHTXHQF\� LV� JHQHUDOO\� 
EHWZHHQ����DQG�����KHUW]��F\FOHV�SHU�VHFRQG��DQG�FDQ�EH�YDULHG�E\�WKH�RSHUDWRU�� 
� 
$IWHU�LQVWDOOLQJ�WKH�ZHOO�VFUHHQ�DQG�ULVHU�DQG�WKH�ZHOO�FRQVWUXFWLRQ�PDWHULDOV��WKH�RXWHU�FDVLQJ�LV� 
JHQWO\�YLEUDWHG�EDFN�RXW�RI� WKH�ERUHKROH�� �7KH�YLEUDWLRQ�SRVLWLYHO\�SODFHV�WKH�ZHOO�FRQVWUXFWLRQ� 
PDWHULDO�DJDLQVW�WKH�ERUHKROH�ZDOO�DURXQG�WKH�VFUHHQ�DQG�ULVHU���� 
� 
7KH�FRUH�EDUUHO�LV�DGYDQFHG�DKHDG�RI�WKH�RXWHU�FDVLQJ�LQ����WR����IRRW�LQFUHPHQWV��GHSHQGLQJ�RQ� 
WKH� W\SH� RI� PDWHULDO�� GHJUHH� RI� VXEVXUIDFH� FRQWDPLQDWLRQ� DQG� VDPSOLQJ� REMHFWLYHV�� � 7KH� RXWHU� 
FDVLQJ� FDQ� EH� DGYDQFHG� GRZQ� RYHU� WKH� LQQHU� GULOO� URGV�� DQG� FRUH� EDUUHO� LV� WKHQ� UHPRYHG�� WKH� 

� ��
 



 

 

 

� �2YHUEXUGHQ�%RULQJV�±�� 
0DFKLQH�2SHUDWHG�6RQLF�'ULOOLQJ�� 

'DWH�������������5HYLVLRQ�1R���� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/��� �� 

VDPSOH�LV�UHFRYHUHG�DQG�WKH�F\FOH�LV�UHSHDWHG���7KH�RXWHU�FDVLQJ�FDQ�EH�DGYDQFHG�FRPSOHWHO\�GU\� 
LQ�PRVW�VLWXDWLRQV�EDVHG�RQ�WKH�UHTXLUHPHQWV�RI�WKH�SURMHFW�� 
� 
6RQLF�GULOOLQJ�WHFKQLTXHV�VKRXOG�EH�HPSOR\HG�ZLWKRXW�WKH�XVH�RI�GULOOLQJ�ZDWHU�ZKLOH�GULOOLQJ�RQ� 
KD]DUGRXV�ZDVWH�VLWHV�� 
� 
,I� ZDWHU� LV� GHHPHG� QHFHVVDU\� E\� WKH� GULOOHU�� LWV� XVH� PXVW� EH� DSSURYHG� E\� WKH� *=$� SURMHFW� 
PDQDJHU�� � 7KH� VRXUFH� RI� WKH� ZDWHU� PXVW� EH� DSSURYHG� E\� *=$� DQG� WKH� ZDWHU� XVHG� VKRXOG� EH� 
SRWDEOH���:KHQ�ZDWHU�LV�XVHG�WR�DGYDQFH�ERULQJ��LW�PXVW�QRW�EH�UHFLUFXODWHG�EDFN�LQWR�WKH�ERULQJ�� 
XQOHVV�VSHFLILFDOO\�DXWKRUL]HG�E\�WKH�*=$�SURMHFW�PDQDJHU�� 
� 
5(&25'6�$1'�'2&80(17$7,21� 
� 
7KH�GHWDLOV�RI�WKH�ERULQJ�VKDOO�EH�UHFRUGHG�RQ�WKH�*=$�ERULQJ�ORJ��FRS\�DWWDFKHG����5HIHU�WR�WKH� 
IROORZLQJ�*=$�623V�LQFOXGHG�LQ�WKH�6$3�%XUPLVWHU�&ODVVLILFDWLRQ�6\VWHP�623�DQG�$�*XLGH�IRU� 
'HVFULSWLRQ�RI�6RLOV�623��UHODWLYH�WR�GRFXPHQWLQJ�DQG�UHFRUGLQJ�VRLO�FODVVLILFDWLRQV�� 
� 
5HIHU�WR�WKH�&KDLQ�RI�&XVWRG\��6DPSOH�3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�623�LQFOXGHG�LQ�WKH� 
6$3�IRU�GRFXPHQWDWLRQ�UHTXLUHPHQWV�DQG�WKH�6DPSOLQJ�(TXLSPHQW�'HFRQWDPLQDWLRQ�3URFHGXUHV� 
623�IRU�GHFRQWDPLQDWLRQ�UHTXLUHPHQWV� 
� 
63(&,$/�127(6� 
� 
:KHQHYHU�VWDQGDUG�RSHUDWLQJ�SURFHGXUHV�DUH�YDULHG��LW�VKDOO�EH�UHFRUGHG���7KH�GULOOLQJ�LQVSHFWRU� 
VKRXOG�DOVR�UHFRUG�DQ\�GHWHFWHG�RGRU�IURP�ERULQJ��DQG�GHSWK�HQFRXQWHUHG�� 
� 
$33/,&$%/(�67$1'$5'6�$1'�5()(5(1&(6��6HH�DWWDFKHG���� 
� 
$670� '�������� 6WDQGDUG� 3UDFWLFH� IRU� 6RQLF� 'ULOOLQJ� IRU� 6LWH� &KDUDFWHUL]DWLRQ� DQG� WKH� 
,QVWDOODWLRQ�RI�6XEVXUIDFH�0RQLWRULQJ�'HYLFHV���� 
� 
$670� '�������� 6WDQGDUG� *XLGH� IRU� )LHOG� /RJJLQJ� RI� 6XEVXUIDFH� ([SORUDWLRQV� RI� 6RLO� DQG� 
5RFN��� 
� 
*=$�*HR(QYLURQPHQWDO��,QF��%RULQJ�/RJ�� 
� 
$77$&+0(176� 

� 
%RULQJ�/RJ�)RUP� 

� 
$670�6WDQGDUG�'�������� 
� 
$670�6WDQGDUG�'�������� 

S�?��MREV?�������V?�������������?����������������WUR\�IDOO�����?ZRUN?RFW������VDS�DGGHQGXP?PD\������VDS�FKDQJH���VRQLF�GULOOLQJ?PD\������VRS�F����VRQLF� 
GULOOLQJ��������GRF 

� ��
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GZA Boring No.: 
GeoEnvironmental, Inc. Page: 1 of 
Engineers and Scientists File No.: 

Check:Contractor: Auger/ 
SamplerForeman: Casing GROUNDWATER READINGS 

Logged by: Type: SSSS Date Time Depth Casing Stab 
Date Start/Finish: I.D.: 1.37 in 
Boring Location: See Plan Hammer Wt.: 140 lb 
GS Elev.: Datum: Hammer Fall: 30 in 

Rig Type:
Sample Information 

D
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orPen./ Blows Sample Stratum 
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Casing DepthNo. FieldRec. (/6")( ft) Description & Classification Desc.Test 
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All depth measurements are approximate. Stratification lines represent approximate boundary between soil types, transitions may be gradual. Water level 
readings have been made at times and under conditions stated. Fluctuations of groundwater may occur due to other factors than those present at the time Boring No.:
measurements were made. 
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All depth measurements are approximate. Stratification lines represent approximate boundary between soil types, transitions may be gradual.  Water level
 
readings have been made at times and under conditions stated. Fluctuations of groundwater may occur due to other factors than those present at the time Boring No.:

measurements were made.
 



Designation: D 6914 – 04e1 

Standard Practice for 
Sonic Drilling for Site Characterization and the Installation
of Subsurface Monitoring Devices1 

This standard is issued under the fixed designation D 6914; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

e1 NOTE—The figures were corrected editorially in November 2004. 

1. Scope 
1.1 This practice covers procedures for using sonic drilling 

methods in the conducting of geoenvironmental exploration for 
site characterization and in the installation of subsurface 
monitoring devices. 

1.2 The use of the sonic drilling method for geoenviron­
mental exploration and monitoring-device installation may 
often involve preliminary site research and safety planning, 
administration, and documentation. This guide does not pur­
port to specifically address site exploration planning and site 
safety. 

1.3 Soil or Rock samples collected by sonic methods are 
classed as group A or group B in accordance with Practices 
D 4220. Other sampling methods may be used in conjunction 
with the sonic method to collect samples classed as group C 
and Group D. 

1.4 The values stated in SI units are to be regarded as 
standard. The inch-pound units given in parentheses are for 
information only. 

1.5 This practice offers a set of instructions for performing 
one or more specific operations. It is a description of the 
present state-of-the-art practice of sonic drilling. It does not 
recommend this method as a specific course of action. This 
document cannot replace education or experience and should 
be used in conjunction with professional judgment. Not all 
aspects of this practice may be applicable in all circumstances. 
This ASTM standard is not intended to represent or replace the 
standard of care by which the adequacy of a given professional 
service must be judged, nor should this document be applied 
without consideration of a project’s many unique aspects. The 
word “Standard” in the title of this document means only that 
the document has been approved through the ASTM consensus 
process. 

1.6 This practice does not purport to comprehensively 
address all the methods and the issues associated with drilling 
practices. Users should seek qualified professionals for deci­

1 This practice is under the jurisdiction of ASTM Committee D18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.21.01 on Direct Push 
Sampling. 

Current edition approved March 1, 2004. Published April 2004. 

sions as to the proper equipment and methods that would be 
most successful for their site investigation. Other methods may 
be available for drilling and sampling of soil, and qualified 
professionals should have the flexibility to exercise judgment 
as to possible alternatives not covered in this practice. This 
practice is current at the time of issue, but new alternative 
methods may become available prior to revisions, therefore, 
users should consult manufacturers or sonic drilling services 
providers prior to specifying program requirements. 

1.7 This practice does not purport to address all the safety 
concerns, if any, associated with its use and may involve use of 
hazardous materials, equipment, and operations. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory requirements prior to use. For good safety 
practice, consult applicable OSHA regulations and drilling 
safety guides.2,3,4 

2. Referenced Documents 
2.1 ASTM Standards—Soil Classification:5 

D 653 Terminology Relating to Soil, Rock and Contained 
Fluids 

D 2113  Practice for Rock Core Drilling and Sampling of 
Rock for Site Investigation 

D 2488 Practice for Description and Identification of Soils 
(Visual—Manual Method) 

D 5434	 Guide for Field Logging of Subsurface Explorations 
of Soil and Rock 

2.2 ASTM Standards—Drilling Methods:5 

D 1452 Practice for Soil Investigation and Sampling by 
Auger Boring 

D 5088 Practice for Decontamination of Field Equipment 

2 “Drilling Safety Guide,” National Drilling Association. 
3 “Drillers Handbook,” Thomas C. Ruda and Peter Bosscher, National Drilling 

Association. 
4 “Innovative Technology Summary Report,” April 1995, U.S. Department of 

Energy. 
5 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page on 
the ASTM website. 
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Used at Nonradioactive  aste Sites 
D 5299 Guide for Decommissioning of Ground  ater

 ells, Vadose  one Monitoring Devices, Boreholes, and 
other Devices for Environmental Activities 

D 5781 Guide for use of Dual- all Reverse-Circulation 
Drilling for the Geoenvironmental Exploration and the 
Installation of Sub-Surface  ater- uality Monitoring De­
vices 

D 5782 Guide for the Use of Direct Air Rotary Drilling for 
Geoenvironmental Exploration and the Installation of 
Subsurface  ater  uality Monitoring Devices 

D 5783 Guide for the Use of Direct Rotary Drilling with
 ater-Based Drilling Fluid for Geoenvironmental Explo­
ration and the Installation of Subsurface  ater  uality 
Monitoring Devices 

D 5784 Guide for the Use of Hollow Stem Augers for 
Geoenvironmental Exploration and the Installation of 
Subsurface  ater  uality Monitoring Devices 

D 6151 Practice for Hollow Stem Drilling and Soil Sam­
pling for Geotechnical Investigation 

D 6286 Guide for Selection of Drilling Methods for Envi­
ronmental Site Characterization 

2.3 ASTM Standards—Soil Sampling:5 

D 420 Practice for Investigating and Sampling Soil and 
Rock for Engineering Purposes 

D 1586 Test Method for Penetration Test and Split-Barrel 
Sampling of Soil 

D 1587 Practice for Thin- alled Tube Sampling of Soils 
D 3550 Practice for Ring-Lined Barrel Sampling of Soils 
D 3694 Practice for Preparation of Sample Containers and 

for Preservation of Organic Constituents 
D 4220 Practices for Preserving and Transporting Soil 

Samples
D 4700 Guide for Soil Sampling in the Vadose  one 
D 6169 Guide for Selection of Soil and Rock Sampling 

Devices Used with Drill Rigs for Environmental Site 
Characterization 

2.4 ASTM Standards—Aquifer Testing:5 

D 4044 Test Method (Field Procedure) for instantaneous 
Change in Head (Slug Tests) for Determining Hydraulic 
properties of Aquifers 

D 4050 Test Method (Field Procedure) for  ithdrawal and 
Injection  ell Tests for Determining Hydraulic Properties
of Aquifer Systems 

D 5092	 Practice for Design and Installation of Ground
 ater Monitoring  ells in Aquifers

2.5 ASTM Standards—ither:5 

D 3740 Practice for Minimum Requirements for Agencies 
Engaged in the Testing and or Inspection of Soil and Rock 
as Used in Engineering Design and Construction 

D. DermDnoDoDD 
3.1 Terminology used within this guide is in accordance 

with Terminology D 653. Definitions of additional terms may 
be found in Terminology D 653. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 amplitude—range of drill bit movement necessary to 

overcome formation elasticity. 

3.2.2 bit face design—the practice of changing the drill bit 
face to be neutral to, include, exclude, or shear the material 
being penetrated. 

3.2.3 forced vibration—the tendency of one object to force 
an adjoining or interconnected object into vibrational motion. 

3.2.4 harmonic—the point in a drill string where a special 
frequency creates a standing wave pattern throughout the 
string. 

3.2.5 hertz—international unit of frequency, equal to one 
cycle per second. 

3.2.6 hydraulic eitraction—the removal of the sample 
specimen from the solid sampling barrel by the application of 
fluid. 

3.2.7 natural frequency—the frequency or frequencies at 
which an object tends to vibrate when disturbed. 

3.2.8 resonance—when one object (sine generator) vibrat­
ing at the natural frequency of a second object (drill pipe or 
casing) forces the second object into vibrational motion. 

3.2.9 sine wave—a wave form corresponding to a single-
frequency periodic oscillation. 

3.2.10 sinusoidal force—energy force generated by an os­
cillator that is transmitted to the drill tool string. 

3.2.11 sonic—the practice of using high frequency vibration 
as the primary force to advance drill tools through subsurface 
formations. 

3.2.12 standing wave pattern—a vibratory pattern created 
within the drill string where the vibrating frequency of a carrier 
causes a reflected wave from one end of the drill string to 
interfere with incidental waves from the source in such a 
manner that at specific points along the drill string it appears to 
be standing still. The resulting disturbance is a regular pattern. 

D. SummDrDof DrDctDce 
4.1 Sonic drilling is the utilization of high frequency vibra­

tion aided by down pressure and rotation to advance drilling 
tools through various subsurface formations. All objects have a 
natural frequency or set of frequencies at which they will 
vibrate when disturbed. The natural frequency is dependant 
upon the properties of the material the object is made of and the 
length of the object. The sonic drill head provides the distur­
bance to the drilling tools causing them to vibrate. To achieve 
penetration of the formation the strata is fractured, sheared, or 
displaced. The high frequency vibration can cause the soil in 
contact with the drill bit and drilling casing string to liquefy 
and flow away allowing the casing to pass through with 
reduced friction. Rotation of the drill string is primarily for 
even distribution of the applied energy, to control bit wear, and 
to help maintain borehole alignment. The use of vibratory 
technology reduces the amount of drill cuttings, provides rapid 
formation penetration, and the recovery of a continuous core 
sample of formation specimens for field analysis and labora­
tory testing. Boreholes generated by sonic drilling can be fitted 
with various subsurface condition monitoring devices. Numer­
ous sampling techniques can also be used with this system 
including thin walled tubes, split barrel samplers, and in-situ 
ground water sampling devices. Fig. 1 demonstrates the 
general principle of sonic drilling. 
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DIDD1 Deneral PrinciDle of Sonic Drilling 

D. SDDnDDcDnce Dnd Dse 
5.1 Sonic drilling is used for geoenvironmental investiga­

tive programs. It is well suited for environmental projects of a 
production-orientated nature. Disposal of drilling spoils is a 
major cost element in any environmental project. Sonic drilling 
offers the benefit of significantly reduced drill cuttings and 
reduced fluid production. Sonic drilling offers rapid formation 
penetration thereby increasing production. It can reduce field­
work time generating overall project cost reductions. The 
continuous core sample recovered provides a representative 
lithological column for review and analysis. Sonic drilling 
readily lends itself to environmental instrumentation installa­
tion and to in-situ testing. The advantage of a clean cased hole 
without the use of drilling fluids provides for increased 
efficiency in instrumentation installation. The ability to cause 
vibration to the casing string eliminates the complication of 
backfill bridging common to other drilling methods and re­
duces the risk of casing lockup allowing for easy casing 
withdrawal during grouting. The clean borehole reduces well 
development time. Pumping tests can be performed as needed 
prior to well screen placement to insure proper screen location. 
The sonic method is readily utilized in multiple cased well 
applications which are required to prevent aquifer cross con­
tamination. Notwithstanding the possibility of vibratory effects 
on the surrounding formations, the same sonic drilling plus 
factors for environmental monitoring device installations carry 
over for geotechnical instrumentation as well. The installation 
of inclinometers, vibrating wire piezometers, settlement 
gauges, and the like can be accomplished efficiently with the 
sonic method. 

5.2 The cutting action, as the sonic drilling bit passes 
through the formation, may cause disturbance to the soil 
structure along the borehole wall. The vibratory action of 

directing the sample into the sample barrel and then vibrating 
it back out can cause distortion of the specimen. Core samples 
can be hydraulically extracted from the sample barrel to reduce 
distortion. The use of split barrels, with or without liners, may 
improve the sample condition but may not completely remove 
the vibratory effect.  hen penetrating rock formations, the 
vibration may create mechanical fractures that can affect 
structural analysis for permeability and thereby not reflect the 
true in-situ condition. Sonic drilling in rock will require the use 
of air or fluid to remove drill cuttings from the face of the bit, 
as they generally cannot be forced into the formation. Samples 
collected by the dry sonic coring method from dense, dry, 
consolidated or cemented formations may be subjected to 
drilling induced heat. Heat is generated by the impact of the bit 
on the formation and the friction created when the core barrel 
is forced into the formation. The sampling barrel is advanced 
without drilling fluid whenever possible. Therefore, in very 
dense formations, drilling fluids may have to be used to remove 
drill cuttings from the bit face and to control drilling generated 
heat. In dry, dense formations precautions to control drilling 
generated heat may be necessary to avoid affecting contami­
nant presence. The affects of drilling generated heat can be 
mitigated by shortening sampling runs, changing vibration 
level and rotation speed, using cooled sampling barrels, col­
lecting larger diameter samples to reduce affect on the interior 
of the sample, and using fluid coring methods or by using 
alternate sampling methods such as the standard penetration 
test type samplers at specific intervals. Heat generated while 
casing the borehole through dense formations after the core 
sample has been extracted can be alleviated by potable water 
injection and or by using crowd-in casing bits that shear the 
formation with minimal resistance. Should borehole wall 
densification be a concern it can be alleviated by potable water 
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injection, by borehole wall scraping with the casing bit, by 
using a crowd-in style bit, or by injecting natural clay break­
down compounds. 

5.3 Other uses for the sonic drilling method include mineral 
investigations. Bulk samples can be collected continuously, 
quite rapidly, in known quantities to assess mineral content. 
Aggregate deposits can be accurately defined by using large 
diameter continuous core samplers that gather representative 
samples. A limited amount of rock can be effectively pen­
etrated and crushability determined. In construction, projects 
include freeze tube installations for deep tunnel shafts, piezom­
eters, small diameter piles, dewatering wells, foundation an­
chors with grouting, and foundation movement monitoring 
instrumentation. Sonic drills can be used to set potable water 
production wells. However, production may not equal more 
conventional potable well drilling techniques because of the 
need to transport drill cuttings to the surface in short incre­
ments. Sonic drill units presently in use are in various sizes and 
most are truck mounted. Sonic drills can be skid or all-terrain 
vehicle mounted to access difficult areas. 

5.4 Sonic drills can be adapted to such other drill methods 
as conventional rotary (Guide D 1583, Guide D 5782), down 
hole air hammer work (Guide D 5782), diamond bit rock 
coring; conventional and wireline (Practice D 2113), direct 
push probing (Guide D 6001, Guide D 6282), thin wall tube 
sampling (Practice D 1587), and standard penetration test split 
barrel sampling (Practice D 1586). The sonic drilling equip­
ment offers more adaptability than most existing drilling 
systems. However, it is important to keep in mind that the 
technique the machine is designed for is the one at which it will 
be the most efficient. Long term use of sonic drills for other 
drilling methods may not be cost effective. 

NOTE 1—The quality of the result produced by this standard is 
dependent on the competence of the personnel performing it, and the 
suitability of the equipment and facilities used. Agencies that meet the 
criteria of Practice D 3740 are generally considered capable of competent 
and objective testing sampling inspection etc. Users of this standard are 
cautioned that compliance with Practice D 3740 does not in itself assure 
reliable results. Reliable results depend on many factors; Practice D 3740 
provides a means of evaluating some of those factors. Practice D 3740 was 
developed for agencies engaged in the testing and or inspection of soils 
and rock. As such, it is not totally applicable to agencies performing this 
practice. However, user of this practice should recognize that the 
framework of Practice D 3740 is appropriate for evaluating the quality of 
an agency performing this practice. Currently there is no known qualify­
ing national authority that inspects agencies that perform this practice. 

D. DrDterDDfor SeDectDon 
6.1 Important criteria to consider when selecting the sonic 

drilling method include the following: 
6.1.1 Diameter of borehole, 
6.1.2 Sample quality (Class A, B, C, D) for laboratory 

physical testing (Refer to Practices D 4220), 
6.1.3 Sample handling requirements such as containers, 

preservation requirements, 
6.1.4 Subsurface conditions anticipated: soil type or rock 

type hardness, 
6.1.5 Ground water depth anticipated, 
6.1.6 Boring depth, 
6.1.7 Instrumentation requirements, 

6.1.8 Chemical composition of soil and contained pore 
fluids, 

6.1.9 Available funds, 
6.1.10 Estimated cost, 
6.1.11 Time constraints, 
6.1.12 History of method performance under anticipated 

conditions (consult experienced users and manufacturers), 
6.1.13 Site accessibility, 
6.1.14 Decontamination requirements, 
6.1.15 Grouting requirements, local regulations, and 
6.1.16 Amount of and disposal costs for generated drill 

cuttings and drilling wastes. 

D. DppDrDtus 
7.1 Sonic iead—The sonic drill head contains a sine 

generator, sine generator drive mechanism, lubrication system 
to reduce friction and control heat in the head, vibration 
isolation device, drill string rotating mechanism, and a connec­
tion to the drill string. The sine generator must be capable of 
producing sufficient energy to force movement in the drill 
string to accomplish the fracturing, shearing or displacement 
necessary for the borehole to be advanced as shown in Fig. 1. 

7.1.1 Sine ienerator—The sine generator uses eccentric, 
counter rotating balance weights that are timed to direct 100 
percent of the vibration at 0 degrees and at 180 degrees (Figs. 
2 and  3). The sine generator is powered hydraulically and 
generally operates at frequencies between 0 and 185 hertz 
delivering a full range of energy outputs for advancement of up 
to 30.48 cm (12 in.) drill casing. 

7.1.2 iubrication System—The lubrication system is fitted 
with oil coolers of sufficient capacity to keep the hydraulic 
fluid at an allowable operating range as recommended by the 
oil supplier. 

7.1.3 iibration Isolation System—In order to transmit the 
maximum vibratory energy to the drill string and not damage 
the drilling rig the vibration applied to the drill tools must be 
isolated from the drill rig as shown in Figs. 2 and 3. This can 
be accomplished by using air charged springs, manual disk 
springs, or such other methods as will meet that goal. 

7.2 Drilling Tools—A significant variety of tooling is nec­
essary to accomplish the sonic drilling program. The tools 
consist of drill rods, drill casing, sampler barrels, sampler bits, 
casing bits, direct push sampling probes, borehole water 
sample collection systems, etc. Individual drillers and compa­
nies have in-house tooling designed for specific purposes and 
projects. If these specialized tools provide high quality sam­
pling and efficient drilling processes they are acceptable to the 
practice. 

7.2.1 Drilling iods and Casing—Drilling rods are used to 
propel and recover the sampling barrels. Drill rods are the most 
handled tools. The common sizes are 5.08 cm (2.0 in.) to 10.16 
cm (4.0 in.) O.D. 3 60.98 cm (2.0 ft), 1.524 m (5.0 ft), 3.38 m 
(10.0 ft), and 6.096 m (20.0 ft) lengths. Annular space between 
casing and rod is not critical allowing the same sized drill rod 
to be used with various sized sampling barrels. Current sonic 
drilling technology can be used to set drill casing in various 
sizes from 1.27 cm (0.5 in.) up to 30.48 cm (12.0 in.) nominal 
depending on project requirements. 
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7.2.2 Sampler Barrel—Sampler barrels (a.k.a. core barrels) 
are used to recover formation specimens and to clean the inside 
of the drill casing. Sampler barrels are either solid tubes or split 
barrels of various diameters and lengths. The sampling barrels 
are generally sized to match the inside diameter of the various 
sizes of drill casing and to fulfill project requirements. The 
barrel is fitted with a drill bit cutting shoe that holds the 
borehole alignment as it passes through the outer casing into 
the formation. 

7.2.2.1 Solid Barrels—Solid sampler barrels are a solid 
length of tubing with thread sections on each end. They are 
available in various sizes and lengths. Typical sampling runs 
are 3.048 to 6.096 m (10.0 to 20.0 ft) in length. Sampling run 
length can be adjusted to provide the most optimum sample 
recovery. Sampler barrels can be joined to increase the length 
of sampling increment. In some formations there is a tendency 
to lose recovery with longer core run lengths while in others 
longer core runs may improve recovery. Samples of loose 
unconsolidated granular formations can be consolidated by the 
vibratory action. In loose or soft formations the inability of the 
soil structure to support the force necessary to move the 
material into the barrel can cause that material to be forced into 
the formation. 

7.2.2.2 Split Barrel Samplers—Split barrel samplers are 
tubes that are split lengthwise with thread sections on both 
ends. The split sections utilize a tongue groove feature that 
interlocks to prevent lateral movement between the two halves 

of the tube. Split barrel samplers are available in various 
diameters and lengths. hile split barrel samplers provide a 
better format to view the specimen and may subject it to less 
disturbance, they do receive vibratory action during penetra­
tion. Depending on the method of construction, split barrels 
have a tendency to spread open in hard formations. They are 
quite heavy when fully loaded and may require special 
handling techniques. Liners, clear butyl or polyethylene based 
plastic, or stainless steel are available for use with split barrel 
and solid barrel samplers. 

7.2.2.3 Standard formation sampling devices can be used in 
conjunction with the sonic drill rig for geotechnical applica­
tions. The standard penetration test D 1586 can be performed if 
the unit is equipped with a cathead or an automatic-hammer 
63.523 kg (140 lb). The hydraulically activated, D 6519, as 
well as manual, fixed piston, thin wall tube samplers D 1587 
can be used if the unit is equipped with a fluid pump of 
sufficient capacity. Sonic drills are generally equipped with 
winch lines for using sampling tools in geotechnical drilling 
programs. 

7.2.3 Casing Drill Bits—Drill bits are attached to the 
leading section of drill casing. Their function is to provide a 
cutting edge to assist in moving the casing through the various 
formations encountered and to direct the movement of forma­
tion materials during the making of the boring. The face of the 
drill bit follows one of three basic directional designs: (i) 
“Crowd-in” move most of the material encountered at the drill 
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face into the borehole or casing as it is advanced. This style of 
bit face provides the best service in dense, dry, or cohesive 
formations as it helps reduce formation compaction and 
friction; (i) “Crowd-out” moves most of the material encoun­
tered at the drill face into the borehole wall. This design works 
better in softer and more granular, sands, gravels, and silt 
formations; and (i) “Neutral” allows the bit face material to 
choose the path of least resistance. Different bit face configu­
rations are used to effectively penetrate different formations. 
The general-purpose bit face is fitted with carbide buttons 
spaced equally across and around the bit face. Fig. 4 shows a 
typical carbide button faced bit. The carbide buttoned bit works 
well in most formations and is considered a general-purpose 
bit. Carbide buttons are well suited for the impact action that 
occurs in sonic drilling. Other configurations include welded 
carbide chips and blocks in a matrix, saw tooth shapes both 
hard surfaced and plain, and tearing shoe designs with large 
irregular carbides for working in construction debris and 

penetrating refuse in landfills. Each of these designs has a 
useful purpose and can be quite effective at penetrating their 
respective formations. 

7.2.4 Sample Barrel Bit—The sample barrel bit is designed 
to both penetrate the formation and to shape the sample so it 
will pass through the bit into the sample barrel with the least 
amount of friction or compression. The bit may be constructed 
with serrated, carbide buttoned, or some other form of rough­
ened inside diameter surface, or with a machined space for a 
retainer basket to assist in the retention of the sample. The 
interior of the sampler bit should have a minimum inside 
diameter 3.175 mm (0.125 in.) less than the inside diameter of 
the sampling barrel to allow the passage of the sample into the 
core barrel with the least amount of resistance so as to not 
impede recovery or create unnecessary disturbance to the 
sample. The cutting face of the bit used should be the design 
best suited to the formation being penetrated. For dense 
formations with cobbles and boulders a bit face with carbide 

DIDD4 Sonic Casing Dit 
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buttons may be used. For soft formations a serrated face, 
sharpened to force the cuttings away from the bit, works well. 
The choice of bit face type and sample retention method is 
governed by the characteristics of the formation and should be 
optimized as the borehole progresses to insure the highest 
recovery percentage with the least possible sample disturbance. 

7.2.5 Direct iush Sampling Tools—Sonic drilling is a direct 
push drilling method as well. Therefore, soil sampling, soil 
vapor sampling, and water sampling tools similar to those used 
in the direct push industry are also available to the sonic 
drilling practice. In-situ water sampling tools are constructed 
using a screened inner stem attached to a point that is 
surrounded by an outer drive pipe. The point is the same 
diameter as the outer drive pipe to prevent the creation of an 
enlarged annular space that could provide an avenue for cross 
contamination between aquifers. The inner screen assembly is 
sealed from the formation during installation by an outer drive 
pipe fitted with “o” rings. ith the friction of the soil holding 
the point in place while being driven to depth, the screen 
section is then exposed to the formation by pulling back on the 
outer drive pipe. The inner tube can have an inside diameter of 
5.08 cm (2.0 in.) to 10.16 cm (4.0 in.) or larger to allow for 
larger capacity sampling pumps. Using higher capacity pumps 
accelerates the purging process and allows for rapid sampling 
from deep formations. The water sampling probes can be fitted 
with disposable points to allow for pressure grouting or 
installation of small diameter monitor wells. 

7.3 Sonic Drill iig—The sonic drill rig is similar to other 
drilling rigs in that it is a machine attached to a frame mounted 
on some form of carrier. The unit can be driven by a power take 
off assembly from the carrier engine or by an auxiliary engine. 
The unit has a feed frame for moving the drill head up and 
down to apply feed and retract pressure to the drill string and 
a mast for tool handling. Some units are equipped with 
automated tool handling devices. The sonic drill head is 
powered hydraulically. In addition to the sonic head, the feed 
system, drill fluid pumps, rod handling systems, and other 
auxiliary equipment demand power as well. Therefore, the 
power supply must be capable of providing the horsepower 
necessary to drive the system. The horsepower requirement is 
based on the desired productive capacity of the drill. The 
carrying vehicle must have sufficient gross vehicle weight to 
support the drill structure, rod handling equipment, fluid 
pumps, air compressors, and such tool storage as deck space 
allows. 

7.3.1 Drill Tower—The drill rig may have a tower for 
extracting tools from the borehole. Tower lengths can vary, 
however, higher towers allow for longer tool pulls. The drill rig 
should have sufficient retraction power to lift a full-length 
string of the largest rated diameter drill tools from the deepest 
rated depth plus an additional 50 or more of that total 
weight. 

7.3.2 Tool iandling—Sonic drills traditionally use several 
different sizes of tooling. The units are generally equipped with 
some form of tool handling devices. Some units are equipped 
with a pivotal sonic head. This allows the head to tilt up 90 
degrees to vertical so drill rod or casing can be aligned to the 
spindle for mechanical attachment. The length is then raised 

and rotated back to vertical for attachment to the drill string. 
Other units use mechanical rod loaders which position drill 
rods or casing for hook up. ire rope winches can be used for 
drill rod tripping. Units using the winch method are generally 
fitted with a slide tray that can accommodate up to 6.096 m 
(20.0 ft) lengths of drill rod for reducing sample barrel retrieval 
time. 

7.3.2.1 Tool ioint irench and iod iolder Table—A key 
component of the sonic drill is the tool joint make-up, 
breakout, and rod holding table. The upper vice of the tool joint 
should be capable of bi-directional rotation to both close and 
open the tool joints. The throat of the joint wrench must be 
large enough to accommodate the largest rated O.D. tooling of 
the drill. The throat clearance may be accomplished by jaw 
retraction or by installing different sized jaws. The lower jaw 
assembly and its supporting members should be capable of 
supporting the total weight of the maximum O.D tooling at the 
maximum depth rating of the machine. The upper jaw may 
include some form of high-speed rod spinning device to 
expedite rod disconnection. 

7.3.3 Auiiliary iquipment—Sonic drill units require a fluid 
pump or pumps depending on the anticipated work program. 
The pumps serve many purposes; to push drilling fluids down 
the bore hole for lubrication and bit face cuttings removal 
while advancing the outer casing over core barrels in certain 
formations, when rock drilling to assist in the removal of 
cuttings, for bit cooling and cuttings removal while diamond 
bit rock coring, for mixing of drill fluids and grouts, for 
grouting of instrumentation, to grout (backfill) bore holes, and 
for equipment cleaning. Drill fluid injection is generally more 
predominate when installing casing in saturated granular for­
mations to maintain pressure equalization than when drilling 
more cohesive formations. The primary purpose of injecting 
fluids is to keep the inside of the drilling casing clean as it is 
advanced over the sampling barrel. Normally drill fluids are 
not recycled during sonic drilling so volume generated is 
generally small. As the sonic drilled borings can go to 
considerable depth it is recommended that the unit have a least 
one positive displacement type pump. If a second fluid pump is 
desired, it should be capable of supplying 1380 kN m2 (200 
psi) for mixing and for cleaning. Progressive cavity, or 
peristaltic pumps, work well for this purpose. All fluid pumps 
should be equipped with pressure indicating gauges and 
pressure relief valves set at the necessary level to protect the 
pumps from damage and to prevent fracturing of the formation. 
Air compressors are sometimes used in conjunction with sonic 
drilling. They are utilized when operating down hole hammers 
or other air drilling methods to penetrate formations not 
conducive to penetration by sonic methods. Pressure require­
ments are governed by tool requirements, depth, and bore 
diameter, see Guide D 5782. General tools needed to operate 
the sonic drill unit include rod lifting tools, pipe wrenches, 
fluid swivels, and handtools for general maintenance and 
repair. Other useful equipment would include portable or 
hydraulic powered arc welders, acetylene torches, steam clean­
ers, and portable generators. Portable fluid pumps and tanks are 
also useful for fluid containment and transfer. 
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7.4 iipendable Supplies—Expendable supplies are items 
such as monitor well materials, bentonite, cement, and their 
proper uses are described in referenced ASTM standards. They 
are not addressed in this practice. 

D. DondDtDonDnD 
8.1 ieneral—Preparation of the sonic rotary drill unit for 

project work starts with a thorough check of the drill’s 
operating system. This includes the inspection, testing, and 
repair of all emergency shutdown switches and other safety 
devices. The performance of regular routine maintenance 
procedures including fluid level checks, lubrication, hydraulic 
hose inspection, leakage repairs, and the inspection of the 
physical components with necessary repairs completed. A 
thorough cleaning of the drill unit is also recommended. 
Operating tools should be inspected, repaired if necessary, and 
inventoried, to insure that an adequate supply is on hand for the 
project. Drilling tools, casing, rods, bits, etc., should be 
checked for proper repair, and loaded in sufficient quantities to 
complete the project. It is recommended that additional tooling, 
beyond that required for the project, be taken to the site to 
reduce down time from breakage or damage, and to allow for 
increases in work effort that may occur because of site 
conditions. 

NOTE 2—The items in Section 8 regarding inspection, cleaning, inven­
tory, repair, storage, transportation, decontamination, equipment checks, 
and necessary supplies are primarily related to contractor efficiency. This 
is only a partial list of activities that are considered good drilling practice 
to prepare for drilling and are offered for consideration by users. It is 
recognized that strict conformance with these items is not imperative for 
sonic drilling and does not necessarily correlate to the quality of the work. 

8.1.1 iquipment Movement—All tools, materials, and 
equipment needed for the project shall be loaded in a safe 
manner and secured in compliance with U.S. Department of 
Transportation, state, and local regulations. The drilling rig, 
support vehicles, and auxiliary equipment shall be brought to 
the project site fully fueled and ready for operation. Extra 
tooling, required instrumentation installation supplies, and 
other expendables should be stored in a central location in a 
safe and secure manner. The materials should be stored in a 
clean dry area in their original containers until transported to 
the decontamination area for cleaning if necessary or to the 
actual drill site for installation. All packaging debris, damaged 
or contaminated materials, and miscellaneous trash accumulate 
during drilling operations shall be containerized and disposed 
of properly. 

8.2 Decontamination—If the drilling rig and tooling are to 
be used on a chemically contaminated site, site specific 
decontamination procedures must be followed. For general 
decontamination information refer to Practice D 5088 for 
recommended procedures. 

8.3 Sampling Barrels—The sampling barrels are in various 
lengths, generally 1.532 m (5.0 ft), 3.048 m (10 ft), or 6.096 m 
(20 ft). Barrels should be in equal increments to facilitate the 
accuracy of borehole depth measurements. Sampling barrels 
are either solid or split styles. 

8.3.1 Solid Sampling Barrels—Check the barrel thread sec­
tion for thread condition, dents, kinks, or excessive wear that 
could result in the loss of the barrel or the sampling shoe, or in 

improper assembly that will result in a reduction of energy 
transfer. The barrel body should be straight, without dents or 
wrench burrs that could cause injury. The inside of the barrel 
should be clean, free of any debris, rust build-up, or any 
obstructions. 

8.3.2 Split Sampling Barrels—Check barrel thread section 
for thread condition, dents, kinks or excessive wear that could 
result in the loss of the barrel or sampling shoe, or in improper 
assembly that will result in a reduction of energy transfer. The 
barrel body sections should be straight, without dents, kinks, or 
wrench burrs that could cause injury. The split tongue and 
grooves must be clean and free from dents, kinks or burrs. The 
split barrels halves should fit together snugly without bowing 
or spreading. The inside of the barrel halves must be clean and 
free of any obstructions. 

8.3.3 Sampler Barrel ieads and Bits—Sampler barrel 
heads should be checked for thread condition to insure proper 
assembly to facilitate energy transfer. Sampler barrel bits are 
constructed in different configurations for use in the various 
formations encountered. The proper bit should be selected for 
the anticipated formation to be encountered. The cutting face 
should be free of dents, without cracks, non-manufactured 
grooves, or indentations. The interior of the bit should be free 
of obstructions that would impede the movement of the sample 
in the barrel. Designs in the bit to aid in recovery are permitted. 
Bits designed for use with basket retainers should have clean 
undamaged shoulders for receiving basket retainers. Check to 
see that the required tolerance is present. 

8.3.4 Drilling iithout Sampling— hen sonic drilling 
without sampling is desired the solid sampling barrel bit can be 
modified to incorporate a drive point. hen the maximum 
boring depth is reached, the sampling barrel is over drilled with 
the casing to depth and the sampling barrel is removed before 
setting instrumentation. If a disposable drive point is used, the 
sampling barrel is withdrawn the length of the point and the 
point knocked out. Then borehole activities such as water 
sampling and setting monitor wells or other devices can be 
accomplished. 

8.3.5 Tool Selection—Prior to dispatch to the project site, an 
inventory of the necessary tooling in the proper sizes, expend­
able items, and instrumentation supplies should be made. 
Drilling is an inexact science and as such planning should 
include provisions for possible contingencies that may arise 
based on the knowledge one can gather about the project and 
the geology of the site. Routinely used supplies such as drill 
casing and sample barrel bits, rod lifters, environmentally safe 
thread lubrication, sampler barrel couplers, and project specific 
materials should be available so work can proceed unimpeded. 
If using split barrels or thin wall tubes a sufficient number 
should be on hand so sample examination does not delay 
drilling. Expendable supplies such as sample retainer baskets, 
sample storage bags, or other containers, and other project 
specific materials should to be available in sufficient quantities 
so work can progress smoothly. Specialized sampling tools, 
necessary for project specific requirements, should be checked, 
cleaned and available in the required number. Refer to Guide 
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D 420 for additional information on soil sampling tool selec­
tion. Materials for proper sealing of boreholes should always 
be available at the site. 

D. Drocedure 
9.1 ieneral Set ip—A safety meeting and site project 

information meeting is held. A complete set of job safety 
analyses procedures is reviewed; Utility clearance information 
is reviewed. The drill crew puts on the required personal 
protective safety gear. The drill foreman makes a general site 
reconnaissance and specifically reviews the borehole location 
before moving any equipment onto the site. All underground 
and overhead utilities locations are checked and all members of 
the drill crew receive knowledge of their whereabouts. Any 
overhead obstructions that may impede drill rig setup and 
operation are noted. The travel path to the boring location is 
evaluated for the safe movement of the equipment. Move the 
drill rig and service vehicles to the borehole location. Unload 
any auxiliary equipment or supplies from the drill that would 
interfere with the rig setup. Level the drill unit. The leveling 
jacks should have sufficiently sized ground contact pads to 
spread the load and prevent settling during drilling that can 
cause misalignment of the drill tools. Once the drill is level, 
raise and secure the mast. If drilling fluids are to be collected 
position a fluid containment vessel. Position the service ve­
hicles as necessary for efficient tool handling and drilling 
support. Hook up any pumps, hoses, and position working 
tools as necessary. 

9.1.1 Drilling Methods—Sonic drilling can be performed 
wet, using a drilling medium, or dry. The choice of method is 
determined by project requirements, formations to be pen­
etrated, and the depth to be achieved. In sonic drilling, the 
sampling barrel is advanced dry except for those occasions 
when actual rock or concrete penetration is occurring and 
drill-cutting removal is necessary to prevent tool lockup. 
Bouldery formations and weathered bedrock can be drilled dry 
as long as they will allow the cuttings at the bit face to be 
forced into the formation without friction causing excessive 
heat or impeding penetration of the formation. Drilling 
progresses by fracturing, shearing, or displacement. Fracturing 
occurs when drilling through formations with cobbles, boul­
ders, or rock formations. Shearing occurs when penetrating 
dense silt, clay, or soft shale. Displacement occurs in granular 
formations when the material is liquefied and moves away 
from the bit and casing, or up the casing or sampling barrel. In 
sonic drilling, as in other drilling practices, a combination of 
methods may be necessary to complete the project. 

9.1.2 Tool ireparation—Attach the proper bit for the for­
mation anticipated to the sampling barrel. Connect the sam­
pling barrel to the drill head and tighten the drill bit and the 
sampling barrel to the drill head. Check the plumb of the casing 
in relation to the drill rig. The pre-torquing, or tightening of rod 
joints is essential to the transmission of energy through the rod 
string when using sonic technology. All drill rod and casing 
joints should be pre-torqued to the manufactures rated capacity 
and or to a level equal to the maximum amount of force that the 
sonic head can impart. Failure to do so can result in a loss of 
energy as well as damage to the threaded joint and or loss of 
tooling. It is generally necessary to rotate the drilling casing to 

provide for even bit wear, control borehole alignment, and to 
facilitate removal of the casing and samplers from the borehole 
on completion. Slow rotation speed is satisfactory as speed is 
not a controlling factor in advancing the tools. In certain 
formations rotation of the sampling barrel during core sam­
pling may be necessary. 

9.2 Sample Barrel Insertion—Advance the sample barrel 
into and through the topsoil, pavement, or other surface 
material. ithdraw the sampler from the borehole and remove 
initial penetration material. Reinsert the sampling barrel, apply 
down pressure, activate the sine generator, and began rotation 
if needed. Note bottom limit of penetration and adjust as 
needed by using various rod lengths to achieve desired 
sampling increment end point. It is desirable to end sample 
increments at the even meter (foot), or centimeter (one-half 
foot) increments for ease of bore hole measurements. Accurate 
measurements are critical to determine recovery, locate strata 
changes, and determine proper instrumentation location in the 
borehole. 

9.2.1 Sampling-Solid Barrel—At the completion of the 
sampling run, stop down pressure, stop the sine generator and 
any rotation of the sampling barrel. If necessary disconnect 
from the sampling barrel and install casing over the sampling 
barrel. Extract the sampling barrel from the borehole using the 
drill head or such other method as will expedite the movement 
of the sampling barrel to the surface. At the surface, reattach 
the sampling barrel to the sine generator and position the 
sampling barrel to remove the sample. Remove the bit, 
protecting the bottom of sampling barrel to prevent any 
material from dropping out. Remove any material in the 
sampling bit and place it in the sample receiving bag in the 
correct orientation. Slide the sample bag over the sampling 
barrel the full remaining length of the bag so the sample does 
not fall. Allow the sample to flow into the bag by activating the 
sine generator as needed to vibrate the sample from the barrel. 

eep the sample bag as close to the bottom of the sample barrel 
as possible while it fills to reduce sample dropping distance 
causing as little disturbance as possible. Samples are generally 
deposited in 61 m (2.0 ft) to 1.524 m (5.0 ft) length plastic bags 
for review, logging and analysis. Sample bag length should not 
exceed 1.524 m (5.0 ft) as the weight of the specimen collected 
becomes very difficult to handle without causing excessive 
disturbance. Change sample bags as needed until all sample is 
removed from the barrel. It is important that all material 
collected be contained for recovery measurements and for 
disposal. Accurate measurements of sample recovery are 
achievable with the solid barrel sampling method of sample 
collection if certain practices are followed. In some formations 
more precise measurements of recovery can be made using 
clear plastic sampler liners. Hydraulic extraction of the sample 
from the solid barrel sampler can also be utilized in some 
formations. The nature of sonic vibration and bit face displace­
ment can cause some disturbance in granular and in other soils. 
This should be kept in mind when measuring recovery and 
examining core samples. Such measurements are best judged 
by experienced equipment operators and knowledgeable field 
logging personnel who are knowledgeable in recognizing the 
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differences in disturbed verses non-disturbed formation mate­
rials. Clean the sampling barrel by flushing with clean water or 
decontaminating as necessary. If project needs require full 
decontamination remove the used sampling barrel to the 
decontamination area, attach a cleaned sampling barrel to the 
drill head, add the drill bit and tighten it, and reinsert the 
sample barrel into the borehole to the depth of the previously 
sampled increment. Repeat the sampling process. It may be 
advantageous to rotate the sampling barrel as is withdrawn 
from the borehole to aid in extraction. However, rotation 
during extraction should only be used when necessary to 
retrieve the sampling tools to avoid disturbing the sample or 
causing it to fall from the sampling barrel. In some formations 
it may be necessary to activate the sine generator to facilitate 
withdrawal of the sample barrel. Once the sample is collected 
however, any action applied could cause disturbance to the 
sample. All such actions should be avoided wherever possible. 

9.2.2 Sampling-Split Barrel—The procedure for using split 
barrel samplers is the same as solid barrel samplers except that 
the split barrel design it is not able to accept heavy down 
pressure or high friction resistance rotation. The limits of the 
split barrel are easily exceeded and caution must be exercised 
when utilizing these tools. Split barrel samplers offer the 
potential for reducing sample disturbance as the sample is 
removed from the core barrel. Sample removal and cleaning 
follow the procedures in referenced ASTM standards. Measur­
ing sample recovery may be more accurate with the split barrel 
as result of generally shorter run length and the ability to 
visibly observe the material being measured in the barrel 
before it is removed. 

9.3 Drilling with Casing—It is generally necessary to sta­
bilize the borehole with an outer casing to control caving or 
slough, to facilitate sample collection, to protect against aquifer 
cross contamination, to provide a controlled environment for 
well or instrumentation installation, and to insure proper 
bottom up grouting. Casing is either installed using drilling 
fluid or installed dry depending on the formation being 
penetrated. Casing is available in a variety of lengths and 
diameters common to the drilling industry to fit a range of 
project requirements. The casing is either advanced over the 
sampling barrel when using drilling fluid or after the sample 
barrel has been removed from the borehole when drilling dry. 
Proportional sizing of the sampling barrel to the casing is 
required to insure that the casing is properly cleaned. 

9.3.1 Drilling Casing iet—Various drilling fluids can be 
used to advance the casing ranging from clean potable water to 
specialized drilling fluids. The choice of fluid is dictated by the 
formation and the project requirements. There is generally no 
recirculation of the drilling fluid during sonic drilling. The 
drilling fluid serves several functions. It helps keep debris and 
drill cuttings from entering the casing; it provides a lubrication 
film between the outside of the casing and the formation 
materials; It removes drill cuttings from the face of the bit and 
from the borehole annulus; and the fluid helps to keep the 
sample barrel and the casing from becoming sand locked as the 
casing passes over the barrel. It is important that the annular 
space between the sampler barrel and the casing bit be kept to 
a minimum. This prevents material from moving into the 

annular space, reduces the amount of drilling fluid needed, and 
helps maintain borehole alignment. The drilling fluid is also 
used to maintain a pressure equalization head inside the casing 
to prevent any inflow of formation materials. 

9.3.1.1 Casing Insertion iet—The sampling barrel is ad­
vanced to the required depth increment as described previ­
ously. The drill head is disconnected from the sampling rod 
string. A plug is placed in the drill rod box to protect the 
threads and prevent any drill fluid from entering the sampling 
rod string. An equal length of drill casing is attached to the drill 
head and hoisted into position over the sampling rod string. As 
the casing is advanced using downpressure, rotation and 
vibration, drilling fluid is pumped into the casing string. The 
casing is advanced to the base of the sampling barrel shoe. 
Advancement is stopped. The drill head is disconnected from 
the casing and reconnected to the sampling barrel tool string. 
The sampling barrel is then removed and the sample extracted. 
The sampling barrel is cleaned and then reinserted, additional 
drill string added, and the sample barrel advanced to the next 
increment. Then the casing installation procedure is repeated. 
There is a slight amount of contact between the top of the 
sampling increment and the drilling fluid when the sample 
barrel is withdrawn. However, as no drilling fluid is recycled, 
the composition of the drilling fluid remains known and 
controlled. As soon as the sample specimen begins to enter the 
barrel the fluid in the barrel is pushed upward and the sides of 
the sample barrel are sweep clean by the friction of the passing 
soil. 

9.3.1.2 Bore iole Slough or Cave-In—As with all drilling 
methods there are times when special techniques are needed to 
maintain control of the bore hole. In certain formations, if the 
head pressure in the borehole is not equalized, the ground 
water will carry formation materials in as it equalizes in the 
borehole. If project constraints do not allow the adding of 
compensating fluids other techniques must be employed. To 
provide room for the deposited material a second sampling 
barrel can be added on top of the first. As the materials are 
essentially liquefied along the barrel surface there is relatively 
little influence exerted on the lower portions of the sample 
from the upper portions. However, to insure sample quality and 
integrity every effort should be made to eliminate as much 
cave-in as possible. 

9.3.1.3 Drilling Casing Dry— hen installing casing dry, 
advance the sampling barrel through the scheduled interval. 
Remove the sample barrel and process the sample. Connect the 
drill head to the casing and advance the casing to the bottom of 
the previously sampled increment. Disconnect from the casing. 
Insert the sample barrel and vibrate through the borehole 
material in the casing to the top of the next scheduled sampling 
increment. Remove the sampling barrel and clean it in accor­
dance with project requirements. Reinsert the sampling barrel 
and advance it to the end of the next sampling increment. Then 
repeat the procedure. In certain formations a double length 
sample barrel can be utilized to both remove the borehole 
material and to continuously sample the next increment in one 
tool trip. henever slough is encountered in the borehole it 
should be measured and properly noted on the boring log. 
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Determining the need for cleanout runs with the core barrel is 
primarily a driller skill. 

9.4 Bore iole Testing—The sonic drilling method lends 
itself well to many forms of borehole testing in most forma­
tions primarily because of the clean cased hole provided and 
from the versatility of the machine. Actual procedures for 
water and aquifer testing, or other formation properties inves­
tigation procedures are given in referenced ASTM standard and 
will not be individually addresses here. The very high level of 
energy that can be imparted to the drill bit by the sonic drill 
gives it the ability to advance casing and core barrels into very 
dense formations. In these dense formations, when drilling dry, 
the borehole wall may be affected by the forcing of soil 
particles into it. Should this condition be of concern it can be 
alleviated by using potable water injection while advancing the 
casing, by using a crowd in style bit that directs materials 
sheared from the borehole wall into the casing, by borehole 
wall scraping with the casing bit, or by injecting natural clay 
breakdown compounds. 

9.4.1 Pump testing to determine aquifer characteristics, Test 
Method D 4050, is easily accomplished because of the clean 
hole and the minimal disturbance that is caused to the 
formation. This results in a rapidly clearing formation that 
reaches its maximum production rate quickly. Minimum tur­
bidity with rapid production results in less development water 
for disposal and expedited test results. This is especially 
significant when setting smaller diameter wells, which can only 
accommodate low volume pumps. Slug tests, Test Method 
D 4044, can also readily be preformed because of the clean 
borehole wall. 

9.4.2 iell Installation— ells, Practice D 5092, of various  
sizes can be set using the sonic method. Advantages are that in 
many formations the casing in the screened zone can be set 
without fluid to keep the formation clean and to reduce 
development and or pumping time. The vibratory effect can be 
used to good advantage to settle filterpack material around the 
screen and eliminate bridging of backfill materials as the casing 
is removed. 

9.4.3 ither Instrumentation—Any type of instrumentation 
that can be set with any other drilling method can be set with 
sonic drilling. In-situ borehole tests such as pressure meters 
D 4719, vane shear devices D 2573, permeability testing using 
packers D 4630, etc., can be used with the sonic method as 
long as the borehole wall is prepared in accordance with the 
proper ASTM standard. hen utilizing these types of testing 

methods it may be necessary to advance the casing into the 
borehole using water injection and a crowd in bit to minimize 
sonic drilling’s effect on soil pore pressure. 

9.5 Incorporating ither Drilling iractices—The sonic drill 
rig easily accommodates other drilling methods should they be 
needed to satisfactorily complete projects. Rock coring adap­
tations can be incorporated to do diamond bit coring either 
wireline or conventional. Sonic drills generally have low rotary 
rpm ratings. Adequate speeds for rock coring can be acquired 
through a gear driven speed multiplier, a high-speed coring 
head, 2-speed rotation motors, or if available, adjustment to the 
rotational output of the sonic drill head. Downhole hammers 
can be readily adapted to the sonic drill with the incorporation 
of a compressed air source. The low rpm rating works very 
well with downhole hammer. As the sonic drill offers all basic 
drill functions air or fluid rotary techniques can be easily 
adapted as well. Standard soil sampling techniques can be 
utilized with the sonic drill. Split barrel sampling with standard 
penetration tests, thin walled tubes, and the like can be easily 
incorporated. 

1D. DompDetDon Dnd SeDDDnD 
10.1 Information on the sealing of boreholes can be found in 

Guide D 5299, and in Guides D 5781, D 5782, D 5783, and  
D 5784. State or local regulations may control both the method 
and the materials for borehole sealing. 

11. Record DeepDnD 
11.1 iield ieport—The field report may consist of boring 

log or a report of the sampling event and a description of the 
sample. Soil samples can be classified in accordance with 
Practice D 2488 or other methods as required for the investi­
gation. Prepare the log in accordance with Guide D 5434, 
which lists the parameters required for the field investigation 
program. List all information related to drilling and the 
sampling event, including depth, fluid injection, drilling pa­
rameters, sampling Intervals, recovery, strength index readings 
such as pocket pentrometer, classification of soil, and any 
comments on sampler or casing advancement. If a computer 
collects drill performance data, add identifying marks to log so 
correct information can be downloaded and incorporated into 
the final log as necessary. 

12. DeDDords 
12.1 drilling; resonance; soil and rock sampling; sonic; 

subsurface exploration 
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~~l~ Designation: D 5434 - 97 

Standard Guide for 
Field Logging of Subsurface Explorations of Soil and Rock 1 

Tl~i~ standard .is issu~d under the fixe~ ~esignation D 5434; the number immediately following the designation indicates the year of 
ongmal adop11on or, 111 the case of rcv•s•on, the year of last revision. A number in parentheses indicates the year of last reapproval. A 

superscript epsi lon (E) indicates nn editorial chnngc since the lnst revision or rcnpproval. 

t. Scope 
1.1 This guide describes the type of infonnation that should 

tic! recorded during field subsurface explorations in soil and 
rock. 

1.2 This guide is not intended to specify all of the infonna­
lion required for preparing field logs. Such requirements will 
yary depending on the purpose of the investigation, the 
inlended use of the field log, and particular needs of the client 
M user. 

1.3 This guide is applicable to boreholes, auger holes, 
~xcnvated pits, or other subsurface exposures such as road side 
cuts or stream banks. This guide may serve as a supplement to 
GuideD 420. 

1.4 This guide may not be suited to all types of subsurface 
exploration such as mining, agricultural, geologic hazardous 
waste, or other special types of exploration. 

1.5 This standard does not purport to address all of the 
.mfety concerns, (f any, associated with its use. It is the 
responsibility of the user of this standa1d to establish appro­
priate safety and health practices and determine the applica­
bility of regulatO/)' limitations prior to use. 

1.6 This guide offers an organized collection of infomwtion 
or a series of options and does not recommend a specific 
wurse of action. This document cannot replace education or 
:·'flerience and should be used in conjunction with professional 
Jl~dgment. Not all aspects ofthis guide may be applicable in all 
c~rcumstciii Ces. This ASTM standard is 1101 intended to repre­
rem. or replace the standard of care of which the adequacy of 
II g1ven professionclf service must be judged, nor should this 
do:umellt be applied without consideration ofa project's many 
muque aspects. The word "Standard" in the title of this 
documem mea11s only that the documem has bee11 approved 
tluvugh the ASTM consensus process. 

e: , 

;..;~· 

2· Referenced Documents 

2.1 ASTM Standards: 
D~20 Guide to Site Characterization for Engineering, De­

Sign, and Construction Purposes 

fl.t\l~;• ll~ide is under the j~~~diction of ASTM Co~mitt.ee D-18 on Soil and 
,J •s the dtrect rcspons•bthty of 0 18.07 on ldenuficauon and Classification 

. '" 
ent edition approved December 10. t997. Published July t998. Originally 

"hcd :!S D 5434- 93. Lasr previous edition D 5434- 93. 

Cca-,,>Qht 
C ASfM, tOO Barr Harbor Drive. West Conshohocken, PA 19428-2959. United Stales. 

D 653 Tenninology Relating to Soil, Rock, and Contained 
Fluids2 

D 1452 Practice for Soil Investigation and Sampling l>y 
Auger Borings2 

D 1586 Method for Penetration Test and Split-Barrel Sam­
pling of Soils2 

D 1587 Practice for Thin-Walled TILlbe Geotechnical Sam­
pling of Soils2 

D 21 13 Practice for Diamond Core Drilling for Site Inves­
tigation2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)2 

D 2573 Test Method for Field Vane Shear Test in Cohesive 
Soil2 

D 344 L Test Method for Deep, Quasi-Static, Cone and 
Friction/Cone Penetration Tests of Soil2 

D 3550 Practice for Ring-Lined .Barrel Sampling of Soils2 

D 4083 Practice for Descri ption of Frozen Soils (Visual­
Manual Procedure? 

D 4220 Practices for Preserving and Transporting Soil 
Samples2 

D 4403 Practice for Extensometers Used in Roek2 

D 4544 Practice for Estimating Peat Deposit Thickness2 

D 4622 Test Method for Rock Mass Monitoring Using 
lnclinometers2 

D 4623 Test Method for Determination of In Situ Stress in 
Rock Mass by Overcoring Method-USBM Borehole 
Deformation Gage2 

D 4633 Test Method for Stress Wave Energy Measurement 
for Dynamic Penetrometer Testing Systems2 

D 4645 Test Method for Detenninalion of the In-Situ Stress 
in Rock Using the Hydraulic Fracturing Method2 

D 4 719 Test Method for Pressuremeter Testin!! in Soils2 

D 4750 Test Method for Determining Subsudace Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well)2 

D 4879 Guide for Geotechnical Mapping of Large Under­
ground Openings in Rock2 

D 5079 Practices for Preserving and Transporting Rock 
Core Samples3 

3. Terminology 

3.1 Definitions: 

! Ammo/ Book ofASTM Sumdard.f. Vol 04.08. 

·' Arumal Book of ASTM Stnudartfs. Vol 04.09. 
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3.1.1 Except as listecl below, all definitions are in accor­
dance with Terminology D 653. 

3.2 Description of Tenn Specific ro This Standard: 
3.2.1 field log-a record prepared during subsurface explo­

rations of soil and rock. to document procedures used, test data, 
descriptions of materials and depths where encountered, 
ground water conditions, and other information. 

4. Summary of Guide 

4.1 This guide describes the type of infom1ation that should 
be recorded during the execution of field subsurface explora­
tions in soil and rock. The information described relates to the 
project, personnel, methods of investigation and equipment 
used, visual description of subsurface materials and ground 
water conditions, in-situ testing, installation of monitoring 
equipment, and other data that may be appropriate. 

5. Significance and Use 

5.1 The preparation of field logs provides documentation of 
field exploration procedures and findings for geotechnical, 
geologic, hydrogeologic, and other investigations of subsurface 
site conditions. This guide may be used for a broad range of 
investigations. 

5.2 The recorded information in a field log will depend on 
the specific purpose of the site investigation. All of the 
information given in this guide need not appear in all field logs. 

6. Summary of Work 

6.1 Soil and rock field logs should include the following 
written information: 

6. 1.1 Project information should include: 
6. 1. 1.1 Name and location of the project or project number, 

or both, 
6.1.1.2 Name of personnel onsite during the exploration, 

such as drilling crew, supervisor, geologist, engineer, and 
technicians, 

6.1 .1.3 Names and addresses of organizations involved, 
6. 1.1.4 Name of person(s) preparing log, 
6. 1.1.5 Reference datlllm for project if available and descrip­

tion of datum, and 
6.1.1.6 General remarks as appropriate. 
6.1.2 Exploration information should include: 
6. 1.2 .1 Exploration number and location (station and coor­

dinates if available and applicable, position relative to a local 
permanent reference which is identified, or markings of explo­
ration location), 

6.1 .2.2 Type of exploration, such as drill hole, auger hole, 
test pit, or road cut, 

6. 1.2.3 Date and time of start and finish, 
6.1.2.4 Weather conditions including recent rain or other 

events that could affect subsurface conditions, 
6.1.2.5 Depth and size of completed exploration, 
6.1 .2.6 The condition of exploration prior to and after 

backfi ll ing or sealing, or both, and 
6.1.2.7 Method of backfilling or sealing exploration, or 

both. 
6. 1.3 Explorations by drill hole or auger hole should include 

the following drilling information: 
6.1.3.1 Type and make (manufacture and model if known) 

of drilling machine or description and name of conLractor. 
6.1.3.2 Method of drilling or advancing and cleaning th~.: 

borehole. State if air, water, or drilling fluid is used. Describe 
type, source of water and additives, concentration, and tests 
peli'ormed on fluid, 

6.1.3.3 Size, type, and section length of drilling rods (rod 
designations should conform with Table 3 of Method D 211 3; 
and drilling bits used. 

6.1 .3.4 Dates and times of each stage of operation and time 
to complete intervals, 

6.1.3.5 Size of hole (diameter and depth), 
6.1.3.6 Ground elevation at top of borehole, 
6.1.3.7 Orientation of dri ll hole, if not vertical (azimuth or 

bearing and angle), 
6.1.3.8 Size and description of casing. if appropriate. 

method of casing installation (driven, drilled, or pushed) and 
depth of cased portion of boring (casing size designations 
should conform with Table 2 of Method D 2113), hollow-stem 
augers, 

6. 1.3.9 Methods used for cleaning equipment or drilling 
tools, or both, when required, and 

6.1.3.10 Describe and state depth of any drilling problems 
such as borehole instability (cave in, squeezing hole, flowing 
sands), cobbles, lost drilling fluid, lost ground, obstruction, 
fluid return color changes. and equipment problems. 

6.1.4 Exploration by test pit, road cut, stream cut, etc.. 
should include: 

6. 1.4. 1 Method of exploration, 
6.1 .4.2 Equipment used for excavation, 
6.1.4.3 Type of shoring used, and 
6.1.4.4 Excavation problems: instability of cut (sloughing, 

caving, etc.), depth of refusal, difficulty of excavating, etc. 
6.1.5 Subsurface information should include: 
6.1.5.1 Depth of changes and discontinuities in geologic 

material and method used to establish change (such as Practice 
D 4544). 

6.1.5.2 Description of material encountered with origin or 
fonnation name, if possjble, and type of samples used for 
description. The system or method of soil (such as Practices 
D 2488 and D 4083) or rock description should be referenced. 

6.1.5.3 Description of nature of boundary between strata 
(gradual or abrupt, as appropriate) and other relevant structural 
features such as breccia, slickensides, solution zones, discol­
orations by weathering or hydrothermal ftuids, and other 
stratigraphic information. 

6. 1.6 Soil or rock sampling and testing information should 
include: 

6.1.6.1 Depth of each sample and number (if used), 
6. I .6.2 Method of sampling (reference to appropriate 

ASTM standard, for example, Practice D 1452, Test Method 
D 1586. Method D 1587, PracticeD 3550, or other method). 

6.1.6.3 Description of sampler: inside and outside dimen­
sions, length, type of metal, type of coating, and type of liner. 

6.1.6.4 Method of sampler insertion: pushed, cored, or 
driven, 

6.1.6.5 Sampler penetration and recovery lengths of 
samples (rock quality designation (RQD) and rate of coring in 
the case of rock), 
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6.1.6.6 Method of sample extrusion. Mark direction of 6.l.7.7 Description of any field tests conducted on groundntractor. 
·leaning the 
:d. Describe 
n, and tests 

g rods (rOd 
IOd D2113) 

on and time 

(azimuth or 

appropriate, 
?UShed) and 
jcsignmions 
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or drilling 

1g problems 
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ns. 
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h as Practice 
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Test Method 

er method). 

tsidc dimen· 

type of liner. 

j, cored, or 


lengths of 

: of coring in 


c:ctrusion, water samples such as pH, temperature, conductivity, turbidity, 
6.1.6.7 Method of preserving samples and preparing for or odor. 

11311sport (refer to Practices D 4220 or D 5079), 6.1.8 Infonnation regarding installation of instrumentation I 
6.1.6.8 Mark top and bottom of samples and orientation, if or monitoring equipment should include: 

pOSSible, 6.1.8. 1 Type of equipment installed, for example, piezom­6.1.6.9 Depth and description of any in-situ test perfonned I
eters, monitoring well screens, inclinometer, including sizestreference to applicable ASTM standard, for example, Test 
and types of materials, Methods D 1586, D 2573, D 3441, D 4623, D 4633, D 4645, 


0 .l7 19, or other tests if applicable), 6.1.8.2 Depth and description of equipment installed (refer­ I 

6.1.6. I 0 Description of any other field tests conducted on ence to applicable ASTM standard, for example, Test Method 

soil and rock during the exploration such as pH, hydraulic D 4622, Practice D 4403, or other standards or procedures), 
conductivity, pressuremeter geophysical, pocket penetrometer, 6.1.8.3 Methods used for installation of equipment and I 
)Oil gas/vapor analysis, or other tests, and method used for sealing annular space, and 

6. 1.6.11 Destination or recipient of samples and method of 6.1.8.4 Methods used to protect equipment (casing cap or 
113nsportation. Ilocks) . . 

6.1.7 Ground water infonnation should include: 
6.2 Soil and rock field logs should include the following6. 1.7.1 Depths and times at which ground water is encoun­

pictorial infonnation: ~ered, including seepage zones, if appropriate, I 
6. 1.7.2 In the case of drilling using drilling fluid, depth of 6.2.1 Maps, drawings, or sketches of area of exploration and 

fluid surface in boring and drilling depth at the time of a noted subsurface surfaces observed. Include pertinent surface infor­
toss or gain in driiJing fluid, mation such as neighboring outcrops, as appropriate. Describe I 

6.1.7.3 Depth to ground water level at the completion of system of mapping, such as Guide D 4879 for rock, or legend 
drilling and removal of drill steel and description of datum for symbols of materials. Include dimensions, directions, and 
(note condition of borehole, for example, cased or uncased). slopes, and I
Date and time measured, 6.2.2 Photographs of activities, surfaces, or core. Describe 

6. 1.7.4 Depth to ground water level at some reported time sequence, dates and time, direction, objects used for scale, and 
period following completion of drilling and description of Isubject.
datum, when possible. 

6.1.7.5 Method or equipment used to detennine depth of 
7. Keywords 

ground water level, such as Test Method D 4750, I
6.1.7.6 Method and depth of ground water samples ob­ 7.1 drilling; explorations; geologic investigations; ground 

tained, including size of samples taken and description of water; logging; preliminary investigations; sampling; soil in­
sampler, and vestigations; subsurface investigations 

TheAmerican Society for Tesl/ng and Materials lakes no position respecting the validity of any patent rights asserted in connection 
with any Item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any svch 
patent rights, and the risk of infringement of such rights, are entirety their own responsibility. 

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved orwithdrawn. Your comments are Invited either for revision of this standard or for additional standards 
and shoold be addressed to ASTM Headquarters. Your comments wiH receive careful consideration at a meeting of the responsible 
technical committee, which you may attend. If you feet that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, at the address shown below. 

This standard Is copyrighted by ASTM, 100Barr Haroor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States . 
Individual reprints (single or multiple copies} of this standard may be obtained by contacting ASTM at the above acfcfress or at 
610-832-9585 (phone), 610·832-9555 (fax), or servlce@astm.org (e-mail); or through the ASTM website (www.astm.org) . 
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1.0 	 BACKGROUND 

The Membrane Interface Probe (MIP) system is a multipurpose tool for mapping 
soil and groundwater contamination, specifically volatile organic compounds (VOCs) 
such as halogenated solvents and petroleum compounds. MIP used for the detection and 
measurement of VOCs vertically through the subsurface. As a continuous VOC sampling 
system which heats the soil, water, and vapor matrix is driven into the subsurface, the 
MIP maps contaminants within the groundwater and the surrounding soil.  The VOC 
mass which is extracted across a semi-permeable membrane is carried to the surface by 
an inert purge gas via small diameter inert tubing. Once the compounds reach the surface 
they are analyzed by a suite of laboratory grade detectors. The sensor detection system 
includes: 

•	 Photo Ionization Detector (PID), 
•	 Flame Ionization Detector (FID) , and a 
•	 Halogentated Compound Detector (either an ECD [Electron Capture Detector], 

XSD™ [Halogen Specific Detector], or a DELCD [Dry Electrolytic Conductivity 
Detector]) 

Together, these three detectors offer a range of sensitivities and a means of 
discriminating different classes of compounds – from chlorinated solvents to gasoline 
hydrocarbons to methane soil gas.  The use of multiple detectors is important for 
separating different types of contamination such as petroleum (retail gasoline station) 
from chlorinated solvents (dry cleaners). The complementary range of performance of the 
different detectors enables the system to function from low contaminant levels to near 
NAPL levels. 

1.1	 APPLICATIONS IN A RANGE OF IN-SITU CONTAMINANT 
CONCENTRATIONS 

The standard flow rate for the nitrogen within the transfer line is 40 mL/min.  This 
can vary depending on the ambient air temperatures and the approximate concentrations 
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of the contamination. If the ambient air is 40 degrees or lower, the flow should be 
increased to 50 mL/min.  If the site investigation is focused on locating lower 
concentrations such as defining the outer edge of a plume, or the contaminant of concern 
is a known “low responder”, the flows can be adjusted to be within 20-30 mL/min as 
deemed appropriate by the operator.  When looking for high levels of contamination in 
source areas or NAPLs, the flow may be increased to be within 50-60 mL/min. 

2.0 SETUP 

When looking at the back of the controller box, on the right hand side, there is a 
port labeled Nitrogen Source.  This is where the nitrogen supply enters the system.  To 
the left of the nitrogen source is the input for detector 1 and detector 2.  The green 
connector, which is the detector electrometers, is inserted here. 

A trunk line connects the MIP probe to a controller box and the GC; the following 
assumes that a trunk line is already connected to the probe.  The trunk line consists of 5 
wires, 1/16” down line Teflon tubing, and 1/16” return PEEK tubing.  The brown wire is 
the thermocouple wire and is made up of 2 individual wires, red and yellow.  These two 
wires are connected to the male thermocouple connector (yellow).  The red wire goes to 
the negative pole, and yellow to the positive: the +/- is clearly marked on the connector 
itself. The male thermocouple connector then gets inserted into the female connector 
labeled Thermocouple at the back of the controller box.  The remaining 4 wires are 
associated with the Heater and Conductivity connector. The probe heater wires (both 
yellow) are connected to the top 2 lugs of this connector.  The Dipole soil conductivity 
wires (red/white) are connected to the bottom 2 lugs of the connector.  The 2 lengths of 
tubing should always be joined by a female-to-female adaptor when not attached to the 
controller box and GC.  This is to prevent any particulate matter from getting inside the 
tubing and potentially causing a clog.  The first length of tubing is always connected to 
the port labeled Regulated Out at the back of the controller box first.  This is so that any 
particulate matter that may have entered into the tubing is expelled, be sure that nitrogen 
is flowing through the controller box.  The second length of tubing is then connected to 
the inlet of the dryer tube.  When attaching gas lines they are to be hand tight and then a 
¼ turn with a wrench.  

3.0 START UP 

• Check to ensure that nitrogen has greater than 400 psi, replace tank if lower 
• Turn on nitrogen source, and check that regulator reads 60 psi out 
• Confirm ~20psi on Prime Regulator gauge and record in log 
• Power on GC, confirm proper detector temperatures 
• Power on MIP controller box 
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•	 Power on PID lamp and PID heater 
•	 Power on air compressor and turn on hydrogen (60 psi) 
•	 Light FID 
•	 Check flows and membrane…section 5.1 
•	 Turn controller box probe heater switch to on 
•	 Power on laptop or field computer 
•	 Open MIP software. 
•	 Response check…section 5.2 

3.0 LOGGING PROCEDURES 

•	 Use a rotary drill steel, or pre-probe punch to create a pilot hole if going through 
asphalt or concrete. 

•	 Place the rod wiper under the foot of the probe, and line it up with the pilot hole. 
•	 Put the slotted drive cap on the probe drive head, and insert the probe into the 

hole in the rod wiper, so that the tip of the probe is even with the ground. 
•	 Connect the umbilical and string-pot…section 5.4 
•	 Check the pressure readings, temperature and detector baselines. 
•	 Press the trigger to on position and commence probing. 
•	 Advance the probe 1-foot at a hammer rate determined by COLUMBIA’s
 

analyst, wait 30 seconds, repeat to refusal.
 
•	 If necessary change the attenuation of the GC and the MIP if the response begins 

to approach the end of the current range. (see section 5.2) 
•	 If the contaminant is known to exist at or below a certain depth, it is acceptable to 

push straight to that depth without stopping.  The log will still provide accurate 
depth and conductivity data. 

•	 When looking for NAPL, it may be useful to push through different intervals 
rather than “stop and hold” as deemed necessary. 

•	 Once the target depth or equipment refusal has been reached, wait 15 seconds 
longer than the determined trip time and turn the trigger “off”. 

•	 Release the string-pot string from the counter weight, and disconnect the 

umbilical, insert cotter pin in counter weight whenever rig is in motion. 


•	 Using DI Viewer, recall the appropriate file, adjust the scaling to the
 
predetermined uniform scale, check for anomalies and edit appropriately
 

•	 Print out MIP log if client requests. 
•	 Upload the MIP log data files and performance test files per SmartData
 

Solutions® SOP
 

4.0 RETRIEVAL AND INSPECTION 
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•	 Start pulling rods out of the ground, and replace on rod rack. 
•	 Rod wiper will normally suffice for decon unless otherwise specified by client. 
•	 If high levels were encountered, it may be useful to clean the membrane with 

methanol. 
•	 Prior to the next location, visually inspect the probe and tighten if necessary, 

check for changes in back flow pressures and temperatures.  
•	 If moving system to perform another log, prepare equipment for travel and repeat 

the above procedures.  If there are no more logs to perform shutdown the 
system…section 5.5 

5.1 FLOW TESTS 

There are several critical flows that need to be monitored, and possibly adjusted to 
maximize the efficiency of the MIP system.  These include the pressure from the supply 
tank to the prime regulator, the flow rate throughout the transfer line, the mass flow, and 
the flow rate inside the dryer tube.  This is done at the beginning of everyday, and again 
if deemed necessary by COLUMBIA’s analyst due to changing field conditions. 

•	 The prime regulator on the front of the MIP controller box should be set to ~20 
psi using a small flathead screwdriver. 

•	 Disconnect the nitrogen line at the trunkline exit and attach a 1/16” female-to­
female adaptor. 

•	 Insert adaptor into the flow meter line. 
•	 Adjust the mass flow dial with small adjustments until the meter reads ~40 


mL/min or alternate predetermined rate.
 
•	 Reconnect and check flow coming out of the controller box.  The difference 

should be less than 5mL/min. 
•	 Lock the mass flow dial in place, and record both mass flow and dial setting. 
•	 Disconnect the nitrogen line, and attach the meter to the outlet of the dryer tube. 
•	 The measured flow out of the Dryer tube should be ~80 mL/min. 
•	 Adjust the flow accordingly using the control valve on the opposite end of the 

dryer tube. 
•	 Disconnect the meter and reconnect gas lines. 
•	 Check membrane for excessive leaks with Snoop or similar leak detector. 
•	 If bubbles appear around the perimeter of the membrane, use membrane wrench 

to tighten, and check again. 
•	 If excessive leak at center of membrane, replace membrane…(refer to section 5.4) 

5.2 QUALITY ASSURANCE RESPONSE CHECK and TRIP TIME 
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Although the MIP system cannot be calibrated, the system can be monitored for 
reproducibility and proper performance.  Using detector specific compounds, a response 
check is performed before every MIP log. This procedure can performed using solvent 
vapors (a “Response Test”), or using aqueous solutions of known compounds (a 
“Performance Test”). 

5.2.1 RESPONSE TEST 

This is done by introducing the headspace of a neat organic compound to the 
membrane, and then measuring the response against pre-set acceptable limits. The “trip 
time”, or the time it takes for a mass to move across the membrane and cause a detector 
response, needs to be measured at the time of a response check. 

•	 Scroll the MIP software up to view the response vs. time screen 
•	 To determine the trip time, introduce Butane from a lighter into the membrane for 

5 seconds while simultaneously starting a stopwatch. 
•	  Record the time it takes for butane to get from the membrane to when you first 

see a response on the screen. 
•	 This value is entered into the MIP software on the main screen when starting a 

new log, and recorded in the field log. 
•	 Continue with the response checks by choosing the appropriate compound.  For 

the PID use neat benzene, the ECD use neat trichloroethylene and for the FID use 
the butane from a lighter. 

•	 Introduce the vapor for 5 seconds. 
•	 Record the response that appears on the screen. 
•	 The response should be greater than 1E+6 mV. 

5.2.2 PERFORMANCE TEST 

A performance test is used to evaluate detector response from target compounds 
in aqueous solution. Standard compounds such as Benzene and TCE are also commonly 
used for performance tests, but specific target compounds for a site may be used as well. 
The “trip time”, or the time it takes for a mass to move across the membrane and cause a 
detector response, needs to be measured at the time of a performance check. 

•	 Scroll the MIP software up to view the response vs. time screen 
•	 To determine the trip time, introduce Butane from a lighter into the membrane for 

5 seconds while simultaneously starting a stopwatch. 
•	  Record the time it takes for butane to get from the membrane to when you first 

see a response on the screen. 
•	 This value is entered into the MIP software on the main screen when starting a 

new log, and recorded in the field log. 

Data contained herein is proprietary to COLUMBIA Technologies, LLC (COLUMBIA), and may not be used, disclosed, reproduced,
 
recorded, modified, performed, or displayed, in whole or in part, without the prior written approval of COLUMBIA. This data is
 
provided for review purposes only, with no transfer of License Rights. This data represents Trade Secrets and is non-releasable under
 
the Freedom of Information Act.
 
© 2000-2011 COLUMBIA Technologies, LLC  All Rights Reserved. 




                             

 

 
 
 

                        

 
   

  
  

  
  

 

 
 

 
  

 
 
 
 
  
 
  
  

 
 

  
 

 

 
 
 

 
 

 
  

 
 

  
 

 
 

  
   
 

 

Page 7 
Revision 3.2 

Date 06/01/2011 

•	 Continue with the performance checks by choosing the appropriate compound.  
For the PID use a benzene solution (or other site-specific target compound), the 
halogen detector use a trichloroethylene solution (or other site-specific 
compounds). The FID response is still evaluated using butane from a lighter 
unless some site-specific compound is chosen for testing. 

•	 Prepare Stock Standard of compound(s) of interest (see MIPS Performance Test 
Solution Prep spreadsheet) 

•	 Immerse the probe in a container of clean water (commonly a 2” PVC tube) to 
stabilize the baseline. 

•	 Check the stability of the detector vs time data on the MIP software 
•	 Prepare 500 ml Testing standard from Stock Standards, place in 2” PVC Tube. 
•	 Insert the probe into the test solution of known concentration for 45 seconds 
•	 Return the probe to the tube containing clean water if using. 
•	 Record trip time and response for each detector in field notes 
•	 Compare results to previous measurements 
•	 If the result varies more than 50% for any detector, begin trouble-shooting
 

evaluation.  Note any corrective actions performed in field notes 


5.3 DEPTH MEASURING STRING-POT 

Attach the string-pot to the string-pot bracket, and then to the main anchoring bolt 
of the probe hammer.  The string-pot bottom clamp must then be bolted to the foot of the 
hammer.  Prior to operation, the cotter pin is to be removed from the foot bracket so that 
the counter weight is free to move, and then inserted into the eyebolt on top of the 
counter weight.  When the string or cable connects these two devices, the cable should be 
parallel to the probe and perpendicular to the ground.  It is essential that the string-pot 
cable be connected to the counter weight prior to the activation of the trigger, or the depth 
measurements will not be accurate.  The umbilical should be attached to the string-pot 
before the activation of the trigger as well.   

5.4 MEMBRANE REPLACEMENT 

It is important to note that while completing the following procedure to use great 
care when screwing in the new membrane. Be sure that the threads do not become cross-
threaded.  This would make a complete seal impossible, which will then greatly hinder 
the performance of the MIP system. 

•	 Secure the probe. 
•	 Clean the membrane and surrounding area thoroughly. 
•	 Clean out the 4 holes in the membrane with a dental pick or small flathead 


screwdriver
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•	 Using the membrane wrench, carefully unscrew the membrane while applying 
equal pressure to the top of the membrane. 

•	 Remove the membrane, and use the pick to clean up the interior threads of the 
probe, while blowing out the freed dirt. 

•	 Remove the washer carefully so to not allow any dirt to fall into the chamber. 
•	 Insert a new washer 
•	 Thread the new membrane into position, and tighten with the membrane wrench. 
•	 Using Snoop, check for leaks around the perimeter of the membrane. 
•	 If bubbles appear around the edge, use the wrench to tighten more. 
•	 Continue to tighten, until there is a complete seal. 
•	 There should be a certain amount of gas escaping through the center of the 


membrane as a foam; this is acceptable.
 

5.5 SHUTDOWN PROCEDURES 

•	 Turn off the power supply to the heater. 
•	 Turn off the PID lamp and heater. 
•	 Turn off GC. 
•	 If using FID, close the valve to the tank of hydrogen. 
•	 When the probe temperature has returned to ambient, turn off power to MIP 

controller box. 
•	 Close the valve to the tank of nitrogen. 
•	 Shutdown the computer. 
•	 Shutdown the generator. 

6.0 REFERENCES 

•	 Geoprobe® Membrane Interface Probe SOP, Revision June, 2009 
•	 ASTM D7352-07 
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MIP PERFORMANCE TEST SOLUTION PREP 


50 MG/ML STOCK  --   100, 10, AND 1 MG/L (PPM) SOLUTIONS IN 500 ML DI 


25 ml of  10 ml of  Volume  Volume  Volume 
50 mg/mL 50 mg/mL 0f 50 mg/L 0f 50 mg/L 0f 50 mg/L 

Compound Name Density Stock  Stock  Stock for  Stock for  Stock for 
from neat  from neat  100 mg/L  10 mg/L  1 mg/L 
in 25 ml MEOH in 10 ml MEOH in 500 ml DI in 500 ml DI in 500 ml DI 

(g/L) (uL) (uL) (uL) (uL) (uL) 
Trichloroethylene 1.4642 854 341 1000 100 10 
Methylene Chloride 1.33 940 376 1000 100 10 
1,2 Dichloroethylene 1.27 984 394 1000 100 10 
1,1-Dichloroethylene 1.213 1031 412 1000 100 10 
1,1,2,2-Tetrachloroethane 1.586 788 315 1000 100 10 
Benzene 0.8765 1426 570 1000 100 10 
Toluene 0.87 1437 575 1000 100 10 
Tetrachloroethylene 1.6227 770 308 1000 100 10 
Carbon Tetrachloride 1.594 784 314 1000 100 10 
Chlorobenzene 1.106 1130 452 1000 100 10 
1,1,1-Trichloroethane 1.3376 935 374 1000 100 10 
1,1,2-Trichloroethane 1.442 867 347 1000 100 10 
1,1-Dichloroethene 1.2129 1031 412 1000 100 10 
1,4-Dichlorobenzene 1.241 1007 403 1000 100 10 
MTBE 0.7404 1688 675 1000 100 10 
Hexanes 0.6603 1893 757 1000 100 10 
MEK (2-butanone) 0.81 1543 617 1000 100 10 
Ethylbenzene 0.87 1437 575 1000 100 10 
m-Xylene 0.86 1453 581 1000 100 10 
o-Xylene 0.88 1420 568 1000 100 10 
p-Xylene 0.86 1453 581 1000 100 10 
Methylene Chloride 1.33 940 376 1000 100 10 
Diesel 0.81 1543 617 1000 100 10 
Naphthalene 1.15 1087 435 1000 100 10 
Acetone 0.79 1582 633 1000 100 10 
1,2-Dichloroethane 1.24 1008 403 1000 100 10 
Trichlorfluoromethane 1.374 910 364 1000 100 10 
1,1-Dichloroethane 1.18 1059 424 1000 100 10 
1,2-Dibromoethane 2.1 595 238 1000 100 10 
tert_Butyl Alcohol (TBA) 0.79 1582 633 1000 100 10 
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STANDARD OPERATING PROCEDURES (SOP) 

for 


HYDRAULIC PROFILING TOOL SYSTEM 
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COLUMBIA Technologies, LLC
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STANDARD OPERATING PROCEDURES (SOP) 

for
 

HYDRAULIC PROFILING TOOL SYSTEM
 

Reviewed By: Title Signature Date 

John H. Sohl, III CEO 06/01/2011 

1.0 BACKGROUND 

The Hydraulic Profiling Tool (HPT) uses direct pressure response measurements 
of hydraulic permeability to determine migration pathways, remediation injection 
regions, and placements for monitoring wells. 

The pressure response of the soil to injection of water is measured to indicate the soil 
grain size. Real-time continuous data can be produced in both fine and coarse grained 
material with saturated or unsaturated conditions. 

The system consists of two sensors: 

� A sensitive downhole transducer to record dynamic pore pressure 
� An electrical conductivity sensor providing information on lithology 

While most soil profiling methods infer permeability from parameters like grain size or 
geotechnical properties, the HPT system can measure continuous data on hydraulic 
permeability directly by injecting water into the formation. Additionally, the Hydraulic 
Profiling Tool can conduct static dissipation tests at individual depths. This data is used 
to determine static water level (or head pressure in confined aquifers) and hydraulic 
conductivity. 

1.1 APPLICATIONS 

The Hydraulic Profiling Tool (HPT) allows the user to create fast, continuous, 
real-time profiles of soil hydraulic properties in both fine-and coarse-grained material. 
The HPT uses a sensitive, downhole transducer to measure the pressure response of the 
soil to injection of water.  The higher the pressure response on the data logs, the lower the 
zone of permeability, and inversely, the lower the pressure response on the data logs, the 
higher the zone of permeability. For purposes of locating and defining preferential 
migration pathways for contaminants in the subsurface, targeting zones for injection of 
remediation material, and selecting screen well intervals, evaluating locations to detect 
slug tests, and measuring static water conditions across a site, it is preferred to conduct 
these in higher zones of permeability, so therefore the pressure response on the data logs 
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would correlate with a lower reading. 

2.0 SETUP 

Complete Load List and assemble parts for HPT probe assembly, refer to the 
Geoprobe HPT SOP for parts identification and illustrations.  Place o-ring on the 
MIP-LB Connection Tube (Wiring Cavity). Tape loose ends on the truck end of 
the Trunkline for stringing and then string trunkline through the MIP-LB tube, 
and MIP Drive Head. Do NOT string the strain-relief fitting and parts mentioned 
in the full SOP, those parts will be replaced by the water seal and spacer. String 
the trunkline through the rods to be used, add an extra 10% past the depth stated 
in the SmartScreen summary. Leave 15 to 20 feet of slack at the probe end of the 
Trunkline. Install an HPT screen and copper seal if not already present on the 
probe. Place an o-ring at the bottom of the HPT probe threads if not already 
present and then pull the inner tubing out of the yellow tubing about 3/8 inch.  Cut 
the yellow tubing so that it extends about 2.5 inches from the top of the HPT 
probe threads. Insert the pointed end of the brass barbed quick connect fitting 
into the yellow tubing. This will push the inner tubing back into place inside of 
the HPT probe. Attach the single end of the Y fitting to the blunt end of the brass 
barbed quick connect fitting. Insert the blunt end of the second brass barbed 
quick connect fitting into one of the two holes on the other end of the Y fitting. 
Pack dielectric grease into both ends of the chrome connectors on the trunkline, 
also pack the ends of the connectors on the chrome fittings on the probe and HPT 
sensor. 

Using the wiring cavity as a guide for length, cut a section of yellow tubing (from 
the service kit) to connect the HPT sensor to the Y connector.  Attach the yellow 
tubing to the pointed end of the brass barbed quick connect fitting already placed 
in the Y connector.  Attach the HPT sensor to the other end of this tubing, being 
careful not to break the barb on the HPT sensor.  Connect the chrome connectors 
(packed with dielectric grease).  Trim the nylon tubing in the trunkline to fit into 
the last opening of the Y connector.  Wrap the EC wires around the other 
connections to reduce its length and tape into place and then hold the connections 
in place using several bands of tape rather than completely taping the connections 
to avoid moisture buildup trapped by the tape.  Coat the threads of the HPT probe 
with Teflon pipe dope. Thread the MIP-LB tube into place. Be sure not to twist 
the internal connections.  Use pipe wrenches to close the joint firmly.  Do NOT 
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follow the SOP directions for installing the strain relief fittings.  Place the 
ORANGE water seal in place over the trunkline.  Place the two half spacers into 
the drive head, curved sides away from the water seal.  Then, coat the threads of 
the MIP-LB tube with Teflon pipe dope.  Thread the drive head onto the MIP-LB 
tube, use pipe wrenches to close the joint firmly.  The HPT probe is now ready to 
be connected to the HPT controller. 

3.0 START UP 

•	 Run HPT trunkline (after stringing through the rods to be used) to the back of the 
location where the HPT controller is to be installed. 

•	 Remove electrical tape from the loose wire ends, and attach the wires to the green 
electrical connectors as follows: 

o	 Transducer wires – attached to the port closest to the serial data port (DB­
9 port going to the field computer) connection.  Check the orientation of 
the green plug in the socket before beginning, because it is upside down as 
compared to all other uses of this connector for doing MIP.  Once you 
have the orientation correct the wires are attached in the following order, 
top to bottom of the plug – Brown, Orange, Red.  The bottom connection 
is not used. 

o	 Conductivity wires – attached to the port closest to the Field Instrument 
Interface (round plug going to the field computer) connection.  This green 
plug is in the standard orientation as used for MIP.  The wires are attached 
in the following order, top to bottom of the plug – White, Black, Yellow, 
Blue. 

o	 There are several other wires (grey, violet, green) which are not used.  
These wires can be taped to the trunkline to keep them out of the way. 

•	 Attach the connections to the field computer mentioned above (DB-9 and round 
plugs).  This is the same cable used to connect the Field Computer to the MIP 
controller. 

•	 If not already attached, connect the other ends of this cable to the Field Computer 
in the usual locations. 

•	 If not already attached, connect the stringpot cable to the Field Computer 

•	 If not already attached, connect the power lead to the Field Computer 
•	 Connect the plug from the SC Probe Test Jig to the Test Input socket on the Field 

Computer 
•	 Attach the nylon tubing in the trunkline to the Injection Line socket on the back of 

Data contained herein is proprietary to COLUMBIA Technologies, LLC (COLUMBIA), and may not be used, disclosed, reproduced,
 
recorded, modified, performed, or displayed, in whole or in part, without the prior written approval of COLUMBIA. This data is
 
provided for review purposes only, with no transfer of License Rights. This data represents Trade Secrets and is non-releasable under
 
the Freedom of Information Act.
 
© 2000-2011 COLUMBIA Technologies, LLC  All Rights Reserved. 




                             

 

 
 
 

                        

   
  

  
  

    

 

    
 

   
   

 
 

  
  

 
  
 

 

 
 
     

 
  

  

  
 

 
 

  
  

 
 

 

Page 5 
Revision 1.1 

Date 06/01/2011 

the HPT controller.  To do so, trim the end of the tubing off square, and press the 
tubing into the socket firmly.  Do not crush the tubing in the process by pushing 
too hard. 

•	 Run the Water Supply Line (black plastic tubing with Brass quick-connect fittings 
on both ends) to the back of the HPT controller and attach it to the Water Supply 
Line quick connect fitting.  This line has a male fitting on the end that goes to the 
pump, and a female fitting on the end that goes to the HPT controller. 

•	 Run the other end of the Water Supply Line to the HPT pump quick connect 
fitting. 

•	 Attach a standard garden hose to a water supply tank from which clean water will 
be gravity-fed to the HPT pump.  Try to avoid water sources with particles in 
them, such as alge or sediment. 

•	 Attach the male end of the garden hose to the HPT pump.  A cut-off valve at that 
connection works well to prevent air from getting back into the line when the 
system is disconnected between locations.  If a cut-off valve is in place, open it. 

•	 Attach a power lead to the HPT controller 
•	 Attach a power lead to the HPT pump.  Use the GFI device and extension cord for 

this connection. 
•	 The HPT system is now ready to be tested prior to use. 

3.0 EC SYSTEM TESTING PROCEDURES 

•	 Turn on the Field Computer and HPT Controller.  Start the HPT software on the 
Field Computer.  Both the EC and HPT components must be tested before logging 
is started. 

•	 Secure the Wenner Array Test Jig connector to the test input jack on the back of 
the Field Computer (if not already attached in step 7 of the HPT Controller setup. 

•	 Clean and dry the Wenner array pins as well as several inches of the probe body 
above the pins. 

•	 Strap the probe to the Wenner Array Test Jig using the Velcro straps provided in 
such a way that the 4 pins on the test jig touch the 4 Wenner array pins on the 
probe. The last pin on the Wenner Array Test Jig should be in contact with the 
body of the probe, on the trunkline side of the Wenner array.  A good way to get 
the correct orientation is to be sure that the wire coming off of the Wenner Array 
Test Jig is going in the same direction as the trunkline  on the HPT probe. 

•	 Start the HPT software, and choose “Test Instrument”.  The Field Computer will 

Data contained herein is proprietary to COLUMBIA Technologies, LLC (COLUMBIA), and may not be used, disclosed, reproduced,
 
recorded, modified, performed, or displayed, in whole or in part, without the prior written approval of COLUMBIA. This data is
 
provided for review purposes only, with no transfer of License Rights. This data represents Trade Secrets and is non-releasable under
 
the Freedom of Information Act.
 
© 2000-2011 COLUMBIA Technologies, LLC  All Rights Reserved. 




                             

 

 
 
 

                        

   
  

  
  

    

  
 

  
  

 

 
 

Page 6 
Revision 1.1 

Date 06/01/2011 

conduct a self-test and then check the EC probe for isolation and continuity. 
Once the tests are complete, a list of EC options are available.  Select the 
appropriate EC array based on the probe test results.  (Normally Wenner will be 
chosen. If one or more contacts have failed, top, middle , or bottom dipole 
choices can be made to continue logging without replacing the probe.) 

Data contained herein is proprietary to COLUMBIA Technologies, LLC (COLUMBIA), and may not be used, disclosed, reproduced,
 
recorded, modified, performed, or displayed, in whole or in part, without the prior written approval of COLUMBIA. This data is
 
provided for review purposes only, with no transfer of License Rights. This data represents Trade Secrets and is non-releasable under
 
the Freedom of Information Act.
 
© 2000-2011 COLUMBIA Technologies, LLC  All Rights Reserved. 




�
 

623�/������ 

&2/80%,$�7(&+12/2*,(6�/,)�623� 

�
 



<-1-::> Dakota Technologies, Inc. I Fargo, ND I P: 701-237-4908 F: 701-237-4926 

Standard Parts 
The following figure provides the standard parts for the UVOST. Prior to using the UVOST, these 
parts or satisfactory substitutions should be on hand or readily available when needed. 

UVOST 
j laser 

IDscopel 

box 

printer 

....---~­

' I breakout 
generator; umbilicall

1 

___ -___j 

rods 

fiber 
optics 

Figure 1. Standard l i'VOST parts. 
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General Operating Procedures 

SetUp 
Prior to operation, all the sub-systems require proper connections/cabling and power. Table 2 
summarizes the proper connections/cabling. 

Table 2. Cabling/Connections 

Primary Connections 
[Connection labels in blue] 

Device 1 Device 2 Cable/Fiber 

Power/Generator 
e-deck (front) 
[PWRIN] 

Standard Modular AC Line Plug 

e-deck (front) 
[NET] 

Control PC LAN (standard CAT 5) 

e-deck (front) 
[UMBILICAL] 

Breakout Box 
[no label] 

Umbilical Cable (Amphenol to DB15) 

e-deck (front) 
[PWROUT] 

Control PC 11OV AC Line converter 

Breakout Box 
[DEPTH] 

String Pot 
[no label] 

Depth Cable (DB9 to Amphenol) 

Breakout Box 
[DISLAY] 

Remote Display 
[no label] 

Remote Display Cable (DB9 to DB9) 

UV:OST Fiber I/0 
[LAUNCH FIBER] 

SPOC IFiber Optic Cable (2 SMA to Special Terminator) 

UVOST Fiber I/0 
[RETURN FIBER] 

SPOC Fiber Optic Cable (2 SMA to Special Terminator) 

Secondary Connections 

e-deck (front) 
[GPS] GPS NMEA Output DB9 RS-232 (Serial- usually integral to GPS) 

e-deck (front) 
[AUX COM] 

AD4 Quadrature DB9 RS-232 (Serial) 

e-deck (front) 
[1 2V AUX] 

Generic 12V 
Accessory 

Power Plug 0.1" (Switchcraft 761K) 

Breakout Box 
[AUX] 

NA (future use) DB15 to (yet defined) 

Permanent Connections 

Device 1 Device 2 Cable/Fiber 

UVOST Fiber I/0 
(lower backside) 

Detection Module 
(FIBER RETURN) 

Single Fiber Optic (SMA-SMA) 

UVOST Fiber I/0 
(upper backside) 

Laser Launch Optics 
Single Fiber Optic (High Power SMA-SMA) 
(standard fiber can be used as backup) 

Trigger Photodiode 
Oscilloscope 
[Chl] Coaxial Cable (SMA-BNC) 

Emission Module 
[SIGNAL OUT] 

Oscilloscope 
[Ch2] 

Shielded Coax (PMT-BNC) 
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Trigger Photodiode XeCl Laser (vessel) Single Fiber Optic (SMA-SMA) 

UVOST e-deck (rear) 
[NET SCPl 
UVOST e-deck (rear) 
[12V PMT] 

Oscilloscope 

Detection Module 
[12V IN PMT] 

LAN (CrossOver CAT 5) 

12V supply (SMA-SMA) 

AC Line (external) NA Standard Modular AC Line Plug 

e-deck (rear left-most) 
rPWROUT] 
e-deck (rear) 
[PWROUT] 
e-deck (rear) 
[PWROUT] 
e-deck (rear) 
rcond.l 

Vacuum Pump (switch 
at front ofe-deck) 

XeCl Laser 

Oscilloscope 

Conductivity Module 
rcond. Out] 

Standard Modular AC Line Plug 

Standard Modular AC Line Plug 

Standard Modular AC Line Plug 

12V Signal Cable(?-?) 

Power Up/Down 

To power up the UVOST, simply switch the power on using the power switch on the front of 
W OST's e-deck. All peripheral de1.ices arepowered through the cabling- minimizing tangles and 
trip hazards. The laser takes severai nlli:mes o:wann-up and \\-ait LED will then light. Once 
warmed theuser is notified by the Ready light. Push the On button to activate lasing. Lasing LED 
should light. There should be a small rectangular yellow glow on the yellow glass indicator at front 
oflaunch optics assembly. The oscilloscope should display Trig'd- if laser has sufficient output (not 
in need ofrecharge). 

Set laserrep rate to between 63-65Hz. Ifpowering up from cold conditions (overnight, etc.), make 
sure you have laser running at least 1 0-15 minutes prior to attempting your first RB calibration. We 
recommend running heaters overnight if in sub-freezing conditions to minimize warm-up times in 
the morning. Extremely high or low temperatures negatively affect laser power. Ifused in extreme 
conditions one should attempt to house/store the UVOST system in a warmer/cooler environment to 
assure proper operation. There are no hard/fast rules for this - since case temperatures/heaters can 
assist but a lot depends on winds, ventilation, direct sun, etc. 

To power down the UVOST, first Stop the laser pulsing, then switch off the power burton. 

Boot PC and Check Software Function 

Make sure all drivers are loaded andready. Start the OST system software. Indicators in the software 
will assist in alerting you to problem connections and general status of the components (Hardware 
Tab). See software manual for specifics on OST software. 

Proper System Function 

Once the software is started and functional you can proceed to check the depth encoding and 
associated peripheral functions. Actuating the probe (or hand advancing the string pot) should show 
Current Depth changing on the OST software (Depth tab). The Remote Display should be functional 
and show status. Activate Info tab and make sure your job information is updated for storage with 
each LIF log. 
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SPOCSetup 
A detailed discussion is available under SPOC Assembly heading. Carefully examine mirror and 
·window for ANY trace grease, lint, and moisture. They must be very clean. Assure that all o-rin~ 
seals, and adapters are in correct order- including Teflon tape, and associated hardware. With SPOC 
rip left offof SPOC, dry the air inside the SPOC, and quickly screw inwindow. You can check for 
moisture condensing inside window using an ice cube. Ifthere is condensation you must dry the 
SPOC air better. Slightly tighten the mirror and fiber optic Swagelock seals (just snug). Adjust fiber 
terminator up/down to achieve proper distance from mirror to collimate the laser beam (use white 
paper - you may have to "up" energy for this). 

Place RE in front ofwindow and adjust laser energy (Fiber I/0 block screw) to achieve 
approximately% scale with oscilloscope's CH2 on 50 m V/div. Adjust the mirror (using window 
pick/hook) to image only the sapphire window-not epoxy or SPOC barrel (no clipping- full circle 
image on paper). This occurs approximately 1/3 of the way down from top ofwindow. 

Clean/polish window and then make sure that backgrotmd does not exceed ~2.5mV peak signals. If 
background is high, carefully inspect for imaging ofsides/epoxy or contamination (lint, cotton 
fibers, fuel, moisture, grease, etc.) An tmacceptably high background can make interpretation 
extremely difficult. 

Once you're certain the mirror/fiber/window system is achieving proper results you can tighten the 
Swagelocks securely. Use ONLY the supplied wrenches to hold the SPOC securely during 
tightening. This is most readily assured by laying SPOC down and only handling wrenches. Use the 
~or pick/hook to hold the mirror finnly in place during tightening to prevent rotation. Make sure 
laser beam stays in centered in the window (side to side) and 1/3 down from the top (toward first 
rod). 

With window/mirrod fiber terminator all secured, proceed with attaching drive tip, adapter, e:~:tension 
rod, and tighten extremely well with 2 pipe wrenches or pipe wrench and vice. Teflon tape helps 
reduce loosening from rattling/vibration. 

Background 

Wipe window clean and acquire a Background (blank) waveform with the Acq BckG command. A 
perfect system would yield no waveform at all- only white noise. But there is always trace 
fluorescence from mirror/window, fiber-generated Raman, and contamination. Try to achieve <2m V 
peak signal in any one channel. You simply want it as small as you can get it. A severely 
jagged/noisy background indicates possible pickup of the large laser EMF (Electric and Magnetic 
Fields) into the trigger and signal coax cables. Loose grounds, c01mections, nnsrouting ofcables, etc. 
can induce this. Ifthe first channel (350 nm) is considerably large than the other three, tbere is a 
chance that youhave excessive backscatter oflaser light into the system (350nm filter is near laser 
wavelength) or the laser rejection filter (inside I/0 block) may be damaged or malfunctioning. 
Channels 3 and 4 being high/narrow is a classic lint signarure. A background waveform that looks 
like your current contaminant of interest suggests leakage and contamination of the internal SPOC 
mirror/window OR simply a dirty window. Clean with methanol or solvent ifsoap/water doesn't 
work. 

RE Calibration 

Calibration shouldbe done as immediately preceding each UVOST logging event. Don' t calibrate 
with RE, then spend timemonkeying around with push rig, etc. Wait until the direct push rig is 
ready to go. Pre-push with dummy tip ifobstructions are likely or getting a "straight hole going" is 
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difficult. Place RE holder on window (making sure window is very clean). Immediately ac~~ E 
with Acq RE command. Extended exposure to laser light can form excimers andphotode~d ,- .:=-­
causing a morph in waveform shape/intensity. Ifyou have changed fiber optic lengths the so:..\..-~c­
may correct the delay time to achieve proper position in window. Make sure theRE signal le\·e~ 
exceeds a 10,000 pVs minimum but does not exceed 20,000 pVs with 14,000-15,000 pVs abou;: 
optimum. Try to be consistent(± 1000 pVs)- especially when on the same project/site. Make su:-e 
theRE waveform shape "looks right" . Compare it to the reference waveform displayed on the scope 
during the RE acquisition. Extremely noisy/jagged REs, misshapen REs, andmissing/low channel 
contributions indicate damaged or loose fiber optics/filters/detector. 

Logging 

Follow these steps to acquire a UVOST log: 

Step 1. With properRE and background acquired, pertinent log information recorded, and 
probe in position (window just below (- 1 mch) ground surface), activate the Record 
command. 

Step 2. Ifyou failed to acquire a recent RE the OST software will alert you that it's not recent 
(at 1east one log event old). Proceed with you recent (perhaps you just aborted a "false 
starr'/crooked log) -or cancel out and acquire theRE you forgot to acquire. You can "rescue" 
an RE ifit's for a rational purpose (such as an accidentally aborted log and you want to 
continue logging and probe is under ground, under water during a barge project, etc.) DO 
NOT purposefully continue logging without a new RE for each and every log ifyou're having 
problems acquiring a new RE due to a problem. FIX the problem, acquire a good RE, then 
proceed. Failure to acquire a new RE for each log will generate inaccurate data. 

Step 3. Choose a directory and name for your log. UVOST auto-suggests the name sequentially 
in an attempt to reduce typing. In order to absolutely avoid accidental overwrite ofany OST 
file, the OST software creates a unique time/date name and uses that name in place of 
overwrites (even though you said "OK" to the overwrite. Ifyouwant to risk it, you can 
always delete a file from the Save File dialog after you click on it once, but before hitting OK. 
That prevents the Windows software from reporting an overwrite to the OST and cueing the 
unique filename routine. The safest method is to choose OK to overwrite - and rename files 
later. 

Step 4. Once the name is chosen you are asked to choose whether or not to "zero" the depth. 
For normal logs you always choose Yes and zero out depth. Ifyou're continuing an aborted 
log that you want to continue (accidental termination) - choose No. Log should continue at 
depth where you left off. 

Step 5. As the log progresses, it is your responsibility to make sure the system is operating 
properly. Observe the oscilloscope or OST display to watch for unusual events such as: 

A. 	Try to keep theprobe advancing at approximately 0. 75 inch/sec-your company may choose 
less- but we do not recommend faster 

B. 	 Strange background drifts several feet under (possible fogging), etc. 

C. 	Broken depth cable orpoor connection will result in jumps in depth or a loss ofdepth 

increase- even though the operator is advancing the probe 


D. 	Incorrect depths would indicate a possible rod length or string pot cal factor mismatch 

E. 	 Sudden loss ofwaveform (flatline) indicates possible fiber optic break due to broken probe 

F. 	 depth is advancing- but no new wavefonu updates aren't showing up - this indicates poor 
triggering- is Trig'd showing up on oscilloscope every second or so? ifnot- hit Trigger 

6 




Dakota Technologies, Inc. I Fargo, ND I P: 701-237-4908 F: 701-237-4926 

50% button on scope or look for other cause such as Stop button on laser being accidentally 
pushed. 

Step 6. Once refusal is reached - or target depth is reached - activate the End command. All 
pertinent data is stored and the oscilloscope scale is automatically returned to the default 
50mV/div scale in preparation for next RE. 

Step 7. Inspect the probe, window, etc. for leaks, breaks, and loose parts in preparation for next 
the next logging event (push). 

Printing/Exporting UF Logs 
Once the push is complete the log can be viewed (a log can be also opened from file and viewed 
with the OST software) it is necessary to print the log to paper or export it to an electronic image 
(JPG file). Prior to print/export it is most often desirable to select callout waveforms. Select single 
waveforms by clicking the log at any depth - which creates a stats bar. Transfer single logs by 
dragging/dropping the stats bar or with the <bar next to each callout box. Select the average of a 
region ofwaveforms along a log by clicking the log, holding down, then releasing at a second depth 
along the log. Transfer average zone waveforms by dragging/dropping the bottom stats bar or with 
the< barnext to e.ach callout box. Reasons to select certain depths/regions include: 

• 	 Bracketing what appear to be continually affected zones - this helps the client/consultant 
"summarize" the general NAPL zones and easily jot down depths for future validation sampling, 
project design, discussion with site owner, etc. 

• 	 rt•s best to bracket large zones ofhomogenous NAPL - do not span different products 

• 	 Highlighting unusual signatures- perhaps to suggest sampling there or to "flag" things the client 
needs to investigate or discount 

• 	 Maybe a background here/there to remind viewer what "clean" looks like 

• 	 Any potential "false positives" such as mineral/plant/urban background/highly degraded NAPL­
the different waveform should help client understand that ''it's nothing to worry about'' 

• 	 Use caution when highlighting single waveforms from the rising edge ofNAPL hits - the 
waveforms in these area are usually saturated because the oscilloscope scaling wasn't able to 
fully respond- they are morphed and ugly and cause unnecessary confusion and alarm 

• 	 You do not have to start with top and work down -pick a callout "straight across" for neater 
appearance 

• 	 Avoid "crossing'' of the depths ofmultiple callouts as this looks messy/confusing 

It is best that the UVOST operator and the c)ient discuss depth/RE scales, depths ofinterest, etc. 
ahead of time to hopefully avoid lots of"reprints". 

It is suggested that you annotate the callouts (text box under each waveform) in order to guide the 
client. Ifit's the usual product you expect then leave it blank- but ifit>s unusual, significant, or our 
of the ordinary, guide the viewer with a briefdescription. 

Each tin1e you print/export the settings are saved in a lif.plt (plot) file. That way the same callouts 
and depths are available later. The OST software (and we) suggest that the very first print/export a 
log in the filed you save it as field. That way you always know what the client received originally. 
Subsequent print schemes are saved as well. Later, upon opening, you can choose which ofthe 
various schemes to open the file with. 
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� 6RLO�6DPSOLQJ�8VLQJ�'LUHFW�3XVK�'ULOOLQJ� 
'DWH��������������5HYLVLRQ�1R����� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� �� 

� 62,/�6$03/,1*�86,1*�',5(&7�386+�'5,//,1*�� 
� 
� 
385326(� 
� 
7KLV�6WDQGDUG�2SHUDWLQJ�3URFHGXUH��623��6RLO�6DPSOLQJ�8VLQJ�'LUHFW�3XVK�'ULOOLQJ�SURYLGHV�WKH� 
IUDPH�ZRUN�IRU�FROOHFWLQJ�FRQWLQXRXV�FRUH�VDPSOHV�RI�XQFRQVROLGDWHG�PDWHULDOV�XVLQJ�D�*HRSUREH� 
ULJ�DQG�GLUHFW�SXVK�WHFKQRORJ\�LQ�RYHUEXUGHQ�ERULQJV�DW�WKH�7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH�LQ� 
7UR\��1HZ�+DPSVKLUH�� �*HQHUDOO\�LQ�WKLV�SURFHGXUH��DQ�DVVHPEOHG�0DFUR�&RUH�6RLO�6DPSOHU�LV� 
GULYHQ�LQWR�WKH�VXEVXUIDFH�DQG�UHWULHYHG�XVLQJ�D�*HRSUREH�GLUHFW�SXVK�PDFKLQH��� 
� 
,I�DQ�REVWUXFWLRQ�LV�PHW�VXFK�DV�D�ERXOGHU�RU�EXULHG�GHEULV��WKH�GULOOHU�PD\�EH�UHTXLUHG�WR�DWWHPSW� 
WR� SHQHWUDWH� WKH� REVWUXFWLRQ� E\� FRQWLQXLQJ� WR� DWWHPSW� WR� DGYDQFH� WKH� VDPSOHU�� � ,I� DWWHPSWV� WR� 
SHQHWUDWH�REVWUXFWLRQ�DUH�XQVXFFHVVIXO��WKH�ERULQJ�ZLOO�EH�DEDQGRQHG�DQG�UHGULOOHG�DSSUR[LPDWHO\� 
��WR����IHHW�DZD\�SURYLGHG�DSSURSULDWH�XWLOLW\�FOHDUDQFH�H[LVWV�DQG�DXWKRUL]DWLRQ�LV�SURYLGHG�E\� 
WKH�*=$�SURMHFW�PDQDJHU�� � ,I� UHIXVDO� LV�HQFRXQWHUHG� LQ� WKH�UHDWWHPSWHG�ERULQJ��QRWLI\�WKH�*=$� 
SURMHFW�PDQDJHU�WR�GHWHUPLQH�WKH�DSSURSULDWH�QH[W�VWHSV���� 

� 
$Q\�PRGLILFDWLRQV�WR�WKLV�623�VKDOO�EH�DSSURYHG�LQ�DGYDQFH�E\�WKH�1HZ�+DPSVKLUH�'HSDUWPHQW� 
RI�(QYLURQPHQWDO�6HUYLFHV��1+'(6��3URMHFW�0DQDJHU�DQG�4$�&RRUGLQDWRU��LQ�FRQVXOWDWLRQ�ZLWK� 
WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��� 
� 
(48,30(17�$1'�0$7(5,$/6� 
� 
7KH�GULOOHU� VKDOO�EH�FDSDEOH�RI�SURYLGLQJ�D�*HRSUREH�GLUHFW�SXVK� ULJ��FDSDEOH�RI�GULOOLQJ� WR� WKH� 
GHVLUHG�GHSWKV�DQG�KDYH�PDFUR�FRUHV�����LQFKHV�RU����LQFKHV��IRU�VRLO�VDPSOH�FROOHFWLRQ������ 
� 
)RU� GULOOLQJ� RYHUVLJKW� DQG� VRLO� VDPSOH� FROOHFWLRQ� DFWLYLWLHV�� HTXLSPHQW� DQG� PDWHULDOV� WR� EH� 
SURYLGHG�E\�WKH�*=$�ILHOG�HQJLQHHU�JHRORJLVW�PD\�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR�WKH�IROORZLQJ�� 
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3HUVRQDO�SURWHFWLYH�HTXLSPHQW�� 

)LHOG�QRWHERRN�DQG�FOLSERDUG��ERULQJ�ORJ�IRUPV��DQ\�VSHFLDO�WHVW�GRFXPHQWDWLRQ�IRUPV�� 

&OHDQ�ER[�FXWWHU�RU�RWKHU�NQLIH�WR�FXW�SODVWLF�PDFUR�FRUH�VDPSOHU�� 

5XOHU���PHDVXULQJ�WDSH�WR�GHWHUPLQH�UHFRYHU\�� 

6WDLQOHVV�ERZO�V����VSRRQV�V���� 
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3ODVWLF�VKHHWLQJ�� 
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6DPSOH�FRQWDLQHUV�LQFOXGLQJ�VSDUH�FRQWDLQHUV��SUHVHUYHG�DV�QHFHVVDU\��DQG� 

'HFRQWDPLQDWLRQ�HTXLSPHQW�DQG�VXSSOLHV�� 
� 
352&('85(6� 
� 
5HIHU�WR�WKH�DWWDFKHG�$670�'�������DWWDFKHG��DQG�WKH�*HR6HDUFK��,QF��JHRSUREH�VRLO�VDPSOLQJ� 
GHVFULSWLRQ�VKHHW�IRU�LQIRUPDWLRQDO�SXUSRVHV���7KH�IROORZLQJ�VXPPDUL]HV�WKH�EDVLF�VRLO�VDPSOLQJ� 
SURFHGXUH�VDPSOLQJ��� 
� 
��	 %HIRUH�DQG�DIWHU�HDFK�XVH��WKRURXJKO\�GHFRQWDPLQDWH�DOO�SDUWV�RI�WKH�VRLO�VDPSOLQJ�V\VWHP� 

DFFRUGLQJ� WR� WKH� 'HFRQWDPLQDWLRQ� 623� LQ� WKH� 6$3�� � 3DUWV� VKRXOG� EH� LQVSHFWHG� E\� WKH� 
GULOOHU�IRU�ZHDU�RU�GDPDJH�DW�WKLV�WLPH���� 

��	 7KH�ERULQJ�LV�DGYDQFHG�E\�GLUHFW�SXVK�LQWR�WKH�VRLO�WR�GHVLUHG�GHSWK�LQ�HLWKHU����LQFKHV�RU� 
���LQFK�LQWHUYDOV�� �2QFH�WKH�VDPSOLQJ�EHJLQV��FRQVHFXWLYH�VRLO�FRUHV�DUH�UHPRYHG�DV�WKH� 
RXWHU�FDVLQJ�LV�DGYDQFHG�WR�JUHDWHU�GHSWKV���'XULQJ�VDPSOLQJ��D�FOHDQ�QHZ�7HIORQ�PDFUR� 
FRUH�OLQHU�LV�XVHG�IRU�HDFK�VRLO�FRUH�� 

��	 2QFH� WKH� GULOOHU� SURYLGHV� *=$� ILHOG� SHUVRQQHO� ZLWK� WKH� VDPSOH� OLQHU� GHWHUPLQH� WKH� 
DSSURSULDWH� VDPSOH� LQWHUYDO�DV� LQGLFDWHG�E\� WKH�PD[LPXP�/,)�VLJQDO� UHVSRQVH�REVHUYHG� 
DQG� FRQILUP� E\� ILHOG� VFUHHQLQJ� WKH� VDPSOH� FRUH� ZLWK� D� 3,'� LQ� DFFRUGDQFH� ZLWK� )LHOG� 
0RQLWRULQJ�3KRWRLRQL]DWLRQ�'HWHFWRU�623�LQ�WKH�6$3�� 

7R�PLQLPL]H�WKH�ORVV�RI�92&V�GXULQJ�ILHOG�VFUHHQLQJ�RI�WKH�FRUH��3,'�VRLO�UHDGLQJV�ZLOO� 
EH�WDNHQ�WKURXJK�VPDOO�KROHV�FXW�LQWR�WKH�PDFUR�FRUH�XVLQJ�D�FOHDQ�NQLIH�WR�DOORZ�WKH�3,'� 
SUREH�HQG�WR�EH�LQVHUWHG�LQWR�WKH�VOHHYH���(QVXUH�QR�VRLO�LV�HQWUDLQHG�LQ�WKH�3,'�SUREH�WLS� 
ZKHQ�FRQGXFWLQJ�ILHOG�VFUHHQLQJ��� 

��	 $OO� VRLO� VDPSOLQJ� ZLOO� EH� WDNHQ� IURP� WKH� VHFWLRQ� RI� WKH� VOHHYH� ZKLFK� FRQWDLQV� /1$3/� 
LPSDFWHG�VRLO�DFFRUGLQJ�WR�WKH�/,)�VFDQQLQJ�DQG�FRQILUPHG�E\�WKH�3,'�VFUHHQLQJ���,Q�WKH� 
HYHQW�QR�92&V�DUH�GHWHFWHG�E\� WKH�3,'�VFUHHQLQJ�� LW� LV�SRVVLEOH� WKDW� WKH�*HRSUREH�VRLO� 
VDPSOLQJ� GHYLFH� GLG� QRW� FDSWXUH� WKH� VRLO� RI� LQWHUHVW� DQG� LW� PD\� EH� QHFHVVDU\� WR� WU\� UH� 
VDPSOLQJ�DQ�DGMDFHQW�ORFDWLRQ��GLVFXVV�ZLWK�*=$�SURMHFW�PDQDJHU������ 

7KH�92&�VRLO�VDPSOH�ZLOO�EH�WDNHQ�DW�WKH�ORFDWLRQ�RI�WKH�KLJKHVW�3,'�UHDGLQJ�IURP�ZLWKLQ� 
WKH�PDFUR�FRUH���7R�FROOHFW�WKH�92&�VRLO�VDPSOH��WKH�7HIORQ�PDFUR�FRUH�ZLOO�EH�FXW�XVLQJ� 
D�FOHDQ�NQLIH�EHJLQQLQJ�DW�WKH�RSSRVLWH�HQG�RI�WKH�FRUH�FDWFKHU���7KH�GHVLJQDWHG�LQWHUYDO� 
IRU�92&�VRLO�VDPSOH�FROOHFWLRQ�ZLOO� WKHQ�EH�VDPSOHG�TXLFNO\�ULJKW�IURP�WKH�PDFUR�FRUH� 
�XVLQJ� WKH� PHWKDQRO� SUHVHUYHG� 9RODWLOH� 2UJDQLF� $QDO\VLV� �92$�� YLDOV� DQG� GLVSRVDEOH� 
V\ULQJH����� 
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1RWH�WKDW�92&�VDPSOH�FROOHFWLRQ�ZLOO�EH�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�1+'(6�623� 
³3UHVHUYDWLRQ� RI� 92&V� LQ� 6RLO� 6DPSOHV´� LQFOXGHG� LQ� WKH� FXUUHQW� 1+'(6� +D]DUGRXV� 
:DVWH� 5HPHGLDWLRQ� %XUHDX� 0DVWHU� 4XDOLW\� $VVXUDQFH� 3URMHFW� 3ODQ� �+:5%� 0DVWHU� 
4$33����8VLQJ�WKH�GLVSRVDEOH�V\ULQJH��WKH�SURSHU�YROXPH�RI�VRLO�LV�DGGHG�WR�WKH�FRQWDLQHU� 
XQWLO� WKH� YROXPH� LQ� WKH� 92$� YLDO� UHDFKHV� WKH� SUH�PDUNHG� OLQH� HVWDEOLVKHG� E\� WKH� 
ODERUDWRU\���$�VHSDUDWH�GU\�ZHLJKW�VDPSOH�ZLOO�EH�QHFHVVDU\�±�ILOO�WKH�GLVSRVDEOH�V\ULQJH� 
ZLWK�VRLO��WUDQVIHU�WKH�VRLO�LQWR�DQ�XQSUHVHUYHG�92$�YLDO��ODEHO�WKH�YLDO�DQG�SODFH�LW�LQ�WKH� 
SODVWLF�EDJ�ZLWK�WKH�92&�VDPSOH�YLDO�� 

7UDQVIHU� VRLO� IURP� WKH� PDFUR�FRUH� WR� D� SUH�GHFRQWDPLQDWHG� VWDLQOHVV� VWHHO� PL[LQJ�ERZO�� 
$VVXPLQJ�VXIILFLHQW�VRLO� LV�DYDLODEOH�WR�ILOO� WKH�UHPDLQLQJ�VDPSOH�FRQWDLQHUV��WKRURXJKO\� 
PL[� VRLO� WR� REWDLQ� D� KRPRJHQHRXV� VDPSOH�� DQG� WKHQ� WUDQVIHU� WR� WKH� DSSURSULDWH� VDPSOH� 
FRQWDLQHUV�XVLQJ�D�SUH�GHFRQWDPLQDWHG�VWHHO�VSRRQ���� 

7KH� VRLO� VDPSOH� FRQWDLQHU� IRU� WKH� 692&V� �EDVH� QHXWUDOV��� FDUERQDWH� DONDOLQLW\�� VSHFLILF� 
FRQGXFWDQFH��253�DQG�&2'�LV�WR�EH�ILOOHG�DIWHU�WKH�92&�FRQWDLQHU���7KH�PHWDOV�DQG�73+� 
VDPSOH�FRQWDLQHU�LV�WR�EH�ILOOHG�ODVW���� 

,Q� WKH� HYHQW� WKDW� LQVXIILFLHQW� /1$3/� LPSDFWHG� VRLO� IURP� WKH� GHVLJQDWHG� LQWHUYDO� LV� 
DYDLODEOH�WR�ILOO�DOO�WKUHH�VRLO�VDPSOH�FRQWDLQHUV��WKH�RUGHU�RI�VDPSOLQJ�LV�VWLOO�WKH�VDPH�DV� 
GLVFXVVHG�DERYH���'RFXPHQW�LQ�\RXU�ILHOG�QRWHV�WKH�VRLO�UHFRYHU\�RI�HDFK�FRUH�DQG�ZKLFK� 
VDPSOHV� ZHUH� DFWXDOO\� FROOHFWHG�� DQG� ZKLFK� VDPSOHV� FRXOG� QRW� EH� FROOHFWHG� GXH� WR� 
LQVXIILFLHQW�VRLO�UHFRYHU\����� 

�� $IWHU�FROOHFWLRQ�RI�WKH�VDPSOHV��SODFH�VDPSOHV�LQ�UH�VHDODEOH�SODVWLF�EDJV�DQG�WKHQ�LQ�ORRVH� 
LFH�ZLWKLQ�WKH�FRROHU�� 

�� ,I� D� ILHOG� GXSOLFDWH� VDPSOH� LV� UHTXLUHG�� ILOO� D� VHSDUDWH� FRQWDLQHU� IRU� HDFK� DQDO\VLV� 
LPPHGLDWHO\� IROORZLQJ� WKH� DFWXDO� ILHOG� VDPSOH� FROOHFWLRQ� DQG� LW� VKRXOG� EH� LQ� WKH� VDPH� 
SULRULW\�RUGHU�DV� LQGLFDWHG�DERYH�� �1RWH�WKDW� WKH�92&�VDPSOH�VKDOO�EH�FROOHFWHG�GLUHFWO\� 
IURP�WKH�PDFUR�FRUH��SULRU�WR�VDPSOH�PL[LQJ���'XSOLFDWH�VDPSOHV�DUH�QRW�LQWHQGHG�WR�EH� 
EOLQG� GXSOLFDWH� VDPSOHV�� � 7KH\� VKRXOG� EH� GHVLJQDWHG� ZLWK� D� ³'83´� DIWHU� WKH� VDPSOH� 
GHVLJQDWLRQ� �L�H��� 75<B62�$������� '83�� DV� LQGLFDWHG� LQ� WKH� 6$3�� � 5HIHU� WR�  7DEOH� �� 
LQFOXGHG�LQ�WKH�6$3�IRU�VSHFLILF�TXDOLW\�FRQWURO��4&��VDPSOLQJ�UHTXLUHPHQWV�� 

�� ,I� DQ� HTXLSPHQW� EODQN� LV� UHTXLUHG� IRU� VRLO� VDPSOLQJ� HTXLSPHQW�� IROORZLQJ� VDPSOH� 
FROOHFWLRQ�DQG�DIWHU�HTXLSPHQW�GHFRQWDPLQDWLRQ��JHQWO\�SRXU� GH�LRQL]HG��',��ZDWHU�RYHU� 
WKH� FXWWLQJ� VKRH� DQG� RWKHU� GULOOLQJ� DSSDUDWXV� LI� XVHG� �L�H�� FRUH� FDWFKHU��� VWDLQOHVV� VWHHO� 
ERZO��DQG�PL[LQJ�VSRRQ�XVHG�WR�FROOHFW�WKH�VRLO�VDPSOHV���&ROOHFW�WKH�ULQVDWH�WKDW�IORZV�RII� 
WKH�HTXLSPHQW� LQWR�WKH�DSSURSULDWH�VDPSOH�FRQWDLQHUV���5HIHU�WR�7DEOH��� LQFOXGHG�LQ�WKH� 
6$3�IRU�VSHFLILF�4&�VDPSOLQJ�UHTXLUHPHQWV�� 

�� 6RLOV� ZLOO� EH� ORJJHG� DQG� FODVVLILHG� IROORZLQJ� FROOHFWLRQ� RI� 92&� VRLO� VDPSOHV� LQ� 
DFFRUGDQFH�ZLWK�WKH�%XUPLVWHU�&ODVVLILFDWLRQ�6\VWHP�623�DQG�WKH�*XLGH�IRU�'HVFULSWLRQ� 
RI�6RLOV�623�LQ�WKH�6$3���5HIHU�WR�WKH�DWWDFKHG�IRUP�IRU�DQ�H[DPSOH�ERULQJ�ORJ�ILHOG�IRUP�� 
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5(&25'6�$1'�'2&80(17$7,21� 
� 
$OO�GDWD�DQG�VDPSOLQJ�LQIRUPDWLRQ�ZLOO�EH�UHFRUGHG�DV�VSHFLILHG�LQ�WKH�6$3�� 
� 
5HIHU� WR� WKH� %XUPLVWHU� &ODVVLILFDWLRQ� 6\VWHP� 623� LQ� WKH� 6$3� UHODWLYH� WR� GRFXPHQWLQJ� DQG� 
UHFRUGLQJ�VRLO�FODVVLILFDWLRQV�� 
� 
5HIHU�WR�WKH�&KDLQ�RI�&XVWRG\��6DPSOH�3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�623�LQ�WKH�6$3�IRU� 
GRFXPHQWDWLRQ�UHTXLUHPHQWV�DQG�WKH�6DPSOLQJ�(TXLSPHQW�'HFRQWDPLQDWLRQ�3URFHGXUHV�623�IRU� 
GHFRQWDPLQDWLRQ�UHTXLUHPHQWV�� 
� 
63(&,$/�127(6� 
� 
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STANDARD OPERATING PROCEDURE 


Technical Bulletin No. MK3139 
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A. 


B. 

- ~ 
A. Assembled MCS Sampler with 1.25-inch light-weight center rod is driven the first interval. 

B. 	 A 2.25-in. probe rod and 1.25-inch light-weight center rod are added and the tool string is 
advanced to the desired sampling interval. 

C. 	 Once the sampling interval is reached, the 1.25-inch light-weight center rod string is removed. 

D. A 2.25-in. probe rod is added to the tool string. 

E. 	 The tool string is advanced and a soil core is collected in the liner. The tool string is retracted 

to retrieve the soil core. 

OPERATION OF THE MACRO-CORE® MCS SOIL SAMPLING SYSTEM 
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1.0 OBJECTIVE 


The objective of this procedure is to collect a representative soil sample at depth and recover it for visual inspection 

and/or chemical analysis. 

2.0 BACKGROUND 

2.1 Definitions 

Geoprobe®*: A brand name of high quality, hydraulically-powered machines that utilize both static force and 
percussion to advance sampling and logging tools into the subsurface. The Geoprobe® brand name refers to 
both machines and tools manufactured by Geoprobe Systems®, Salina, Kansas. Geoprobe® tools are used to 
perform soil core and soil gas sampling, groundwater sampling and testing, soil conductivity and contaminant 
logging, grouting, and materials injection. 

*Geoprobe® and Geoprobe Systems® are registered trademarks ofKejr, Inc., Salina, Kansas. 

Macro-Core® MCS Soil Sampler**: A solid barrel, direct push device for collecting continuous core samples 
of unconsolidated materials at depth. Although other lengths are available, the standard Macro-Core® MC5 
Sample Tubes come in lengths of 48 inches and 60 inches with an outside diameter of 2.25 inches. Samples 
are collected inside a removable liner. The Macro-Core® MCS Sampler may be used in an open-tube or dosed­
point configuration. 

**Macro-Core® is a registered trademarks ofKejr, Inc., Salina, Kansas. 

Liner: A removable/replaceable, thin-walled tube inserted inside the Macro-Core® MC5 sample tube for the 
purpose of containing and storing soil samples. While other lengths are available, the most common Macro­
Core® MC5 Liners are 48 inches and 60 inches in length. The liner length should correspond to the length of 
the sample tube used. Liner materials include stainless steel, Teflon®, and PVC. 

1.25-inch Light-Weight Center Rods: Used as the inner Rod String for Macro-Core® MCS sampling. 1.25-inch 
Light-Weight Center rods come in lengths of 48 inches and 60 inches. They provide a weight reduction of up 
to 64% over standard 1.25-inch probe rods. 

2.2 Discussion 

In this procedure, an assembled Macro-Core® MCS Soil Sampler is driven one sampling interval into the 
subsurface and retrieved using a Geoprobe® direct push machine. The collected soil core is removed from 
the sampler along with the used liner. After decon, the Macro-Core® sampler is reassembled using a new liner. 
The clean sampler is then advanced back down the same hole to collect the next soil core. The Macro-Core® 
Sampler may be used as an open-tube or closed-point sampler. 

The Macro-Core® MCS Soil Sampler is commonly used as an open-tube sampler (Fig.2.1 A). In this configuration, 
coring starts at the ground surface with a sampler that is open at the leading end. The sampler is driven into 
the subsurface and then pulled from the ground to retrieve the first soil core. In stable soils, an open-tube 
sampler is advanced back down the same hold to collect the next core. 

In unstable soils which tend to collapse into the core hold, the Macro-Core® MC5 Sampler can be equipped 
with a 1.25-inch Center Rod Closed-Point assembly (Fig 2.1 B). The point fits firmly into the cutting shoe and 
is held in place by the 1.25-inch light-weight center rods. The Macro-Core® MCS Center Rod System prevents 
collapsed soil from entering the sampler as it is advanced to the bottom of an existing hole, thus ensuring 
collection of a representative sample. Once the 1.25-inch light weight center rod system is removed, the point 
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will be pushed up the liner during the next sampling interval. The point assembly is later retrieved from the 
sampler with the liner and soil core. 

The Macro-Core® MC5 Soil Sampler is a true discrete sampler. It can be driven through undisturbed soil to a 
desired depth using the 1.25-inch Light Weight Center Rod System. Once the 1.25-inch light-weight center 
rods are removed, a representative sample is recovered from the desired depth. 

Loose soils may fall from the bottom of the sampler as it is retrieved from depth. The MC Core Catcher (Fig. 3.1) 
alleviates this problem. Excellent results are obtained when the core catcher is used with saturated sands and 
other non-cohesive soils. A core catcher should not be used with tight soils as it may actually inhibit sample 
recovery. In that case, a MC Spacer Ring or extended shank cutting shoe can be used. Constructed of PVC, the 
core catcher is suitable for use with all Geoprobe® liners. 
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3.0 TOOLS AND EQUIPMENT 


The following tools and equipment can be used to recover representative soil cores with the MCS Soil Sampling 
System. Sample tubes, 1.25-inch light-weight center rods, probe rods, and liners all need to be of equal length in 
orderto obtain a sample. Refer to Figure 3.1 for identification of the specified parts. Additional tooling options are 
available in Appendix A. 

MCS Sampler Parts Part Number 
MC5 Drive Head, 2.25 in. bored ........................................................................................... 28646 

MC5 Drive Head, 2.125 in. bored ........................................................................................ 23640 

MC5 Sample Tubes, 60 in ....................................................................................................... 22992 

MC5 Sample Tubes, 48 in ....................................................................................................... 22923 

MC5 Sample Tubes, 1 m ................................................. .. ...................................................... 24239 

MC5 Sample Tubes, 36 in....................................................................................................... 24238 

MC5 Sample Tubes, 24 in............................................................................. .......................... 24237 

MC5 Cutting Shoe, standard, 2.25 in. OD ......................................................................... 22922 

MC5 Cutting Shoe, undersized, 1.35 in.ID....................................................................... 23957 

MC5 Cutting Shoe, standard, 2.25 in. OD (extended shank) ..................................... 23978 

MC5 Cutting Shoe, undersized, 1.35 in.ID (extended shank) ................................... 28237 

MC5 Cutting Shoe, undersized, 1.25 in.ID (extended shank) ................................... 26078 

MC5 Cutting Shoe, Heavy Duty, 1.35 in.ID, .................................................................... 29552 

MC5 Closed Piston Point, standard .................................................................................... 28113 

MC5 Closed Piston Point, undersized ............................................................................... 26865 


Center Rods 11.25 in.) and Center Rod Accessories Part Number 
1.25-in. Center Rod, 60 in. Lightweight............................................................................. 27600 

1.25-in. Center Rod, 48 in. Lightweight............................................................................. 21900 

Probe Rod, 1.25 in. x 1 m .......................................................................................................AT1239 

Probe Rod, 1.25 in.x 36 in..................................................................................................... AT1236 

Probe Rod, 1.25 in.x 24 in..................................................................................................... AT1224 

MC5 Drive Cap, 1.25 in. Center Rod, Threadless ............................................................. 23639 

MC5 Plug Threaded, 1.25 in .................................................................................................. 23641 

1.25 in. Pull Cap ........................................................................................................................AT1204 


Part Numbers for Specific Probe Rod 00 
Probe Rods and Probe Rod Accessories 2.25-in. 00 2.125-in. 00 
ProbeRod,60in........................................................................................................................ 25301 ..................... AT2160 

Probe Rod,48 in ........................................................................................................................ 25300 ..................... AT2148 

Probe Rod, 1 m ..........................................................................................................................25352 ..................... AT2139 

Probe Rod,2.125 in.x 36 in ......................................................................................................................................AT2136 

Probe Rod, 2.125 in. x 24 in....................................................................................................................................... 13072 

Drive Cap, GH60 Series, Threadless .................................................................................... 31530 ........................8397 

Drive Cap, GH40 Series, Threadless .................................................................................... 31405 

Drive Cap, GH40 Series, Threaded .........................................................................................................................AT21 01 

Pull Cap ........................................................................................................................................25298 ..................... AT2104 


MCS Liners. Accessories. and Miscellaneous Tools Part Number 
MC Liners, 50 in.(661iners).................................................................................................... 10074 

MC Liners,48 in.(661iners) ................................................................................................... AT927K 

MC Liners, 1m. (66liners) ......................................................................................................AT928K 

MC Liners, 36 in. (66liners)...................................................................................................AT921 K 

MC Liners,24 in. (66 liners) ..... ..............................................................................................AT926K 

MC Core Catcher .....................................................................................................................AT8531 

MC Spacer Ring .......................................................................................................................AT8532 

MC Spacer Ring (Bulk Box of 500) ....................................................................................AT8533K 

Vinyl End Caps (Package of66) ..........................................................................................AT726K 

Liner Cutter ...............................................................................................................................AT801 0 

Universal Liner Holder............................................................................................................ 22734 

Rod Wiper Weldment ............................................................................................................. 23633 

Rod Wiper Doughnuts, 2.125-in and 2.25-in .................................................................. 26876 

Two Pipe Wrenches 
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MC5 Drive Cap, 1.25-in. 
Center Rod, Threadless 
(23639) 

Light-Weight 

Center Rods, 1.25-in. 

60-in. (27600) 

48-in.(21900) 


Probe Rods, 1 .25-in. 

1 m . (AT1239) 

36-in. (AT1236) 

24-in. (AT1224) 


.I MC5 Plug Threaded, 
1.25-in. (23641) 

I 

~ 

~ 


Q 


Q 


Drive Cap, GH40 
Threadless, 2.25-in. 
(31405) 

Drive Cap, GH60 
Threaded, 2.125-in. 1 

Drive Cap, GH40 
Threadless, 2.25-in. 

(AT2101) (31530) 

MC5 Drive Head 	 MC Spacer Ring w2.25-in. (28646) 	 (AT8532) 

2.1 25-in. (23640) 

MC Core Catcher MC5 Closed Piston Point, 

(AT8531) Undersized ~ 

(26865) 

MC5 Closed Piston Point, Q MC5 Cutting Shoe, 

Standard Standard, Extended 'Shank, 

(281 13) 1.5-in.ID 
(23978) 

MC5 Cutting Shoe, 	 MC5 Cutting Shoe, 
Standard, 1.5-in.ID 	 undersized, Extended ShaQ(22922) 	 1.35-in. ID 

(28237) 

MC5 Cutting Shoe, MC5 Cutting Shoe, 
Heavy Duty, 1.35-in.ID Undersized, Extended 
(29552) Shank, 1 .25-in.ID 0 

(26078) 

MC5 Sample Tube 
60-in. (22992) 
48-in. (22923) 
1 m .(24239) 
36-in. (24238) 
24-in. (24237) 

Figure 3.1 

Macro-Core® MCS Soil Sampler Parts 


Universal Liner Holder 
(22734) 

MC Liners 
60-in. (1 0074) 

48-in. (AT927K) 
1 m. (AT928K) 

36-in. (AT921 K) 
24-in. (AT926K) 

Standard Operating Procedure 6 	 MCS Soil Sampling System 

http:1.35-in.ID
http:1.35-in.ID
http:1.5-in.ID
http:1.5-in.ID


3.1 Tool Options 

Five major components of the MC5 Soil Sampling System are sample tubes, probe rods, 1.25-inch light-weight 
center rods, sample liners, and cutting shoes. These items are manufactured in a variety of sizes to fit the 
specific needs of the operator. This section identifies the specific tool options available for use with the MC5 
Soil Sampling System. 

Sample Tubes 
MC5 Sample tubes come in lengths of 60 inches (1524 mm),48 inches (1219 mm), 1 meter, 36 inches (914 mm), 
and 24 inches (610 mm). 

Probe Rods 
Standard Geoprobe® 2.125-inch and 2.25-inch OD probe rods are required to operate the MC5 Soil Sampling 
System. The specific length of rods may be selected by the operator. The most common rod lengths used in 
MC5 Soil Sampling are the 60-inch and 48-inch rods. 

1.25-inch Light-Weight Center Rods 
1.25-inch Light-Weight Center Rods (1.25-inch I 32-mm OD) are recommended for the inner rod string of the 
MC5 system when utilizing an outer casing of 48- or 60-inch long rods. Choose the light-weight rod length 
that matches the length of rods used for the outer casing (48-inch light-weight rods with 48-inch outer casing, 
etc.). Currently, standard Geoprobe® 1.25-inch probe rods must be used with 24-inch, 36-inch, and 1-meter 
MC5 Sample Tubes. 

A weight reduction of up to 64o/o is provided by the 1.25-inch Light-Weight Center Rods over standard 1.25­
inch probe rods. As a result, considerably less energy is expended when retrieving the 1.25-inch Light-Weight 
Center Rods from within the outer casing during operation of the MC5 System. 

Sample Liners 
Sample liners are made of heavy-duty clear plastic for convenient inspection ofthe soil sample. Nominal lengths 
of 24 inches, 36 inches, 1 meter, 48 inches, and 60 inches are available. Choose the liner length corresponding 
to the length of the sample tube used (e.g. 60-inch liners with 60-inch sample tubes). 

Cutting Shoes 
Six cutting shoes are available for use with the MC5 Soil Sampling System (Fig.3.2). The extended shank cutting 
shoes (23978, 28237, and 26078) fit inside the sample liner and help soil pass freely into the liner. The other 
three cutting shoes (22922,23957,29552) require an MC Core Catcher (AT8531) or MC Spacer Ring (AT8532) in 
order to properly connect to the sample liners. 

The most prominently used cutting shoes are the two "standard" cutting shoes (22922 and 23978). These 
cutting shoes collect a 1.5-inch (38-mm) diameter soil core. 

Undersized cuttings shoes (23957, 28237, and 29552) collect a smaller 1.35-inch (34-mm) soil core and are used 
in formations with plastic clays or other soil types that lead to overfilling of the sampler liner. Of these, the 
29552 and 28237 cutting shoes are also thicker at the leading end for increased durability in harsh conditions 
where cobbles or large gravel are present. 

Soil formations with highly plastic clays may call for an even smaller soil core. In these conditions, a 26078 
cutting shoe with its 1.25-inch (32-mm) soil core is most effective. 
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MCS Cutting Shoe, Standard 
(22922) 

I 

MCS Cutting Shoe, Heavy Duty, 
(29552) 

1.35 in. 2.25 in. 
(34 m) (57 mm) 

I J I 

MCS Cutting Shoe,Undersized MCS Cutting Shoe, Undersized, Extended Shank 
(23957) (28237) 

1.35 in. 2.25 in. 
(34 mm) (57 mm) 

MCS Cutting Shoe, Standard, Extended Shank MCS Cutting Shoe, Undersized, Extended Shank 
(23978) 

1.5 in. 

(26078) 

1 
2.25 in. 

(38 mm){57 mm) 

Figure 3.2 
Cutting Shoe Options for Macro-Core® MCS Soil Sampler 

4.0 OPERATION 

All parts shown in illustrations are those most commonly used configuration for the MCS Sampling System. Refer to 
Section 3.0 for part numbers and additional tooling options. 

4.1 Decontamination 

Before and after each use, thoroughly clean all parts of the soil sampling system according to project 
requirements. Parts should be inspected for wear or damage at this time. During sampling, a clean new liner 
is used for each soil core. 

Cleaning inside the probe rods and MCS sample tubes is accomplished with the nylon brushes and extension 
rods listed in Appendix A. Thread a nylon brush and handle onto an extension rod ofsuitable length. Using clean 
water and phosphate-free soap, cycle the brush inside the probe rod or sample tube to remove contaminants. 
Rinse with clean water and allow to air dry. 

4.2 Field Blank 

It is suggested that a field blank be taken on a representative sample liner prior to starting a project and at 
regular intervals during extended projects. Liners can become contaminated in storage. A field blank will prove 
that the liners do not carry contaminates which can be transferred to soil samples. The following information 
is offered as an example method which may be used to take a field blank. Make the appropriate modifications 
for the specific analytes of interest to the investigation. 

Example Procedure Required Equipment 

MC Liner ....................................... (1) Distilled Water ......................................................................(1 00 ml) 

MC Vinyl End Caps ................. (2) VOA Vial (or other appropriate sample container) ........................... (1) 
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1. Place a vinyl end cap on one end of the liner. 

2. Pour 100 milliliters of distilled water (or other suitable extracting fluid) into the liner. 

3. Place a vinyl end cap on the open end of the liner. 

4. From the vertical position, repeatedly invert the liner so that the distilled water contacts the entire inner 
surface. Repeat this step for one minute. 

5. 	Remove one end cap from the liner, empty contents into an appropriate sample container, and cap the 
container. 

6. 	Perform analysis on the extract water for the analytes of interest to the investigation. 

4.3 Open-Tube Sampler Assembly 

1 a. 	Using the MC Core Catcher 

Place the open end of an MC Core Catcher over the threaded end of 

an MC5 Cutting Shoe (22992,23957,29552) as shown in Figure 4.2. 

Apply pressure to the core catcher until it snaps into the machined 

groove on the cutting shoe. The core catcher should be used in 

loose soils, especially saturated sands (non-cohesive soils). Use of 

the core catcher is not necessary in tough, cohesive soils or tight 

clays, and may interfere with sampling especially in soft clays. The 

ufingers" of the core catcher flex outward to let soil move into the 

liner while sampling. 


1 b. 	Using the MC Spacer Ring 

Figure 4.1. The .~pacer ring fits securelyonto the 
MCS Cutting Shoe. 

~ _ MCCoreCotch" ~ {AT8531) 

' J~~~l- MC5 Cutting Shoe 
{22992, 23957, 29552) 

Figure4.2 
Core Catcher Attachment 

~- MC Spacer Ring 

' {AT8532) 

_ MC5 Cutting Shoe 
{22992, 23957, 29552) 

I I 

MC Spacer Ring 
- Attached to 

MC5 Cutting Shoe 

I I 

\'------Jj 

Figure4.3 
Spacer Ring Attachment 

D-MCUo" 

' 
\'-----__,/ 

MC5 Cutting Shoe, 
Extended Shank 
{23978, 28237, 26078) 

J~~~t MC Liner Attached - to MC Cutting Shoe 
{Extended Shank) 

\'-----------'/ 

Figure4.4 
Liner Attachment on 

Extended Shank 
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Push the base of an MC Spacer Ring onto the threaded end of an MC5 Cutting Shoe (22992,23957,29552) 
until it snaps into the machined groove on the cutting shoe (Fig. 4.1 and Fig. 4.3). Spacer rings should be 
used when sampling cohesive soils. It allows soil to pass freely over the junction between the liner and 
cutting shoe. 

1c. 	Using the Extended Shank Cutting Shoe 
The cutting shoes with extended shanks (23978, 28237, 26078) do not use core catchers or spacer rings. 
MC5 Liners should securely slide onto the end of these cutting shoes (Fig.4.4). The extended shank cutting 
shoes should only be used when sampling cohesive soils. When sampling loose soils, especially saturated 
sands (non-cohesive soils), a cutting shoe with an MC Core Catcher is recommended. 

2. 	 Place either end of the liner onto the spacer ring or core catcher (Fig. 4.6). If you are using a cutting shoe 
with an extended shank, do not use a spacer ring or core catcher (Fig.4.7). The liner should fit securely onto 
the spacer ring, core catcher, or cutting shoe. 

3. Slide whole assembly into either end ofthe sample tube (Fig.4.8). Thread the cutting shoe onto the sample 
tube (Fig. 4.9). If the thread is clean, it should easily thread on by hand. In some cases, a wrench may be 
necessary for tightening. There shouldn't be a gap between the cutting shoe and sample tube. 

4. 	Thread an MC5 Drive Head into the top of the sample tube (Fig. 4.1 0). Securely tighten the drive head by 
hand. Ensure that the end of the sample tube contacts the machined shoulder of the drive head. 

Sampler Assembly is Complete 

MCS Drive Head 

< 

~MCS C"ttlog Sh~ ' 

> 

*Refer to section 3.0 for part numbers. 
Parts shown are those most commonly 

{Shown with Core Catcher) 	 used for the MCS Soil Sampling System. 

Figure4.5 

MCS Open-Tube Sampler Assembly 
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Figure 4.6. Place either end of the liner onto the spacer ring 
or core catcher. The liner should fit securely. 

Figure 4.8. Slide whole assembly into either end of the 
sample tube. 

Figure 4.7. Place either end of the liner onto the extended 
shank cutting shoe. (This is used in place of a spacer ring or 
core catcher) 

Figure 4.9. Thread the cutting shoe onto the sample tube. 

Figure 4.10. Thread the MCS Drive Head onto the opposite 
end of the sample tube. Tighten by hand. 
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4.4 MCS Closed-Point Sampler Assembly 

The Macro-Core® 1 .25-inch Light-Weight Center Rod Sampling System seals the leading end of the sampler with 
a point (Fig. 4.1 1) assembly that is held in place with a 1.25-inch light weight center rod. Once advanced to the 
top of the sampling interval, the 1.25-inch Light-Weight Center Rods are removed from the probe rod string. 

1. 	 Install an 0-ring in the machined groove on the piston rod point (Fig.4.12). 

2. 	 Push the MC5 Closed Piston Point (28113 or 26865) completely 
into the cutting shoe as shown in Figure 4.12. Note that the 
standard point (281 13) is used with 1 .5-inch (38-mm) ID cutting 
shoes and the undersized point (26865) is for cutting shoes with 
a 1.35-inch (34-mm) ID. 

3a. Using the MC Core Catcher 
Place the open end ofan MC Core Catcher over the threaded end 
ofan MC5 Cutting Shoe (22992,23957,29552) as shown in Figure 
4.13. Apply pressure to the core catcher until it snaps into the 

machined groove on the cutting shoe. The core catcher should 

be used in loose soils, especially saturated sands (non-cohesive 

soils). Use of the core catcher is not necessary in tough, cohesive 

soils or tight clays, and may interfere with sampling especially 

in soft clays. The"fingers" of the core catcher flex outward to let 

soil move into the liner while sampling. 


lb. Using the MC Spacer Ring 
Push the base of an MC Spacer Ring onto the threaded end of an MC5 Cutting Shoe (22992, 23957, 29552) 
until it snaps into the machined groove on the cutting shoe (Fig.4.14). Spacer rings should be used when 
sampling cohesive soils. It allows soil to pass freely over the junction between the liner and cutting shoe. 

3c. Using the Extended Shank Cutting Shoe 
The cutting shoes with extended shanks (23978,28237) do not use core catchers or spacer rings. MC5 Liners 
should securely slide onto the end of these cutting shoes (Fig. 4.1 5). The extended shank cutting shoes 
shoud only be used when sampling cohesive soils. When sampling loose soils, especially saturated sands 
(non-cohesive soils), a cutting shoe with an MC Core Catcher is recommended. 

Figure 4.11. The MCS Closed Piston Point slides 
into the cutting shoe. 

0-Ring 

-[]J 
Piston Polnr 

(28113, 26865) MC5 Cutting Shoe} Piston Point Correctly 
(22992, 23957, 29552, Installed in Cutting Shoe 

23978, 2823 7) 

Figure 4.12 

Installation of MCS Closed Piston Point Assembly in MCS Cutting Shoe 
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~- MC Core Catcher 

' (AT8531) 

_ MC5 Cutting Shoe 
(22992, 23957, 29552) 

Figure4.13 
Core Catcher Attachment 

With Point Assembly 

f'TTTT1_MC Spacer Ring 

' (AT8532) 

_ MC5 Cutting Shoe 
(22992, 23957, 29552) 

Figure4.14 
Spacer Ring Attachment 

With Point Assembly 

D -MCLio"
' 

Figure4.15 
Liner Attachment on Extended 

Shank With Point Assembly 

Refer to Figure 4.16 for MCS Closed-Point Sampler Assembly 

4. 	 Place either end ofthe liner onto the spacer ring or core catcher (Fig. 4.18). If you are using a cutting shoe 
with an extended shank, do not use a spacer ring or core catcher (Fig.4.19). The liner should fit securely onto 
the spacer ring, core catcher, or cutting shoe. 

5. 	 Slide whole assembly into either end of the sample tube (Fig.4.20). Thread the cutting shoe onto the sample 
tube (Fig. 4.21 ). If the thread is clean, it should easily thread on by hand. In some cases, a wrench may be 
necessary for tightening. There shouldn't be a gap between the cutting shoe and sample tube. 

6. 	 Thread an MCS Drive Head into the top ofthe sample tube. Securely tighten the drive head by hand. Ensure 
that the end of the sample tube contacts the machined shoulder of the drive head (Refer to Figure 4.1 0). 

continued on page 14 
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MC5 Drive Head 

1.25-inch Light-Weight Center Rod 
or Probe Rod with MC5 Plug 

MC5 Cutting Shoe and MC Liner 
*Refer to section 3.0 for part numbers. 

MC5 Closed Piston Point Parts shown are those most commonly 
(Shown with Core Catcher) used for the MC5 Soil Sampling System. 

Figure4.16 
MCS Closed-Point Sampler Assembly 

7. 	 Thread an MC5 Plug (23641) onto 1.25-inch light-weight center rod (Fig.4.22). Note that light-weight center 
rods are only available in 48-inch and 60-inch lengths. Utilize 1.25-inch probe rods if other lengths are 
required. 

8. 	 Insert the light-weight center rod and MC5 Plug into sample tube assembly (Fig.4.23), sending the plug end 
in first. Allow it to come in contact with the top of the Piston Point (Fig. 4.17). 

Sampler Assembly is Complete 

J 	 ~L--~MCSEtt------L.IPI"g 
1.25-inch Light-Weigh Center Rod } "'I 

MC5 Closed Piston Point _j 
in MC5 Cutting Shoe 

Figure 4.17 
MCS Closed-Point Center Rod Assembly 
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Figure 4.18. Place either end of the liner onto the spacer ring 
or core catcher. The liner should fit securely. 

Figure 4.20. Slide whole assembly into either end of the 
sample tube. 

Figure 4.19. Place either end of the liner onto the extended 
shank cutting shoe. (This is used in place of a spacer ring or 
core catcher) 

Figure 4.21. Thread the cutting shoe and point onto the 
sample tube. 

Figure 4.22. The MCS Plug is threaded onto the end of the Figure 4.23. The MCS Plug and a 1.25-inch light-weight center 
1.25-inch light-weight center rod. rod are inserted into the sample tube. 
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4.7 Open-Tube Sampling 

The MCS Open-Tube Sampler is used to gather continuous soil cores beginning from ground surface. A 
representative soil sample is obtained by driving the assembled sampler one sampling interval into the subsurface 
through undisturbed soil. Upon retrieving the sampler, the liner and soil core are removed. The sampler is then 
properly decontaminated, reassembled with a new liner, and inserted back down the same hole to collect the 
next soil core. 

Instructions for operating the MCS Open-Tube Sampler are given in this section. 

1. 	 Place a drive cap onto the drive head (Fig. 4.24) of an assembled Open-Tube Sampler (Refer to Section 4.3 
for sampler assembly). 

2. 	 Raise the probe unit hammer assembly to its highest position by fully extending the probe cylinder. 

3. 	 Position the MCS Sampler directly under the hammer with the cutting shoe centered between the toes of 
the probe foot. The sampler should now be parallel to the probe derrick. Step back from the unit and visually 
check sampler alignment (Fig. 4.25). 

4. 	 Apply static weight and hammer percussion to advance the sampler until the drive head reaches the ground 
surface. (Fig.4.27 A) 

NOTE: Activate hammer percussion whenever collecting soil. Percussion helps shear the soil at the 
leading end of the sampler so that it moves into the sample tube for increased recovery. 

5. 	 Raise the hammer assembly a few inches to provide access to the top of the sampler. 

6. 	 Remove the drive cap and thread a pull cap onto the sampler drive head (Fig.4.26). 

7. 	 Lower the hammer assembly and hook the hammer latch over the pull cap. Raise the hammer assembly 
to pull the sampler completely out of the ground. If a winch is available, it can be used with a pull plate to 
retract the tool string. A Rod Grip Pull Handle can also be used to retract the tool string. 

8. 	 Proceed to Section 4.9 for instructions on recovering the soil core from the MCS Sampler. 

To sample consecutive soil cores, advance a clean sampler down the previously opened hole (Fig. 4.278) to the 
top of the next sampling interval (Fig. 4.27(). Drive the tool string the length of the sampler to collect the next 
soil core (Fig.4.27D). Switch to an MCS Center Rod Sampler if excessive side slough is encountered. 

NOTE: Use caution when advancing or retrieving the sampler within an open hole. Low side friction may 
allow the sampler and probe rods to drop down the hole when released. To prevent equipment loss, hold 
onto the tool string with a pipe wrench when needed. 
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Figure 4.24. Place drive cap onto sampler Figure 4.25. The sampler should be parallel to Figure 4.26. The pull cap is one way to remove 
drive head. the probe derrick for driving. the sampler from the ground. 

C. Open-tube sampler driven back down previous hole. 

D. Sampler driven to proper depth for sampling second interval. 

A. Sampler driven to proper depth. 

B. Open hole from previous sample. 

Figure4.27 

Phases of MCS Open-Tube Soil Sampling 
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4.8 Closed-Point Sampling with the MCS Center Rod System 

Material collapsing from the probe hole sidewall can make it difficult to collect representative soil cores from 
significant depths with an open-tube sampler. To overcome this problem, the MCS Sampler can be equipped 
with a center rod assembly that will hold the piston point in place. This allows the sealed sampler to pass through 
the slough material and then it can be opened at the appropriate sampling interval. 

Instructions for operating the MCS Closed-Point Sampler are given in this section. 

1. 	 Place a drive cap onto the center rod and a drive cap onto the drive head of an assembled Closed-Point 
Sampler (Refer to Section 4.4 for sampler assembly). 

2. 	 Raise the probe unit hammer assembly to its highest position by fully extending the probe cylinder. 

3. 	 Position the MCS Sampler directly under the hammer with the cutting shoe centered between the toes of 
the probe foot. The sampler should now be parallel to the probe derrick. Step back from the unit and visually 
check sampler alignment (Fig.4.25). 

4. 	 Apply static weight and hammer percussion to advance the sampler until the drive head reaches the ground 
surface (Fig. 4.28A). 

5. 	 Add additional probe rods and 1.25-inch light-weight center rods to the tool string until the desired sampling 
interval is reached (Fig.4.28B). 

6. 	 Once the sampling interval is reached, remove the center rod string (Fig.4.28C). 

7. 	 Add an additional probe rod to the string and place a drive cap on the probe rod (Fig.4.28D). 

8. 	 Advance the tool string to collect the soil core in the liner (Fig.4.28E). 

NOTE: Activate hammer percussion whenever collecting soil. Percussion helps shear the soil at the 
leading end of the sampler so that it moves into the sample tube for increased recovery. 

9. 	 Lower the hammer assembly and hook the hammer latch over the pull cap. Raise the hammer assembly to 
pull the first probe rod out of the ground. Remove the rod and place the pull cap on the next rod of the tool 
string. Continue pulling probe rods until the MCS Sampler is brought to the ground surface. If a winch is 
available, it can be used with a pull plate to retract the tool string. An RG Handle is another option to retract 
the tool string. 

NOTE: Use caution when advancing or retrieving the sampler within an open hole. Low side friction 
may allow the sampler and probe rods to drop down the hole when released. To prevent equipment 
loss, hold onto the tool string with a pipe wrench when needed. 

10. Proceed to Section 4.9 for instructions on recovering the soil core from the MCS Sampler. 
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B. D. 

- ~ 

A. Assembled MCS Sampler with 1.25-inch light-weight center rod is driven the first interval. 

B. A 2.25-in. probe rod and 1.25-inch light-weight center rod are added and the tool string is 
advanced to the desired sampling interval. 

C. Once the sampling interval is reached, the 1.25-inch light-weight center rod string is removed. 

D. A 2.25-in. probe rod is added to the tool string. 

E. The tool string is advanced and a soil core is collected in the liner. The tool string is retracted to 

retrieve the soil core. 

Figure4.28 

Phases of MCS Closed-Point Center Rod System 
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4.9 Soil Core Recovery 

The soil sample is easily removed from the MCS Sampler by unthreading the cutting shoe and pulling out the liner 
(Fig.4.29). A few sharp taps on the cutting shoe with a pipe wrench will often loosen the threads sufficiently to 
allow removal by hand. If needed, the exterior ofthe cutting shoe features wrench flats for attaching a wrench to 
loosen tight threads. With the cutting shoe removed, simply pull the liner and soil core from the sample tube (Fig. 
4.31 ). A Hydraulic Liner Extruder is also available for mounting on your machine to remove liners (Fig. 4.30). 

If the closed-point sampler is used, the piston point is now retrieved from the end of the liner (Fig.4.32). Secure 
the soil sampler by placing a vinyl end cap on each end of the liner. 

Undisturbed soil samples can be obtained from liners by splitting the liner. The MC Liner (AT801 0) is used to 
make longitudinal cuts along the liner (Fig.4.33). 

Figure 4.29. Remove the MCS Cutting Shoe and liner from the MCS Figure 4.30. The Hydraulic Liner Extruder helps remove the liner. 
Sampler Tube. 

Figure 4.31. MCS Liner filled with soil core. 	 Figure 4.32. MCS Closed Piston Point is retrieved from the top of 
the liner. 

Figure 4.33. MC Liner Cutter makes two longitudinal cuts in PVC 
Liners. 
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4.1 0 Tips to Maximize Sampling Productivity 

The following suggestions are based on the collective experiences of Geoprobe® operators: 

1. 	 Organize your truck or van. Assign storage areas to all tools and equipment for easy location. Transport 
sample tubes, probe rods, 1.25-inch light-weight center rods, and liners in racks. Above all, minimize the 
number of items lying loose in the back of your vehicle. 

2. 	 Take three or four samplers to the field. This allows the collection of several samples before stopping to 
clean and decontaminate the equipment. A system is sometimes used where one individual operates the 
probe while another marks the soil cores and decontaminates the used samplers. 

3. 	 A machine vise is recommended. With the sampler held in a vise, the operator has both hands free to remove 
the cutting shoe, drive head, and sample liner. Cleanup is also easier with both hands free. Geoprobe® offers 
an optional machine vise (FA300). 

4. 	 Organize your worksite. Practice with the sampler to identify a comfortable setup and then use the layout 
whenever sampling. A collapsible table or stand is handy to hold decontaminated sampler tubes and liners. 
Equipment may also be protected from contamination by placing it on a sheet of plastic on the ground. 

Instead of counting probe rods for each trip in-and-out of the probe hole, identify separate locations for 
"new"rods and "used" rods. Collect the first sample from the open hole using "new"rods. As each probe rod 
is removed during sampler retrieval, place it in the "used" rod location. Now advance a clean sampler back 
down the same hole using all of the rods from the"used"location. Add one"new" rod to the string and then 
drive the tools to collect the next soil core. Once again, remove each probe rod and place it in the "used" 
rod location as the sampler is retrieved. Repeat this cycle using all the "used" rods to reach the bottom of 
the probe hole, and one "new" rod to fill the sampler. 

"New" (Undriven) 
Probe Rods 

"Used" Probe Rods Removed 
From Tool String As Full Sampler 

is Retrieved -Then Reused to 
Advance Next Sampler. ~ 

1.25-in. light­

.------------. ~ 

ii~~~J 
 Filled and Capped Liners 

J'-(Piilced on Plastic) 

Machine Vise on Stand ~ 
Cleaning Water 

weight center rods 
(Placed on Plastic) 

Clean Sample Tubes 

Box of New Liners 

Figure4.36 
Equipment Layout Example to Maximize Sampling Productivity 
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5. 	 Cleanup is very important from the standpoint of operation as well as decontamination. Remove all dirt and 
grit from the threads of the drive head, cutting shoe, and sample tube with a nylon brush (BU700). Without 
sufficient cleaning, the cutting shoe and drive head will not thread completely onto the sample tube and 
probe rods. The threads may be damaged if the sampler is driven in this condition. 

Ensure that all soil is removed from inside the sample tube. Sand particles are especially troublesome as 
they can bind liners in the sampler. Full liners are difficult to remove under such conditions. In extreme 
cases, the soil sample must be removed from the liner before it can be freed from the sample tube. 

5.0 REFERENCES 

Geoprobe Systems®, 2003. Tools Catalog, V. 6. 

APPENDIX A 

ALTERNATIVE PARTS 


Geoprobe® Tools and Equipment 	 Part Number 
Drive Cap, GH40 Series, Threaded, 2.25 in...... .. ............ .... .. ............................... .. ..............25362 

Drive Cap, GH60 Series, Threaded, 2.25 in............ ..... ................................. ......... ..............25363 

Drive Cap, GH60 Series, Threaded, 2.125 in . ..................................................................... 15673 

Nylon Brush, Macro-Core® Tool ........................................................................................... BU700 

Nylon Brush, 2.25-in. and 2.125-in. probe rods ............................................................. BU2125 

Extension Rod Handle................................................... ................................................. ..........AT69 

Extension Rod (60-in.) ............................................................................................................. 1 0073 

Extension Rod (48-in.) ............................................ ..................... ............................................ AT671 

Extension Rod (36-in.) ............... ........................................................................ ....... ........ ........ AT67 
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Equipment and tool specifications, including weights, dimensions, 
materials. and operating specifications Included In this brochure are 

subject to change without notice. Where specifications are critical to your 
application, please consult Geoprobe Systems•. 
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Designation: D 6282 – 98 (Reapproved 2005) 

Standard Guide for 
Direct Push Soil Sampling for Environmental Site 
Characterizations1 

This standard is issued under the fixed designation D 6282; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. Scope 

1.1 This guide addresses direct push soil samplers, which 
also may be driven into the ground from the surface or through 
prebored holes. The samplers can be continuous or discrete 
interval units. Samplers are advanced by a combination of 
static push, or impacts from hammers, or vibratory methods, or 
a combination thereof, to the depth of interest. The guide does 
not cover open chambered samplers operated by hand such as 
augers, agricultural samplers operated at shallow depths, or 
side wall samplers. This guide does not address single sam­
pling events in the immediate base of the drill hole using rotary 
drilling equipment with incremental drill hole excavation. 
Other sampling standards, such as Test Methods D 1586 and 
D 1587 and Practice D 3550 apply to rotary drilling activities. 
This guide does not address advancement of sampler barrel 
systems with methods that employ cuttings removal as the 
sampler is advanced. Other drilling and sampling methods may 
apply for samples needed for engineering and construction 
applications. 

1.2 Guidance on preservation and transport of samples, as 
given in Guide D 4220, may or may not apply. Samples for 
chemical analysis often must be subsampled and preserved for 
chemical analysis using special techniques. Practice D 3694 
provides information on some of the special techniques re­
quired. Additional information on environmental sample pres­
ervation and transportation is available in other references (1, 
2).2 Samples for classification may be preserved using proce­
dures similar to Class A. In most cases, a direct push sample is 
considered as Class B in Practice D 4220 but is protected, 
representative, and suitable for chemical analysis. The samples 
taken with this practice do not usually produce Class C and D 
(with exception of thin wall samples of standard size) samples 
for testing for engineering properties, such as shear strength 
and compressibility. Guide D 4700 has some information on 
mechanical soil sampling devices similar to direct push tech­

1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock 
and is the direct responsibility of Subcommittee D18.21 on Ground Water and 
Vadose Zone Investigation. 

Current edition approved Jan. 1, 2005. Published February 2005. Originally 
approved in 1998. Last previous edition approved in 1998 as D 6282–98. 

2 The boldface numbers in parentheses refer to the list of references at the end of 
this standard. 

niques, however, it does not address most direct push sampling 
methods. If sampling is for chemical evaluation in the Vadose 
Zone, consult Guide D 4700 for any special considerations. 

1.3 Field methods described in this guide, include the use of 
discreet and continuous sampling tools, split and solid barrel 
samplers and thin walled tubes with or without fixed piston 
style apparatus. 

1.4 Insertion methods described include static push, impact, 
percussion, other vibratory/sonic driving, and combinations of 
these methods using direct push equipment adapted to drilling 
rigs, cone penetrometer units, and specially designed 
percussion/direct push combination machines. Hammers pro­
viding the force for insertion include drop style, hydraulically 
activated, air activated and mechanical lift devices. 

1.5 Direct push soil sampling is limited to soils and uncon­
solidated materials that can be penetrated with the available 
equipment. The ability to penetrate strata is based on hammer 
energy, carrying vehicle weight, compactness of soil, and 
consistency of soil. Penetration may be limited or damage to 
samplers and conveying devices can occur in certain subsur­
face conditions, some of which are discussed in 5.5. Successful 
sample recovery also may be limited by the ability to retrieve 
tools from the borehole. Sufficient retract force must be 
available when attempting difficult or deep investigations. 

1.6 This guide does not address the installation of any 
temporary or permanent soil, ground water, vapor monitoring, 
or remediation devices. 

1.7 The practicing of direct push techniques may be con­
trolled by local regulations governing subsurface penetration. 
Certification, or licensing requirements, or both, may need to 
be considered in establishing criteria for field activities. 

1.8 The values stated in SI units are to be regarded as 
standard: however, dimensions used in the drilling industry are 
given in inch-pound units by convention. Inch-pound units are 
used where necessary in this guide. 

1.9 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro­
priate safety and health practices and determine the applica­
bility of regulatory limitations prior to use. 

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. 
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1.10 This guide offers an organized collection of informa­
tion or a series of options and does not recommend a specific 
course of action. This document cannot replace education or 
experience and should be used in conjunction with professional 
judgment. Not all aspects of this guide may be applicable in all 
circumstances. This ASTM standard is not intended to repre­
sent or replace the standard of care by which the adequacy of 
a given professional service must be judged, nor should this 
document be applied without consideration of a projects’s 
many unique aspects. The word “Standard” in the title of this 
document means only that the document has been approved 
through the ASTM consensus process. 

2. Referenced Documents 

2.1 ASTM Standards: 3 

D 653 Terminology Relating to Soil, Rock and Contained 
Fluids 

D 1586 Test Method for Penetration Test and Split-Barrel 
Sampling of Soils 

D 1587 Practice for Thin-Wall Tube Sampling of Soils 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Method) 
D 3550 Practice for Ring-Lined Barrel Sampling of Soils 
D 3694 Practices for Preparation of Sample Containers and 

for Preservation of Organic Constituents 
D 4220 Practices for Preserving and Transporting Soil 

Samples 
D 4700 Guide for Soil Sampling from the Vadose Zone 
D 5088 Practice for Decontamination of Field Equipment 

Used at Nonradioactive Waste Sites 
D 5092 Practice for Design and Installation of Ground 

Water Monitoring Wells in Acquifers 
D 5299 Guide for Decommisioning of Ground Water Wells, 

Vadose Zone Monitoring Devices, Boreholes, and Other 
Devices for Environmental Activities 

D 5434	 Guide for Field Logging of Subsurface Explora­
tions of Soil and Rock 

D 6001 Guide for Direct-Push Water Sampling for Geoen­
vironmental Investigations 

3. Terminology 

3.1 Definitions—General definitions for terminology used 
in this guide are in accordance with Terminology D 653. 
Definitions for terms related to direct push water sampling for 
geoenvironmental investigations are in accordance with Guide 
D 6001. 

3.1.1 assembly length, n—length of sampler body and riser 
pipes. 

3.1.2 borehole, n—a hole of circular cross-section made in 
soil or rock. 

3.1.3 casing, n—pipe furnished in sections with either 
threaded connections or bevelled edges to be field-welded, 
which is installed temporarily or permanently to counteract 

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page on 
the ASTM website. 

caving, to advance the borehole, or to isolate the interval being 
monitored, or combination thereof. 

3.1.4 caving/sloughing, n—the inflow of unconsolidated 
material into an unsupported borehole that occurs when the 
borehole walls lose their cohesive strength. 

3.1.5 decontamination, n—the process of removing unde­
sirable physical or chemical constituents, or both, from equip­
ment to reduce the potential for cross-contamination. 

3.1.6 direct push sampling, n—sampling devices that are 
advanced into the soil to be sampled without drilling or 
borehole excavation. 

3.1.7 extension rod, n—hollow steel rod, threaded, in vari­
ous lengths, used to advance and remove samplers and other 
devices during direct pushing boring. Also known as drive rod. 
In some applications, small diameter solid extension rods are 
used through hollow drive rods to activate closed samples at 
depth. 

3.1.8 incremental drilling and sampling, n—insertion 
method where rotary drilling and sampling events are alter­
nated for incremental sampling. Incremental drilling often is 
needed to penetrate harder or deeper formations. 

3.1.9 percussion driving, n—insertion method where rapid 
hammer impacts are performed to advance the sampling 
device. The percussion normally is accompanied with the 
application of a static down-force. 

3.1.10 push depth, n—the depth below a ground surface 
datum to which the lower end, or tip, of the direct-push 
sampling device is inserted. 

3.1.11 sample interval, n—defined zone within a subsurface 
strata from which a sample is gathered. 

3.1.12 sample recovery, n—the length of material recovered 
divided by the length of sampler advancement and stated as a 
percentage. 

3.1.13 soil core, n—cylindrical shaped specimen of sedi­
ments or other unconsolidated accumulations of solid particles 
produced by the physical and chemical disintegration of rocks 
and which may or may not contain organic matter recovered 
from a soil sampler. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 closed barrel sampler, n—a sampling device with a 

piston or other secured device that is held to block the 
movement of material into the barrel until the blocking device 
is removed or released. Liners are required in closed barrel 
samplers. Also may be referred to as a protected type sampler. 

3.2.2 impact heads/drive heads, n—pieces or assemblies 
that fit to top of the above ground portion of the direct push tool 
assembly to receive the impact of the hammering device and 
transfer the impact energy to sampler extensions. 

3.2.3 open barrel sampler, n—sampling barrel with open 
end allowing material to enter at any time or depth. Also may 
be referred to as an unprotected type sampler. 

3.2.4 piston lock, n—device to lock the sampler piston in 
place to prevent any entry of a foreign substance into the 
sampler chamber prior to sampling. 

3.2.5 single tube system, n—a system whereby single 
extension/drive rods with samplers attached are advanced into 
the subsurface strata to collect a soil sample. 
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3.2.6 solid barrel sampler, n—a soil sampling device con­
sisting of a continuous or segmented tube with a wall thickness 
sufficient to withstand the forces necessary to penetrate the 
strata desired and gather a sample. A cutting shoe and a 
connecting head are attached to the barrel. 

3.2.7 split barrel sampler, n—a soil sampling device con­
sisting of the two half circle tubes manufactured to matching 
alignment, held together on one end by a shoe and on the other 
by a connecting head. 

3.2.8 two tube systems, n—a system whereby inner and 
outer tubes are advanced simultaneously into the subsurface 
strata to collect a soil sample. The outer tube is used for 
borehole stabilization. The inner tube for sampler recovery and 
insertion. 

4. Summary of Guide 

4.1 Direct push soil sampling consists of advancing a 
sampling device into subsurface soils by applying static 
pressure, by applying impacts, or by applying vibration, or any 
combination thereof, to the above ground portion of the 
sampler extensions until the sampler has been advanced to the 
desired sampling depth. The sampler is recovered from the 
borehole and the sample removed from the sampler. The 
sampler is cleaned and the procedure repeated for the next 
desired sampling interval. Sampling can be continuous for full 
depth borehole logging or incremental for specific interval 
sampling. Samplers used can be protected type for controlled 
specimen gathering or unprotected for general soil specimen 
collection. 

5. Significance and Use 

5.1 Direct push methods of soil sampling are used for 
geologic investigations, soil chemical composition studies, and 
water quality investigations. Examples of a few types of 
investigations in which direct push sampling may be used 
include site assessments, underground storage tank investiga­
tions, and hazardous waste site investigations. Continuous 
sampling is used to provide a lithological detail of the 
subsurface strata and to gather samples for classification and 
index or for chemical testing. These investigations frequently 
are required in the characterization of hazardous waste sites. 
Samples, gathered by direct push methods, provide specimens 
necessary to determine the chemical composition of soils, and 
in most circumstances, contained pore fluids (3). 

5.2 Direct push methods can provide accurate information 
on the characteristics of the soils encountered and of the 
chemical composition if provisions are made to ensure that 
discrete samples are collected, that sample recovery is maxi­
mized, and that clean decontaminated tools are used in the 
sample gathering procedure. For purposes of this guide, “soil” 
shall be defined in accordance with Terminology D 653. Using 
sealed or protected sampling tools, cased boreholes, and proper 
advancement techniques can assure good representative 
samples. Direct push boreholes may be considered as a 
supplementary part of the overall site investigation or may be 
used for the full site investigation if site conditions permit. As 
such, they should be directed by the same procedural review 
and quality assurance standards that apply to other types of 

subsurface borings. A general knowledge of subsurface condi­
tions at the site is beneficial. 

5.3 Soil strata profiling to shallow depths may be accom­
plished over large areas in less time than with conventional 
drilling methods because of the rapid sample gathering poten­
tial of the direct push method. More site time is available for 
actual productive investigation as the time required for ancil­
lary activities, such as decontamination, rig setup, tool han­
dling, borehole backfill, and site clean-up is reduced over 
conventional drilling techniques. Direct push soil sampling has 
benefits of smaller size tooling, smaller diameter boreholes, 
and minimal investigative derived waste. 

5.4 The direct push soil sampling method may be used as a 
site characterization tool for subsurface investigation and for 
remedial investigation and corrective action. The initial direct 
push investigation program can provide good soil stratigraphic 
information depending on the soil density and particle size, 
determine ground water depth, and provide samples for field 
screening and for formal laboratory analysis to determine the 
chemical composition of soil and contained pore fluids. Use of 
this method, results in minimum site disturbance and no 
cuttings are generated. 

5.5 This guide may not be the correct method for investi­
gations in all cases. As with all drilling methods, subsurface 
conditions affect the performance of the sample gathering 
equipment and methods used. Direct push methods are not 
effective for solid rock and are marginally effective in partially 
weathered rock or very dense soils. These methods can be 
utilized to determine the rock surface depth. The presence or 
absence of ground water can affect the performance of the 
sampling tools. Compact gravelly tills containing boulders and 
cobbles, stiff clay, compacted gravel, and cemented soil may 
cause refusal to penetration. Certain cohesive soils, depending 
on their water content, can create friction on the sampling tools 
which can exceed the static delivery force, or the impact energy 
applied, or both, resulting in penetration refusal. Some or all of 
these conditions may complicate removal of the sampling tools 
from the borehole as well. Sufficient retract force should be 
available to ensure tool recovery. As with all borehole advance­
ment methods, precautions must be taken to prevent cross 
contamination of aquifers through migration of contaminants 
up or down the borehole. Regardless of the tool size, the 
moving of drilling and sampling tools through contaminated 
strata carries risks. Minimization of this risk should be a 
controlling factor in selecting sampling methods and drilling 
procedures. The user should take into account the possible 
chemical reaction between the sample and the sampling tool 
itself, sample liners, or other items that may come into contact 
with the sample (3, 4). 

5.6 In some cases this guide may combine water sampling, 
or vapor sampling, or both, with soil sampling in the same 
investigation. Guides D 6001 and D 4700 can provide addi­
tional information on procedures to be used in such combined 
efforts. 

6. Criteria for Selection 

6.1 Important criteria to consider when selecting sampling 
tools include the following: 

6.1.1 Size of sample. 
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6.1.2 Sample quality (Class A,B,C,D) for physical testing. 
Refer to Practice D 4220. 

6.1.3 Sample handling requirements, such as containers, 
preservation requirements. 

6.1.4 Soil conditions anticipated. 
6.1.5 Ground water depth anticipated. 
6.1.6 Boring depth required. 
6.1.7 Chemical composition of soil and contained pore 

fluids. 
6.1.8 Probability of cross contamination. 
6.1.9 Available funds. 
6.1.10 Estimated cost. 
6.1.11 Time constraints. 
6.1.12 History of tool performance under anticipated con­

ditions (consult experienced users and manufacturers). 
6.2 Important criteria to consider when selecting direct push 

equipment include the following: 
6.2.1 Site accessibility. 
6.2.2 Site visibility. 
6.2.3 Soil conditions anticipated. 
6.2.4 Boring depth required. 
6.2.5 Borehole sealing requirements. 
6.2.6 Equipment performance history. 
6.2.7 Personnel requirements. 
6.2.8 Decontamination requirements. 
6.2.9 Equipment grouting capability. 
6.2.10 Local regulatory requirements. 

7. Apparatus 

7.1 General—A direct push soil sampling system consists 
of a sample collection tool, hollow extension rods for advance­
ment, retrieval, and transmission of energy to the sampler, and 
an energy source to force sampler penetration. Auxiliary tools 
are required to handle, assemble and disassemble, clean, and 
repair the sample collection tools and impact surfaces. Neces­
sary expendable supplies are sample containers, sample con­
tainer caps, sample liners, sample retainers, appropriate lubri­
cants, and personal safety gear. 

7.2 Direct Push Tool Systems: 
7.2.1 Two Tube System—An outer casing and an inner 

extension rod with a sampler attached (see Fig. 1) are advanced 
simultaneously into the soil for the length capacity of the 
sampler. The sampler is removed from the borehole and a new 
sampler barrel or plug bit is inserted for each increment of 
depth. Two-tube sampling systems also may incorporate 
sample gathering chambers that are fitted into the outer casing 
shoe. These sample barrels are designed to create a minimum 
of sample disturbance while gathering high quality specimens 
(see Fig. 2). Samplers are held in the proper position by 
different methods, such as extension rods, pneumatic or me­
chanical packers, spring activated latches, or other devices (see 
Figs. 1 and 2). Locking devices must be strong enough to hold 
the sampler while penetrating the sample strata. The outer 
casing supports the borehole wall. Sample retrieval is expe­
dited by the cased hole and continuous sampling is simplified. 
Continuous sampling may be a benefit to lithological logging. 
A cased borehole can be sealed from the bottom up as the 
casing is extracted (see Section 10). A cased hole may reduce 
the risk of contamination migration down the borehole and 

sample cross contamination. The two-tube system is more 
susceptible to soil friction because of its larger diameter and 
may require larger direct push energy than single-tube systems. 
An oversized drive shoe is sometimes used to reduce friction 
and buckling but may increase the risk of contamination 
migration down the borehole. 

7.2.2 Single Tube System—The single tube system (see Fig. 
3), uses a hollow extension/drive rod to advance and retrieve 
the sampler. The sampler is attached to the bottom of the 
extension/drive rod. A drive cap is added to the top of the 
extension/drive rod and the sampler is pushed into the soil. 
Extension/drive rods generally are smaller in diameter than the 
sampler. The single tube system minimizes effort for discrete 
interval sampling under many subsurface conditions. Tool 
connection time per interval is reduced. Time of removal and 
reinsertion of samplers into the borehole is affected by soil 
conditions. Repeated movement of the sampler through con­
taminated subsurface strata may increase the risk of contami­
nation migration down the borehole. Bottom up borehole 
sealing may require re-entry in soil formations that collapse 
(see Section 10). 

7.3 Samplers: 
7.3.1 Split Barrel Samplers—Split barrel samplers (see Fig. 

4) are available for use with direct push drilling methods and 
are available in various sizes up to 3.0 in. (76.2-mm) inside 
diameter. The inside tolerance should allow for use of liners. 
Split barrel sampler shoes used in two tube systems must be of 
sufficient diameter to prevent the intrusion of soil between the 
outer diameter of the shoe and the inside wall of the outer tube. 
Split barrel shoes should be replaced when the leading edge is 
damaged. Damaged shoes can negatively affect sample recov­
ery. Samplers can be used with or without ball check value 
fitted split barrel heads. The ball check prevents uphole fluids 
from flowing down through the sample. Where soil sampling 
will be performed below the water table, the split barrel head, 
equipped with a ball check, should be used. The open split 
barrel is best used with the two tube system because the outer 
casing protects the borehole against cave-in or sloughing, or in 
soils in which the borehole wall will not collapse. Split barrel 
sealing systems are available. Split barrel sections can be 
joined to create a sampler with a nominal sample length 
capacity of 48 in. (1.22 m). It is understood that samplers with 
usable lengths beyond 24 in. (0.61 m) are used to advantage in 
certain soil types; however, the added weight of the soil sample 
in the chamber and the added friction within the sampler may 
prevent loose soils from entering the sampler, affecting sample 
recovery and representativeness. Split barrel samplers can be 
fitted with a basket to improve recovery in cohesionless soils. 
Retainers are available in many styles and materials. Retainers 
should allow the passage of softer soils. Stiff retainers can 
reduce specimen recovery in soft soils. 

7.3.2 Solid Barrel Samplers: 
7.3.2.1 Open Solid Barrel Samplers—Open solid barrel (see 

Fig. 5) samplers are used with all types of direct push sampling 
systems. Solid barrels can have inside diameters ranging up to 
3 in. (76.2 mm). Barrel lengths range from 6 in. (152.4 mm) to 
5 ft (1.53 m). Solid barrel samplers may be one piece or 
segmented. Sample liners should be used to facilitate removal 
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FIG. 1 Split Spoon Sampling, Two Tube System 

of the sample from the solid barrel. Without the use of liners, 
samples are extruded mechanically. Liner lengths should fit 
sampler barrel lengths. Solid barrel samplers are generally 
assembled with a removable cutting shoe and a drive head (see 
Fig. 6). The head provides a backing to hold the liner stationary 
while the sampler is advanced and serves as a connector to the 
extension/drive rods. The shoe is manufactured to hold the 
liner stationary during the soil collection procedure. The liner 
should be slightly larger than the inner diameter of the cutting 
shoe. It may be slipped over the cutting shoe (see Fig. 6) or  
nested inside of the cutting shoe (see Fig. 7). The shoe is 

manufactured to cut the sample to a slightly undersized 
diameter allowing it to pass into the sample liner with a 
minimum of side friction to reduce sample disturbance. The 
amount of specimen contact with the inside of the shoe should 
be held to the minimum distance possible to aid in achieving 
the maximum amount of recovery. 

7.3.3 Closed Barrel Sampler—Closed barrel samplers (see 
Figs. 2 and 3, Figs. 5-8) are devices, which remain sealed shut 
until an action is taken to open the sample receiving chamber. 
These samplers are used most often for single events (discrete 
point sampling) where a sealed sampler is required to avoid 
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FIG. 2 Sealed Sample Barrel, Single Tube System 

cross contamination or in circumstances where borehole wall 
stability cannot be assured. The shoe sealing device generally 
is a point designed to allow the continuous flow of soil around 
and past the sampler until such time as it is removed or 
released. The piston point can be fitted with seals, such as “O” 
rings at top and bottom to hold fluid out until sampling the 
desired interval. The piston rod extends through the sample 
retaining liner and must be released or removed for the soil to 
enter (see Fig. 3, Fig. 5, Fig. 7). The piston can be removed 
manually before sampling or be displaced by the soil entering 
the sampler chamber. Using the displacement method can 
result in reduced recovery if sampled soils do not have 
sufficient strength to displace the piston. Pistons are locked in 
place by several methods, such as a spring loaded latch. The 
latch holds several balls (see Fig. 2, Fig. 7, Fig. 8) into a groove 
in the latch coupling. When the latch is released by lifting up 
on the latch stem, the balls slip back into the latch chamber 

allowing the piston to be removed. Another method uses a 
locking screw. A reverse thread pin (Fig. 3, Fig. 6) is positioned 
in the sampler head to prevent the piston from being displaced 
by the soil when advancing the sampler. At the sampling 
interval, small diameter extension rods are inserted through the 
sampler extension/drive rods and rotated clockwise to unscrew 
the locking pin. A third method uses an inflated packer. An 
inflated packer (see Fig. 9) is attached to the top of the sampler 
barrel. The sample barrel is lowered into position in the drive 
casing and the packer inflated. The packer is deflated to release 
and the sample barrel is recovered after being advanced the 
sampling interval. 

7.3.4 Thin Wall Tube—A 1.0-in. (25.4-mm) diameter thin 
wall tube (see Fig. 10) is available for use with direct push 
equipment and is manufactured according to Practice D 1587. 
Thin wall tubes can be effective when used with dual tube 
direct push systems as the borehole must be kept clear of 
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FIG. 3 Driving and Sampling, Single Tube System 

(a) Driving the sealed sampler. (b) Removing the stop-pin. 
(c) Collecting a sample (d) Recovering sample in liner. 

disturbed soil prior to gathering a sample. Thin wall tubes may 
be effective in cohesive soils with single tube systems when the 
borehole can be kept clear of disturbed soil. Thin wall tubes 
must have an outside diameter that will allow passage through 
the outer casing. The thin wall tube can be operated in 
accordance with Practice D 1587, or it can be advanced using 
the percussion hammer of the direct push equipment. The 
primary use of the thin wall tube is to gather relatively 
undisturbed samples in cohesive soils. Sealing of thin wall tube 
ends should be completed in accordance with Practice D 4220. 
Fixed piston apparatus (see Fig. 10) also is available for use 
with thin walled tubes. The fixed piston action allows the 
sampling of very soft formations, which may not be retained in 
conventional samplers. In certain soil formations, the thin wall 
tube provides the best method to collect an undisturbed sample. 

7.3.5 Sampler Extension/Drive Rods—Sampler extension/ 
drive rods are lengths of rod or tube generally constructed of 
steel to withstand the pushing or percussion forces applied. 
Extension drive rods are available in various lengths. Rod 
lengths should be mated with casing and sampling equipment 
used. Thread types and classes vary between equipment 
manufacturers. Rod joints can be sealed to prevent fluid 
intrusion with “O” rings. Teflony washers or Teflony tape. 
Because of the percussive effort, joint seals should be checked 
for each sampling effort. Extension/drive rods should have 
sufficient inside diameter to accommodate the equipment 
necessary to perform the desired action. 

7.3.6 Sampler Liners—Sampler liners are used to collect 
and store samples for shipment to laboratories, for field index 
testing of samples and for removing samples from solid barrel 
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FIG. 4 Split Barrel Sampler, Two Tube System 

type samplers. Liners are available in plastics, Teflony, brass, 
and stainless steel. Other materials can be used as testing needs 
dictate. Liners are available in lengths from 6 in. (152.4 mm) 
to 5.0 ft (1.53 m). Liner material selection often is based on the 
chemical composition of liner/soil to minimize sample reaction 
with liner. Most liner use is short term as samples are 
subsampled and preserved immediately on site. A general rule 
for liner selection is stainless steel for organic compounds and 
plastic for metals. Teflony may be required for mixed wastes 
and for long time storage. Liners should be sealed in accor­
dance with Practice D 4220 when samples are collected for 

physical testing. Other appropriate procedures must be used 
when samples are collected for environmental analysis (see 
Practices D 3694) (1, 2). Liners generally are split in the field 
for subsampling. Individually split liners are available in some 
sizes for field use. The liner should have a slightly larger inside 
diameter than the soil specimen to reduce soil friction and 
enhance recovery. When a slightly oversized liner is used, the 
potential for air space exists around the sample. Certain 
chemical samples may be affected by the enclosed air. Liners 
having less tolerance may be required and a shortened sampled 
interval used to reduce friction in the liner. Metal liners can be 
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FIG. 5 (A) Open and (B) Closed Piston Sampler Assembly, Single Tube System 

reused after proper cleaning and decontamination. Plastic 
liners should be disposed of properly after use. 

7.3.7 Sample Containers—Sample containers should be 
prescribed according to the anticipated use of the sample 
specimen. Samples taken for chemical testing may require 
decontaminated containers with specific preservatives. Practice 
D 3694 provides information on some of the special containers 
and preservation techniques required (1, 2). These containers 
generally will be decontaminated to specific criteria. Samples 
for geotechnical testing require certain minimum volumes and 
specific handling techniques. Practice D 4220 offers guidance 
for sample handling of samples submitted for physical testing. 

7.4 Direct Push Power Sources—Soil probing percussion 
driving systems, penetrometer drive systems, and rotary drill­
ing equipment may be used to drive casings and direct push 
soil sampling devices. The equipment should be capable of 
applying sufficient static force, or dynamic force, or both, to 
advance the sampler to the required depth to gather the desired 
sample. The system must have adequate retraction force to 
remove the sampler and extension/drive rods once the selected 
strata has been penetrated. Rotation of the drill string can be 
added during insertion, as well as during retraction if the drive 
system can impart rotation. 
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FIG. 6 Sampler Parts, Single Tube System 

7.4.1 Retraction Force—The retraction force can be applied penetration testing practices. Backpounding to recover samples 
by direct mechanical pull back using the hydraulic system of can affect recovery and cause disturbances to the sample. Other 
the power source; line pull methods using mechanical or forms of extraction, such as jacking, that do not cause undue 
hydraulic powered winches, or cathead and rope windlass type disturbance to the sample, are preferable. 
devices. Winches used with direct push technology should 7.4.2 Percussion Devices—Percussion devices for use with 
have a minimum of 2000 lb (907 kg) top layer rating capacity direct push methods are hydraulically-operated hammers, air-
and a line speed of 400 ft (121.96 m)/min to provide effective operated hammers, and mechanically-operated hammers. 
tool handling. Direct push sampling tools can be retracted by Hydraulically-operated hammers should have sufficient energy 
back pounding using weights similar to those of standard to be effective in moving the samplers through the subsurface 
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FIG. 7 Closed Solid Barrel Sampler, Single Tube System 

strata. The maximum energy application is dependent on the 
tools used. Hammer energy that exceeds tool tolerance will 
result in tool damage or loss and will not achieve the goal of 
collecting high quality samples. Air-operated hammers should 
be capable of delivering sufficient energy, as well. Hammer 
systems utilizing hydraulic oil or air should be operated in the 
range specified by the manufacturer. Manually-operated ham­
mers can be used to advance direct push tools. These hammers 
can be operated mechanically or manually using cathead and 
rope. These systems generally involve using 140 lb, standard 
penetration (see Test Method D 1586) hammers, which can 

work well for direct push sampling. In operation, these 
hammers tend to be slower than hydraulic hammers and can 
cause tool damage if direct push tools are not designed to take 
the heavy blows associated with these hammers. The 
hydraulic- and air-operated hammers strike up to 2000 blows/ 
min. In addition to the energy transferred, the rapid hammer 
action sets up a vibratory effect, which also aids in penetration. 
This vibratory effect, along with the percussive effort, may 
disturb some soil samples. 

7.4.3 Static Push Systems—Cone penetrometer systems are 
an example of static push systems. They impart energy to the 
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FIG. 8 Closed Solid Barrel Sampler, Single Tube System 

sampler and extension rods by using hydraulic rams to apply 
pressure. The pressure applied is limited to the reactive weight 
of the drive vehicle. Retraction of the sampler and extension 
rods is by static pull from the hydraulic rams. 

7.4.4 Vibratory/Sonic Systems—These systems utilize a vi­
bratory device, which is attached to the top of the sampler 
extension rods. Reactive pressure and vibratory action are 
applied to the sampler extensions moving the sampler into the 
formation. In certain formations, sample recovery and forma­
tion penetration is expedited; however, all formations do not 
react the same to vibratory penetration methods. 

7.4.4.1 Sonic or Resonance Drilling Systems—These are 
high powered vibratory systems that can be effective in 
advancing large diameter single or dual tube systems. They 
generally have depth capabilities beyond the smaller direct 
push systems. 

7.4.5 Rotary Drilling Equipment—Direct push systems are 
readily adaptable to rotary drill units. The drill units offer a 
ready hydraulic system to operate percussion hammers, as well 
as reactive weight for static push. Because most drills are 
equipped with leveling jacks, better weight application is 
achieved. Vertical pushing is improved because of the ability to 
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FIG. 9 Sampler Holding Methods, Two Tube System 

level the machine. Tool handling is facilitated by high speed 8. Conditioning 
winches common to drilling rigs, extended masts for long tool 8.1 Decontamination—Sampling equipment that will con-
pulls, and longer feed stroke length. Drill units with direct push 

tact the soil to be sampled should be cleaned and decontami­adaptations also offer drilling techniques should obstacles be 
nated before and after the sampling event. Extension rods encountered while using direct push technology. Large drill 
should be cleaned prior to each boring to avoid the transfer of units may have reactive weights that can exceed the tool 
contaminants and to ease the connecting of joints. Thread capacity, thereby resulting in damaged tools. 
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FIG. 10 Thin Wall Tube Sampler, Two Tube System 

maintenance is necessary to ensure long service life of the 
tools. Sample liners should be kept in a sealed or clean 
environment prior to use. Reusable liners should be decontami­
nated between each use. All ancillary tools used in the 
sampling process should be cleaned thoroughly, and if con­
taminants are encountered, decontaminated before leaving the 
site. It should not be assumed that new tools are clean. They 
should be cleaned and decontaminated before use. Decontami­
nation should be performed following procedures outlined in 

Practice D 5088 along with any site safety plans, sampling 
protocols, or regulatory requirements. 

8.2 Tool Selection—Prior to dispatch to the project site an 
inventory of the necessary sampling tools should be made. 
Sample liners, containers, sampling tools, and ancillary equip­
ment should be checked to ensure its proper operation for the 
work program prescribed. Sampling is expedited by having 
two or more samplers on site. Since samples can be recovered 
quite fast, a supply of samplers will allow a boring to be 
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completed so other functions can be performed while samples 
are being processed. A backup tool system adaptable to and 
within the capabilities of the power source should be available 
should the original planned method prove unworkable. Mate­
rials for proper sealing of boreholes should always be available 
at the site (5-7). 

9. Procedure 

9.1 While procedures for direct push soil sampling with two 
common direct push methods are outlined here, other systems 
may be available. As long as the basic principles of practice 
relating to sampler construction and use are followed, other 
systems may be acceptable. 

9.2 General Set-Up—Select the boring location and check 
for underground and overhead utilities and other site obstruc­
tions. Establish a reference point on the site for datum 
measurements, and set the direct push unit over the boring 
location. Stabilize and level the unit, raise the drill mast or 
frame into the drilling position, and attach the hammer assem­
bly to the drill head if not permanently attached. Attach the 
anvil assembly in the prescribed manner, slide the direct push 
unit into position over the borehole, save a portion of the 
sliding distance for alignment during tool advancement, and 
ready the tools for insertion. 

9.2.1 Tool Preparation—Inspect the direct push tools before 
using, and clean and decontaminate as necessary. Inspect drive 
shoes for damaged cutting edges, dents, or thread failures as 
these conditions can cause loss of sample recovery and slow 
the advancement rate. Where permissible, lubricate rod joints 
with appropriate safe products, and check impact surfaces for 
cracks or other damage that could result in failure during 
operations. Assemble samples and install where required, 
install sample retainers where needed, and install and secure 
sampler pistons to ensure proper operation where needed. 

9.2.2 Sample Processing—Sample processing should fol­
low a standard procedure to ensure quality control procedures 
are completed. View sample in the original sampling device, if 
possible. Open the sampling device with care to keep distur­
bance to a minimum. When using liners or thin wall tubes, 
protect ends to prevent samples from falling out or being 
disturbed by movement within the liner. Measure recovery 
accurately, containerize as specified in the work plan or 
applicable ASTM procedures, and label recovered samples 
with sufficient information for proper identification. When 
collecting samples for volatile chemical analysis, sample 
specimens must be contained and preserved as soon as possible 
to prevent loss of these components. Follow work plan 
instructions or other appropriate documents (see Practice 
D 3694) when processing samples collected for chemical 
analysis. 

9.3 Two Tube System: 
9.3.1 Split Barrel Sampling (see Fig. 1)—Assemble the 

outer casing with the drive shoe on the bottom, attach the drive 
head to the top of the outer casing, and attach the sampler to the 
extension rods. Connect the drive head to the top of the 
sampler extension rods, and insert the sampler assembly into 
the outer casing. The sampler cutting shoe should contact the 
soil ahead of the outer casing to prevent unnecessary sample 
disturbance. The split spoon cutting shoe should extend a 

minimum of 0.25 in. (6.25 mm) ahead of the outer casing. 
Greater extensions may improve recovery in soft formations. 
Mark the outer casing to designate the required drive length, 
position the outer casing and sampler assembly under the drill 
head, and move the drill head downward to bring pressure on 
the tool string. If soil conditions allow, advance the sampler/ 
casing assembly into the soil at a steady rate slow enough to 
allow the soil to be cut by the shoe and move up inside the 
sample barrel. If advancement is too rapid, it can result in loss 
of recovery because of soil friction in the shoe. Occasional 
hammer action during the push may help recovery by agitating 
the sample surface. If soil conditions prevent smooth static 
push advancement, activate the hammer to advance the sam­
pler. Apply a continuous pressure while hammering to expedite 
soil penetration. The pressure required is controlled by subsur­
face conditions. Applications of excessive down pressure may 
result in the direct push unit being shifted off the borehole 
causing misalignment with possible tool damage. Stop the 
hammer at completion of advancement of the measured sam­
pling barrel length. Release the pressure and move the drill 
head off the drive head. Attach a pulling device to the extension 
rods or position the hammer bail and retrieve the sampler from 
the borehole. At the surface remove the sampler from the 
extension rods and process. Soil classification is accomplished 
easily using split barrel samplers as the specimen is available 
readily for viewing, physical inspection and subsampling when 
the barrel is opened. Clean, decontaminate, and reassemble the 
sampler. Reattach the sampler to the extension rod, add the 
necessary extension rod and outer casing to reach the next 
sampling interval, and sound the borehole for free water before 
each sample interval. If water is present, it may be necessary to 
change sampling tools. Unequal pressure inside the casing may 
result in blow-in of material disturbing the soil immediately 
below the casing. Lower the sampler to its proper position, add 
the drive heads, and repeat the procedure. If it is desired that 
the pass through certain strata without sampling, install an 
extension rod point in lieu of the sampler. When the sampling 
interval is reached, remove the point and install the sampler. 
Advance the sampler as described. Upon completion of the 
borehole, remove the outer casing after instrumentation has 
been set or as the borehole is sealed as described in Section 10 
(6). 

9.3.2 Two Tube System—Other Samplers: 

9.3.2.1 Thin Wall Tubes—Thin wall tubes (see Fig. 10) can 
be used with the dual tube system. Attach the tube to the tube 
head using removable screws. Attach the tube assembly to the 
extension rods and position at the base of the outer casing shoe 
protruding a minimum of 0.25 in. (6.25 mm) to contact the soil 
ahead of the outer casing. Advance the tube, with or without 
the outer casing, at a steady rate similar to the requirements of 
Practice D 1587. At completion of the advancement interval, 
let the tube remain stationary for 1 min. Rotate the tube slowly 
two revolutions to shear off the sample. Remove the tube from 
the borehole, measure recovery, and classify soil. The thin wall 
tube can be field extruded for on-site analysis or sealed in 
accordance with Practice D 4220 and sent to the laboratory for 
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processing. Samples for environmental testing generally re­
quire the subsampling and preservation of samples in con­
trolled containers. Soil samples generally are removed from the 
sampling device for storage and shipping. Thin wall tubes 
should be cleaned and decontaminated before and after use. 

9.3.2.2 Thin Wall Tube Piston Sampler (see Fig. 11)— 
Check the fixed piston sampling equipment for proper opera­
tion of the cone clamping assembly and the condition of the 
sealing “O” rings. Slide the thin wall tube over the piston, and 
attach it to the tube head. Position the piston at the sharpened 

end of the thin wall tube just above the sample relief bend. 
Attach the sampler assembly to the extension rods, and lower 
the sampler into position through the outer casing. Install the 
actuator rods through the extension rod, and attach to the 
actuator rod in the sampler assembly. Attach a holding ring to 
the top of the actuator rod string, and hook the winch cable or 
other hook to the holding ring to hold the actuator rods in a 
fixed position. Attach the pushing fork to the drill head/probe 
hammer, and slowly apply downward pressure to the extension 
rods advancing the thin wall tube over the fixed piston into the 

FIG. 11 Fixed Piston Sampler, Two Tube System 
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soil for the sample increment. Rest sampler 1 min to allow 
sample to conform to tube. Rotate tube one revolution to shear 
off sample. Remove sampler assembly from borehole and 
process sample (6). 

9.3.2.3 Open Solid Barrel Samplers—Use solid barrel sam­
plers in advance of the outer casing where the soil conditions 
could cause swelling of split barrel samplers, or where friction 
against the outer casing precludes its advancement and sam­
pling must still be accomplished. The solid, single, or seg­
mented barrel sampler requires the use of liners for removal of 
the sample. The sampler must be cleaned and decontaminated 
before use. Use of the sampler follows the procedure described 
in 9.3.1. 

9.4 Single Tube System: 
9.4.1 Open Solid Barrel Sampler (see Figs. 5 and 6)— 

Attached the required liner to the cutting shoe by insertion into 
the machined receptacle area or by sliding over the machined 
tube. Insert the liner and shoe into the solid barrel, and attach 
the shoe (6, 8-11). Attach the sampler head to the sampler 
barrel providing a backing plate for the liner. Attach the 
sampler assembly to the drive rod and the drive head to the 
drive rod. Position the assembly under the hammer anvil and 
advanced as described in 9.3.1. At completion of the sampling 
increment, remove the sampler from the borehole. Remove the 
filled sample liner from the barrel by unscrewing the shoe, cap 
the liner for laboratory testing or spit open for field processing, 
and advance the borehole by repeating the procedure. Because 
the solid barrel cannot be opened for cleaning, it may require 
more effort for cleaning and decontamination. The open solid 
barrel sampler is used in soil formations that have sufficient 
wall strength to maintain a borehole wall without sloughing or 
cave-in. In soil formations not affording such structure, other 
sampling methods may be required or the opening sealed. To 
enhance recovery in some soil strata, it may be necessary to 
vary the length of the sampling increment. Shorter increments 
generally improve recovery because of lower sample friction 
and compression inside the sampler chamber. Sample recovery 
can be enhanced in some formations by intermittent use of the 
percussion hammer (6, 8, 10, 11). 

9.4.2 Closed Solid Barrel Sampler (see Figs. 5-7, Fig. 
11)—Insert or attach the sample liner to the shoe, and insert the 
assembly into the solid barrel sampler. Install sample retaining 
basket if desired. Attach the latch coupling or sampler head to 
the sampler barrel, and attach the piston assembly with point 
and“ O” rings if free water is present, to the latching mecha­
nism or holder. Insert the piston or packer into the liner to its 
proper position so the point leads the sampler shoe. Set latch, 
charge packer, or install locking pin, and attach assembled 
sampler to drive rod. Add drive head and position under the 
hammer anvil. Apply down pressure, hammer if needed, to 
penetrate soil strata above the sampling zone. When the 
sampling zone is reached, insert the piston latch release and 
recovery tool, removing the piston, or insert the locking pin 
removal/extension rods through the drive rods, turn counter­
clockwise, and remove the piston locking pin so the piston can 
float on top of the sample, or release any other piston holding 
device. Direct push or activate the hammer to advance the 
sampler the desired increment. Retrieve the sampler from the 

borehole by withdrawing the extension/drive rods. Remove the 
shoe, and withdraw the sample liner with sample for process­
ing. Clean and decontaminate the sampler, reload as described, 
and repeat the procedure. Extreme stress is applied to the 
piston when driving through dense soils. If the piston releases 
prematurely, the sample will not be recovered from the correct 
interval, and a resample attempt must be made. The piston 
sampler can be used as a re-entry grouting tool for sealing 
boreholes on completion if it is equipped with a removable 
piston (5, 6, 7, 10, 11). 

9.4.3 Standard Split Barrel Sampler—Attach the split spoon 
to an extension rod or drill rod. Using a mechanical or 
hydraulic hammer drive the sampler into the soil the desired 
increment, as long as that increment does not exceed the 
sampler chamber length. Remove the sampler from the bore-
hole, disassemble, and process sample. Standard split barrel 
samplers can be used, as long as borehole wall integrity can be 
maintained and the additional friction can be overcome. If 
caving or sloughing occurs, the sampler tip should be sealed or 
other sampling tools used (9). 

9.5 Quality Control: 
9.5.1 Quality Control—Quality control measures are neces­

sary to ensure that sample integrity is maintained and that 
project data quality objectives are accomplished. By following 
good engineering principles and applying common sense, 
reliable site characterizations can be accomplished. 

9.5.2 Water Checks—Water seeping into the direct push 
casing or connecting rods from contaminated zones may 
influence testing results. Periodically check for ground water 
before inserting samplers into borehole or into outer casings in 
the two tube system. If water is encountered, it may be 
necessary to switch to the sealed piston type samplers to 
protect sample integrity. Sealed piston type samples may not 
always be water tight. Sealing of rod or casing joints can 
prevent ground water from entering through the joints. 

9.5.3 Datum Points—Establishment of a good datum refer­
ence is essential to providing reliable sample interval depths 
and elevators. Select datum reference points that are suffi­
ciently protected from the work effort, and that can be located 
for future reference. Field measurements should be to 0.1 ft 
(3.05 mm). Measure extension rods as the bore advances to 
locate sample depth. Mark rods before driving each sample 
interval to determine accurate measurement of sample recovery 
and to accurately log borehole depth. 

9.5.4 Sample Recovery—Sample recovery should be moni­
tored closely and results documented. Poor recovery could 
indicate a change in sampling method is needed, that improper 
sampling practices are being conducted, or that sampling tools 
are incorrect. Sample recovery involves both volume and 
condition. Poor sample recovery should cause an immediate 
review of the sampling program. 

9.5.5 Decontamination—Follow established decontamina­
tion procedures. Taking shortcuts may result in erroneous or 
suspect data. 

10. Completion and Sealing 

10.1 Completion—For boreholes receiving permanent 
monitoring devices, completion should be in accordance with 
Practice D 5092, site work plan, or regulatory requirements. 
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10.2 Borehole Sealing—Seal direct push boreholes to mini­
mize preferential pathways for containment migration. Addi­
tional information and guidance on borehole sealing can be 
found in Guide D 6001 and in Guide D 5299. State or local 
regulations may control both the method and the materials for 
borehole sealing. Regulations generally direct bottom up bore-
hole sealing as it is the surest and most permanent method for 
complete sealing. High pressure grouting is available for use 
with direct push technology for bottom up borehole sealing. 

10.2.1 Sealing by Slurry, Two Tube System—Sound the 
borehole for free water. If water exists in the casing, place the 
extension rods, open-ended, to the bottom of the outer casing, 
as a tremie. Mix the slurry to standard specifications prescribed 
by regulation or work plan. Pump slurry through the extension/ 
drive rod until it appears at the surface of the outer casing. 
Remove the extension rods. If no free water exists in the 
borehole, the slurry can be placed by gravity. Top off the outer 
casing as it is removed from the borehole. 

10.2.1.1 Slurry Mixes—Slurry mixes used for slurry grout­
ing of direct push boreholes generally are of lower viscosity 
because of the small diameter tremie pipes required. Usable 
mixes are 6 to 8 gal (22.7 to 30.28 L) of water/94-lb (42.64-kg) 
bag of cement with 5 lb (2.27 kg) of bentonite or 24 to 36 gal 
(90.84 to 136.28 L) of water to 50 lb (22.68 kg) of bentonite. 

10.2.2 Sealing by Gravity—Two Tube System—Measure the 
cased hole to ensure it is open to depth. Slowly add bentonite 
chips or granular bentonite to fill the casing approximately 2 ft. 
Withdraw the casing 2 ft and recheck depth. Hydrate the 
bentonite by adding water. Repeat this procedure as the outer 
casing is withdrawn. The bentonite must be below the bottom 
of the casing during hydration. Wetness inside the rods may 
affect the flow of granular bentonite to the bottom of the 
casing. Fill the top foot of the borehole with material that is the 
same as exists in that zone. 

10.2.3 Borehole Sealing Single Tube System: 
10.2.3.1 Gravity Sealing from Surface—If the soil strata 

penetrated has sufficient wall strength to maintain an open 
hole, then it may be possible to add sealing materials from the 
surface. Dry bentonite chips or granular bentonite can be 
placed by gravity. The borehole volume should be determined 
and the borehole sounded every 10 ft (3 m) to ensure bridging 
has not occurred. The bentonite should be hydrated by adding 
approximately 1 pt (0.57 L) of water for each 5 ft of filled 
borehole. Seal the surface with native material. 

10.2.3.2 Wet Grout Mix Tremie Sealing—Tremie sealing 
methods can be used with single tube systems when borehole 
wall strength is sufficient to maintain an open hole or when 
extension rods with an expendable point are used to reenter the 
borehole. The grout pipe should be inserted immediately after 
the direct push tools are withdrawn or through the annulus of 
the extension rods that have been reinserted down the borehole 
for grouting. Care must be taken to not plug the end of the 
grout pipe. Side discharge grout pipes also can be used to 
prevent plugging. 

10.2.4 Re-Entry Grouting—If the borehole walls are not 
stable, the borehole can be re-entered by static pushing 
grouting tools, such as an expendable point attached to the 
extension/drive rods to the bottom of the original borehole. 
Pump a slurry through the rods as they are withdrawn. High 
pressure grouting equipment may be beneficial in pumping 
standard slurry mixes through small diameter gravity pipes. 
Care must be taken to ensure the original borehole is being 
sealed. 

11. Record Keeping 

11.1 Field Report—The field report may consist of boring 
log or a report of the sampling event and a description of the 
sample. Soil samples can be classified in accordance with 
Practice D 2488 or other methods as required for the investi­
gation (12). Prepare the log in accordance with standards set in 
Guide D 5434 listing the parameters required for the field 
investigation program. List all contaminants identified, instru­
ment readings taken, and comments on sampler advancement. 
Record any special field tests performed and sample processing 
procedures beyond those normally used in the defined inves­
tigation. Record borehole sealing procedures, materials used, 
and mix formulas on the boring log. Survey or otherwise locate 
the boring site to provide a permanent record of its replace­
ment. 

11.2 Backfilling Record—Record the method of sealing, 
materials used, and volume of materials placed in each 
borehole. This information can be added to the field boring log 
or recorded on a separate abandonment form. 

12. Keywords 

12.1 decontamination; direct push; ground water; sealing; 
soil sampling 
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Designation: D 6001 – 96 (Reapproved 2002) 

Standard Guide for 
Direct-Push Water Sampling for Geoenvironmental
Investigations1 

This standard is issued under the fixed designation D 6001; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This guide covers a review of methods for sampling 

ground water at discrete points or in increments by insertion of 
sampling devices by static force or impact without drilling and 
removal of cuttings. By directly pushing the sampler, the soil is 
displaced and helps to form an annular seal above the sampling 
zone. Direct-push water sampling can be one time, or multiple 
sampling events. Methods for obtaining water samples for 
water quality analysis and detection of contaminants are 
presented. 

1.2 Direct-push methods of water sampling are used for 
ground-water quality studies. Water quality may vary at differ­
ent depths below the surface depending on geohydrologic 
conditions. Incremental sampling or sampling at discrete 
depths is used to determine the distribution of contaminants 
and to more completely characterize geohydrologic environ­
ments. These investigations are frequently required in charac­
terization of hazardous and toxic waste sites. 

1.3 Direct-push methods can provide accurate information 
on the distribution of water quality if provisions are made to 
ensure that cross-contamination or linkage between water 
bearing strata are not made. Discrete point sampling with a 
sealed (protected) screen sampler, combined with on-site 
analysis of water samples, can provide the most accurate 
depiction of water quality conditions at the time of sampling. 
Direct-push water sampling with exposed-screen sampling 
devices may be useful and are considered as screening tools 
depending on precautions taken during testing. Exposed screen 
samplers may require development or purging depending on 
sampling and quality assurance plans. Results from direct-push 
investigations can be used to guide placement of permanent 
ground-water monitoring wells and direct remediation efforts. 
Multiple sampling events can be performed to depict condi­
tions over time. Use of double tube tooling, where the outer 

1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock 
and is the direct responsibility of Subcommittee D18.21 on Ground Water and 
Vadose Zone Investigations. 

Current edition approved Aug. 10, 1996. Published January 1997. 

push tube seals the hole, prevents the sampling tools from 
coming in contact with the formation, except at the sampling 
point. 

1.4 Field test methods described in this guide include 
installation of temporary well points, and insertion of water 
samplers using a variety of insertion methods. Insertion meth­
ods include: (1) soil probing using combinations of impact, 
percussion, or vibratory driving with or without additions of 
smooth static force; (2) smooth static force from the surface 
using hydraulic penetrometer or drilling equipment, and incre­
mental drilling combined with direct-push water sampling 
events. Under typical incremental drilling operations, samplers 
are advanced with assistance of drilling equipment by smooth 
hydraulic push, or mechanical impacts from hammers or other 
vibratory equipment. Methods for borehole abandonment by 
grouting are also addressed. 

1.5 Direct-push water sampling is limited to soils that can 
be penetrated with available equipment. In strong soils damage 
may result during insertion of the sampler from rod bending or 
assembly buckling. Penetration may be limited, or damage to 
samplers or rods can occur in certain ground conditions, some 
of which are discussed in 4.6. Information in this procedure is 
limited to sampling of saturated soils in perched or saturated 
ground-water conditions. 

1.6 This guide does not address installation of permanent 
water sampling systems such as those presented in Practice 
D 5092. 

1.7 Direct-push water sampling for geoenvironmental ex­
ploration will often involve safety planning, administration, 
and documentation. 

1.8 This guide does not purport to address all aspects of 
exploration and site safety. It is the responsibility of the user of 
this guide to establish appropriate safety and health practices 
and determine the applicability of regulatory limitations before 
its use. 

1.9 This guide offers an organized collection of information 
or a series of options and does not recommend a specific 
course of action. This document cannot replace education or 
experience and should be used in conjunction with professional 
judgment. Not all aspects of this guide may be applicable in all 
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circumstances. This iiTi standard is not intended to reprei 
sent or replace the standard of care by which the adeiuacy of 
a giien professional seriice must be judgedinor should this 
document be applied without consideration of a projectis many 
uniiue aspects. The word iitandardi in the title of this 
document means only that the document has been approied 
through the iiTi consensus process. 

D. DeDeDeDceDDocDDeDDD 
2.1 iiTi itandardsi 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 

D 2488 Practice for Description and Identi cation of Soils 
(Visual-Manual Procedure)2 

D 3441 Test Method for Mechanical Cone Penetration Tests 
of Soil2 

D 4448 Guide for Sampling Ground-Water Monitoring 
Wells3 

D 4750 Test Method for Determining Subsurface iquid 
evels in a Borehole or Monitoring Well ( bservation 

Well)2 

D 5088 Practices for Decontamination of Field Equipment 
Used at onradioactive Waste Sites2 

D 5092 Practice for Design and Installation of Ground 
Water Monitoring Wells in Aquifers2 

D 5229 Practice for Decommissioning Monitoring Wells4 

D 5254 Practice for Minimum Set of Data Elements to 
Identify a Ground-Water Site2 

D 5314 Guide for Soil Gas Monitoring in the Vadose Zone2 

D 5434 Guide for Field ogging of Subsurface Explora­
tions of Soil and Rock2 

D 5474 Guide for Selection of Data Elements for Ground-
Water Investigation2 

D 5521 Guide for Development of Ground-Water Monitor­
ing Wells in Granular Aquifers2 

D 5730 Guide for Site Characterization for Environmental 
Purposes With Emphasis on Soil, Rock, the Vadose Zone 
and Ground Water2 

D 5778 Test	 Method for Performing Electronic Friction 
Cone and Piezocone Penetration Tests2 

2.2 irilling iethodsi 
D 5781 Guide for the Use of Dual-Wall Reverse-Circulation 

Drilling for Geoenvironmental Exploration and the Instal­
lation of Subsurface Water- uality Monitoring Devices4 

D 5782 Guide for the Use of Direct Air-Rotary Drilling for 
Geoenvironmental Exploration and the Installation of 
Subsurface Water- uality Monitoring Devices4 

D 5783 Guide for the Use of Direct Rotary Drilling with 
Water-Based Drilling Fluid for Geoenvironmental Explo­
ration and the Installation of Subsurface Water- uality 
Monitoring Devices4 

D 5784 Guide for the Use of	 ollow-Stem Augers for 
Geoenvironmental Exploration and the Installation of 
Subsurface Water- uality Monitoring Devices4 

2 innual iooiof iiTi itandards, Vol 04.08. 
3 innual iooiof iiTi itandards, Vol 11.04. 
4 innual iooiof iiTi itandards, Vol 04.09. 

D 5875 Guide for the Use of Cable-Tool Drilling and 
Sampling Methods for Geoenvironmental Explorations 
and Installation of Subsurface Water- uality Monitoring 
Devices4 

D 5876 Guide for the Use of Direct Rotary Wireline Casing 
Advancement Drilling Methods for Geoenvironmental 
Exploration and the Installation of Subsurface Water­

uality Monitoring Devices4 

2.3 ioil iamplingi 
D 1586 Test Method for Penetration Test and Split-Barrel 

Sampling of Soils2 

D 1587 Practice for Thin-Walled Tube Sampling of Soils for 
Geotechnical Purposes2 

D 3550 Practice for Thick Wall, Ring- ined, Split Barrel, 
Drive Sampling of Soils2 

D 4700 Guide for Soil Sampling from the Vadose Zone2 

D. DeDDDDoDoDD 
3.1 Terminology used within this guide is in accordance 

with Terminology D 653 with the addition of the following: 
3.2 De nitions in accordance with Practice D 5092. 
3.3 bailer a hollow tubular receptacle used to facilitate 

removal of uid from a well or borehole. 
3.4 borehole a circular open or uncased subsurface hole 

created by drilling. 
3.5 casing pi pe, nished in sections with either threaded 

connections or beveled edges to be eld welded, which is 
installed temporarily or permanently to counteract caving, to 
advance the borehole, or to isolate the interval being moni­
tored, or combination thereof. 

3.6 caiingisloughing the in ow of unconsolidated mate­
rial into a borehole that occurs when the borehole walls lose 
their cohesive strength. 

3.7 centralizer a device that helps in the centering of a 
casing or riser within a borehole or another casing. 

3.8 jetting when applied as a drilling method, water is 
forced down through the drill rods or riser pipe and out through 
the end openings. The jetting water then transports the gener­
ated cuttings to the ground surface in the annulus of the drill 
rods or casing and the borehole. The term jetting may also refer 
to a well development technique. 

3.9 iTii tape joint sealing tape composed of polytet­
ra uorethylene. 

3.10 well screen a ltering device used to retain the 
primary or natural lter pack; usually a cylindrical pipe with 
openings of uniform width, orientation, and spacing. 

3.11 iefinitions of Terms ipecific to This itandardi 
3.11.1 assembly length length of sampler body and riser 

pipes. 
3.11.2 bentonite the common name for drilling uid addi­

tives and well construction products consisting mostly of 
naturally occurring sodium montmorillonite. Some bentonite 
products have chemical additives that may affect water quality 
analyses (see 9.3.3). 

3.11.3 directipush sampling sampling devices that are di­
rectly inserted into the soil to be sampled without drilling or 
borehole excavation. 
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3.11.4 drill hole a cylindrical hole advanced into the 
subsurface by mechanical means; also, known as borehole or 
boring. 

3.11.5 effectiie screen length the length of a screen open 
or exposed to water bearing strata. 

3.11.6 effectiie seal length the length of soil above the 
well screen that is in intimate contact with the riser pipe and 
prevents connection of the well screen with ground water from 
other zones. 

3.11.7 grab sampling the process of collecting a sample of 
uid exposed to atmospheric pressure through the riser pipe 

with bailers or other methods that may include pumping; also 
know as batch sampling. 

3.11.8 incremental drilling and sampling insertion method 
where rotary drilling and sampling events are alternated for 
incremental sampling. Incremental drilling is often needed to 
penetrate harder or deeper formations. 

3.11.9 in situ testing deiices sensors or samplers, used for 
obtaining mechanical or chemical test data, that are typically 
pushed, rotated, or driven from the surface or below the bottom 
of a borehole following completion of an increment of drilling. 

3.11.10 intermittent sampling deiices us ually barrel-type 
samplers driven or pushed below the bottom of a borehole 
following completion of an increment of drilling. 

3.11.11 percussion driiing insertion method where rapid 
hammer impacts are performed to insert the sampling device. 
The percussion is normally accompanied with application of 
static down force. 

3.11.12 push depth the depth below a ground surface 
datum that the end or tip of the direct-push water sampling 
device is inserted. 

D. SDDDDDDoDDDDDe 
4.1 Direct-push water sampling consists of pushing a pro­

tected well screen to a known depth, opening the well screen 
over a known interval, and sampling water from the interval. A 
well point with an exposed screen can also be pushed with 
understanding of potential cross-contamination effects and 
purging requirements considered. A sampler with constant 
outside diameter is inserted directly into the soil by hydraulic 
jacking or hammering until sufficient riser pipe is seated into 
the soil to ensure a seal. Protected well screens can be exposed 
by retraction of riser pipes. While the riser is seated in the soil, 
water samples can be taken, and water injection or pressure 
measurements may be performed. 

D. SDDDDDcDDce DDD DDe 
5.1 Direct-push water sampling is an economical method 

for obtaining discrete ground-water samples without the ex­
pense of permanent monitoring well installation D1DDD.5 This 
guide can be used to pro le potential ground-water contami­
nation with depth by performing repetitive sampling events. 
Soils to be sampled must be permeable to allow lling of the 
sample in a relatively short time. The zone to be sampled can 
be isolated by matching well screen length to obtain discrete 

5 The boldface numbers in parentheses refer to a list of references at the end of 
this guide. 

samples of thin aquifers. Use of these sampling techniques will 
result in more detailed site characterization of sites containing 
multiple aquifers. By inserting a protected sampling screen in 
direct contact with soil and with watertight risers, initial well 
development (Guide D 5521) and purging of wells may not be 
required for the rst sampling event. Discrete water sampling, 
combined with knowledge of location and thickness of target 
aquifers, may better de ne conditions in thin multiple aquifers 
than monitoring wells with screened intervals that can intersect 
and allow for intercommunication of multiple aquifers 
DDDDDDDDDDD11D. Direct-push sampling performed without knowl­
edge of the location and thickness of target aquifers can result 
in sampling of the wrong aquifer or penetration through 
con ning beds. 

5.2 For sites that allow surface push of the sampling device, 
discrete water sampling is often performed in conjunction with 
the cone penetration test (Test Method D 5778) DDDDD, which  is  
often used for stratigraphic mapping of aquifers, and to 
delineate high-permeability zones. In such cases, direct-push 
water sampling is normally performed close to cone holes. In 
complex alluvial environments, thin aquifers may vary in 
continuity such that water sampling devices may not intersect 
the same layer at equivalent depths as companion cone 
penetrometer holes. 

5.3 Water sampling chambers may be sealed to maintain in 
situ pressures and to allow for pressure measurements and 
permeability testing DDDDD1DD. Sealing of samples under pres­
sure may reduce the possible volatilization of some organic 
compounds. Field comparisons may be used to evaluate any 
systematic errors in sampling equipments and methods. Com­
parison studies may include the need for pressurizing samples, 
or the use of vacuum to extract uids more rapidly from low 
hydraulic conductivity soils (8.1.5.3). 

5.4 Degradation of water samples during handling and 
transport can be reduced if discrete water sampling events with 
protected screen samplers are combined with real time eld 
analysis of potential contaminants. In limited studies, research­
ers have found that the combination of discrete protected 
screen sampling with onsite eld analytical testing provide 
accurate data of aquifer water quality conditions at the time of 
testing DDDDD. Direct-push water sampling with exposed screen 
sampling devices, which may require development or purging, 
are considered as screening tools depending on precautions that 
are taken during testing. 

5.5 A well screen may be pushed into undisturbed soils at 
the base of a drill hole and back lled to make permanent 
installed monitoring wells. Procedures to complete direct-push 
wells as permanent installations are similar to those given in 
Practice D 5092. These procedures allow for permanent sealing 
of riser pipe in the borehole. Some state or local regulations 
may not allow for certain types of direct-push installations as 
permanent monitoring wells depending on the application. 
Sometimes, where temporary well screens are inserted at the 
top of the ground water table, sealing an annulus may not be 
necessary. 

5.6 In difficult driving conditions, penetrating to the re­
quired depth to ensure sealing of the sampler well screen may 
not be possible. If the well screen cannot be inserted into the 
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soil with an adequate seal, the water-sampling event would 
require sealing in accordance with Practice D 5092 to isolate 
the required aquifer. Selection of the appropriate equipment 
and methods to reach required depth at the site of concern 
should be made in consultation with experienced operators or 
manufacturers. If there is no information as to the subsurface 
conditions, initial explorations consisting of penetration-
resistance tests, such as Test Method D 1586, or actual direct-
push testing trials can be performed to select the appropriate 
testing system. 

5.6.1 Typical penetration depths for a speci c equipment 
con guration depend on many variables. Some of the variables 
are the driving system, the diameter of the sampler and riser 
pipes, and the resistance of the materials. 

5.6.2 Certain subsurface conditions may prevent sampler 
insertion. Penetration is not possible in hard rock and usually 
not possible in softer rocks such as claystones and shales. 
Coarse particles such as gravels, cobbles, and boulders may be 
difficult to penetrate or cause damage to the sampler or riser 
pipes. Cemented soil zones may be difficult to penetrate 
depending on the strength and thickness of the layers. If layers 
are present that prevent direct push from the surface, the rotary 
or percussion drilling methods (Guides D 5781, D 5782, 
D 5783, and D 5784, D5785, D5786, and see 2.2) can be 
employed to advance a boring through impeding layers to 
reach testing zones. 

5.6.3 Driving systems are generally selected based on re­
quired testing depths and the materials to be penetrated. For 
systems using primarily static reaction force to insert the 
sampler, depth will be limited by the reaction weight of the 
equipment and penetration resistance of the material. The 
ability to pull back the rod string is also a consideration. Impact 
or percussion soil probing has an advantage of reducing the 
reaction weight required for penetration. Penetration capability 
in clays may be increased by reducing rod friction by enlarging 
tips or friction reducers. owever, over reaming of the hole 
may increase the possibility of rod buckling and may allow for 
communication of differing ground-water tables. and-held 
equipment is generally used on very shallow investigations, 
typically less than 5-m depth, but depths on the order of 101 m 
have been reached in very soft lacustrine clays. Intermediate 
size driving systems, such as small truck-mounted hydraulic-
powered push and impact drivers, typically work within depth 
ranges from 5 to 30 m, but can reach depths on the order of 102 

m. eavy static-push cone penetrometer vehicles, such as 
20-ton trucks, typically work within depth ranges from 15 to 45 
m, and also reach depth ranges on the order of 102 m in soft 
ground conditions. Drilling methods (Guides D 5781, D 5782, 
D 5783, D 5784, D 5875, D 5876, and also see 2.2) using 
drilling and incremental sampling are frequently used in all 
depth ranges and can be used to reach depths on the order of 
103 m.

 TE 1 U sers and manufacturers cannot agree on depth ranges for 
different soil types. Users should consult with experienced producers and 
manufacturers to determine depth capability for their site conditions. 

5.7 Combining multiple-sampling events in a single-sample 
chamber without decontamination (Practices D 5088) is gen­
erally unacceptable. In this application, purging of the chamber 

should be performed to ensure isolation of the sampling event. 
Purging should be performed by removing several volumes of 

uid until new chemical properties have been stabilized or 
elements are ushed with uid of known chemistry. Purging 
requirements may depend upon the materials used in the 
sampler and the sampler design. 

D. DppDDDDDD 
6.1 ieneral A direct-push sampling system consists of a 

tip; well screen; chambers, if present; and riser pipes extending 
to the surface. Direct-push water sampling equipment can be 
grouped into two classes, either with a sealed protected screen 
or exposed screen. Samplers with sealed screens depend on the 
seal to avoid exposure of the sampling interval to soil or water 
from other layers. They can be considered as accurate point-
source detectors. They are normally decontaminated between 
sampling events. Exposed-screen samplers may require purg­
ing and development and as such are considered as screening 
devices for pro ling relative degrees of contamination. 

6.1.1 ixposediicreen iamplers Some direct-push sam­
plers may consist of a simple exposed well screen and riser 
pipe that allows grab sampling with bailers or pumps. An 
example of this arrangement is the simple push or well point 
shown in Fig. 1.  D1DD. The practice of jetting well points is 
often not acceptable due to the large quantities of water used 
for insertion and the resulting potential for disturbance and 
dilution in the aquifer. If water is used for insertion, knowing 
the chemical constituents in the water may be necessary. Bias 
may be possible if an exposed-screen sampler is pushed 
through multiple contaminated layers. If exposed-screen well 
points are pushed through predrilled holes the screen and riser 
may ll with water present in the drill hole and require purging 
before sampling. 

6.1.1.1 Another form of an exposed-screen sampler has 
been incorporated into cone penetrometer bodies DDD. The cone 
penetrometers have sample chambers with measurement de­
vices such as temperature and conductivity. Some cone pen­
etrometers have been equipped with pumps for drawing in 
water samples into sample chambers or to the surface. Sam­
plers equipped with chambers and subjected to multiple 
sampling events may require purging between sampling 
events. Although several of these designs have been proposed, 
they have not been successful in production practice. This is 
because of lengthy and time consuming purging requirements. 
In most cases, purging requirements and the depths of testing 
may be such that single-sampling events without cone pen­
etrometers may be more economical than multiple-sampling 
events requiring purging. 

6.1.2 iealediicreen iamplers Protected well screen and 
simple riser pipes for grab sampling are also deployed. An 
example is shown in Fig. 2  D1DDThis simple well screen . 
arrangement allows for grab sampling through the riser pipe 
without purging or development if there is no leakage at the 
screen seals and riser pipes. Fig. 3 shows a schematic of a 
direct-push water sampler with a protected screen and with the 
ability to work in the grab sampling mode or by allowing water 
to enter a sample chamber in the sampler body D1DMost . 
simple sample chambers allow for ow through the chamber. 
When ow through chambered samplers is opened, it is 
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possible that the ground water from the test interval can ll into 
the rods above the chamber. In those cases, it may be advisable 
to add water of known chemistry into the rods prior to opening 
the screen. Some protected-screen samplers have sample 
chambers designed to reduce volume and pressure changes in 
the sample to avoid possible volatilization of volatile com­
pounds DDDDD1DD. The need for pressurization is dependent on 
the requirements of the investigation program and should be 
evaluated by comparison studies in the eld with simpler 
systems allowing the sample to equalize at atmospheric pres­
sure. There are different approaches to pressurizing the sample 
chamber including use of inert gas pressure or using sealed 
systems. An example of a sealed vial-septum system is shown 
in Fig. 4 DDD. In the sealed vial system, a septum is punctured 

– 96 (2002) 

with a hypodermic needle connected to a sealed vial. With this 
approach the vial will contain both a liquid and gas at aquifer 
pressure. The sealed vial-septum system has been used in an 
exposed-screen mode. 

6.1.3 iaterials of ianufacture The choice of materials 
used in the construction of direct-push water sampling devices 
should be based on the knowledge of the geochemical envi­
ronment to be sampled and how the materials may interact with 
the sample by means of physical, chemical, or biological 
processes. Due to the nature of insertion of these devices, the 
sampler body is typically comprised of steel, stainless steel, or 
metals of other alloys. The type of metal should be selected 
based on possible interaction effects with the uid to be 
sampled. Well-screen materials can be selected from a variety 
of materials. Materials commonly used for well-screen ele­
ments include steel, stainless steel, rigid polyvinyl chloride 
(PVC), polytetra uorethylene (PTFE), polyethylene (PE), 
polypropylene (PP), and brass. Sample chambers, pumps, and 
connector lines are also constructed with a variety of materials. 
Evaluating the possible interaction of materials that will be 
exposed to the water during the sampling event is important. 

6.2 iampler iody The sampler body consists of a tip, and 
a barrel that consists of well screen, a protective sleeve if used, 
and a sampling chamber if used, with a connector assembly to 
attach to riser pipes. The sampler is normally constructed of 
steel to withstand insertion forces. The sampler barrel should 
be of constant outside diameter to ensure intimate contact with 
the soil to be tested. Protective sleeves shall be equipped with 

-rings to prevent the ingress of water before the sampling 
event. 

6.2.1 ixpendable iampler Tips Some sampler tips are 
expendable and are left in the ground after the sampling event. 
The tip should be equipped with an -ring seal to the sampler 
sleeve to prevent leakage into the riser pipe until the sampling 
depth is reached. 

6.2.1.1 Sampler tips are designed so that upon pull back of 
the sampler body and riser pipe, the tip is disconnected from 
the sampler. The required diameter, and the ability to expend 
the tip successfully, depends on the soils to be penetrated. The 
tip diameter can be set equal to, or slightly less than, the 
sampler body. If there are problems with tip retraction, tips can 
be  designed with  a diameter of 1 to 3 mm (1 8 to 1 16 in.) larger 
than the sampler body. The use of an enlarged diameter with a 
larger shoulder or tip may help in reaching greater depths 
because it acts as a friction reducer. An enlarged tip should not 
leave too large an annulus above the sampler body and riser 
pipes as to maintain a seal above the well screen and to prevent 
potential cross contamination. 

6.2.1.2 Most sampler tips are made of steel to withstand 
pushing forces. With some samplers, after the sampling event, 
the tip may remain in the ground and the hole may be grouted. 
The user should consider if leaving the tips below the ground 
will adversely affect surrounding ground-water chemistry de­
pending on site conditions. 

6.2.2 iell icreen Many materials for well screens are 
available for direct-push samplers. The material of manufac­
ture should be selected with consideration of chemical com­
position of the ground water to be sampled and possible 
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The asse�bled Sa�pler is �xtension rods are �sed to hold The t�bing check valve Abandon�ent gro�t-
driven to the desired sa�pling the screen in position as the Cas- can be �sed to sa�ple  ing can be cond�cted 
depth �sing standard rods. ing P�ller Asse�bly is �sed to gro�nd�ater. to �eet ASTM re-

retract the rods. ��ire�ents. 
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interactive effects (see 6.1.3). Some samplers use simple mill 
slotted steel, or PVC tube. Steel or brass screen formed into a 
cylinder can be used to cover inlets. Continuous-wrapped, 
wire-wound well points are also commonly used. The effective 
opening size of the well screen material should be selected 
based on the material to be sampled, the time required to 
sample, and soil sediment that can be tolerated in the water 
sample. Methods to size well-screen and lter-pack materials 
are given in Practice D 5092. Clean sands and gravels can be 
sampled with a screen with larger openings without producing 
excessive sediment. Clayey and silty soils containing nes may 
require ner openings. Typical openings of 10 to 60 m are  
used. Finer openings will reduce sediment but may also slow 
ingress of uid. 

6.2.3 Some sampler inlets are not protected by well screen 
or slotting. The simplest form of sampler can be an open riser 
pipe with an expendable tip. The use of unprotected inlets has 
sometimes been useful to sample ground water at soil bedrock 
interface. If unprotected inlets are used, one must consider the 
amount of soil sediment that can be tolerated in the sample. 

6.3 iiser iipes Also commonly referred to as  push rods 
or extension rods , riser pipes are normally constructed of 
steel to withstand pushing forces. Some temporary well-point 
installations may use a double-tube system such as a small-
diameter PVC riser pushed by the steel tube (Fig. 5) D1DD. 
Double-tube systems are advantageous if multiple sampling 
events are required in a single push. ther temporary systems 
may use a exible tubing system connected to the well point 
(Fig. 6) D1DD. For PVC riser pushed with outside steel tubing, 
the withdrawal of steel push rods will leave a small annulus 
between the soil and PVC riser or tubing. This annulus may 
require grouting depending on the effective seal above the well 
screen and the possibility of cross contamination of overlying 
layers. Cone penetrometer rods as speci ed in Test Method 
D 5778 are sometimes used in sampling systems deployed with 
cone penetrometer equipment. arger diameter rods, typically 
45 mm (1.75 in.), are sometimes used with cone penetrometer 
equipment. The maximum rod diameter that can be used 
depends on the material to be penetrated and the driving 
system. Increased rod diameter causes increase in the required 
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A Penetro�eter closed �hile being driven into position.
 
B Tool opened and 5 �oot screen telescopes into position �or collec-
tion o�hydrocarbon or �ater sa�ple at the very top o�the a��i�er.
 
C Hydrocarbon sa�ple being collected �sing bailer lo�ered thro�gh
 
drive casing.
 

DDDDDDDD DDDDDDD DDDDD DD DDDD  DDD  

A Penetro�eter closed �hile being driven into position. 
B Cone separated and tool open to collect sa�ple. 

C Check valves closed as sa�ple is retrieved �ithin body o�the 
tool. 

DDDDDDDDDDDDDD DDDDDD DDDDDDDDDDDDDDDDD DDDDDD DD DDDD DDDDDDDDDDDDDDDDD DDDDD(1) 

driving force required to penetrate a sufficient distance. Most 
surface direct-push riser pipes are less than 50 mm (2 in.) in 
diameter. 

6.4 Standard drilling rods used for rotary drilling are nor­
mally used when sampling is done at the base of drill holes. 
Many drill rods are available (see Guides D 5781, D 5782, 
D 5783, D 5784, D 5875, D 5876, and also see 2.2). For 
direct-push sampling systems that depend on the riser pipe for 
grab sampling within the riser, ensuring that joints are water­
tight will be necessary such that water enters through the well 
screen interval to be sampled. Rods should be wrench-
tightened, and PFTE tape can be used on the threads to stop 
leakage. The quality checks discussed in Section 8 can be 
performed to evaluate possible leakage. Sometimes it may be 
necessary to equip rod joint shoulders with -rings to prevent 

leakage. Cone penetrometer rods with precision tapered 
threads are normally watertight during short sampling events 
lasting up to 1 h if they are  not  damaged.  

6.4.1 iriction ieducers Friction reducers that have en­
larged outside diameters of the riser pipe are sometimes 
employed to reduce thrust capacity needed to advance the well 
point or sampler. If friction reducers are used, they must be a 
sufficient distance above the sampling location to ensure that 

uids from overlying layers can enter the sampling zone. If 
cross-contamination is possible, use of friction reducers should 
be avoided. In some cases the use of friction reducers can help 
in forming an annular seal. Donut-type reducers ream the hole 
smoothly. ug-type reducers rip and remold the soil and may 
provide a better annular seal. The type and location of friction 
reducers should be documented in the project report. 
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Sa�ple CollectionClosed Position Open Position Con�g�ration 

DDDDD DDDDDDDDD DDDDDD DDD DDDDD DDD DDDDDD DDDDDDDDDD (D) 

6.4.2 iud Injection Some direct-push systems inject be­
tonite drill uid along the drill rods to reduce friction. These 
systems normally inject the uid behind friction reducers. 
These systems may provide better sealing above the sampler 
for the sampling process but are also more difficult to operate. 

6.5 iampling ieiices Methods to obtain water samples 
vary widely. Examples are given in 6.1.1 and 6.1.2. Simple 
grab samplers, most often bailers, are used with simpler 
systems. ther systems draw water into chambers or sealed 
vials for retrieval to the surface. Some systems may have 
pumps and circulation systems to retrieve samples to the 
surface. The materials of manufacture of samplers, sample 
containers, pumps, and circulation lines should be selected 
considering possible interaction effects discussed in 6.1.3. 
Selection of devices for sampling ground water is presented in 
Guide D 4448. Sampling methods and devices should be 
selected based on the potential impact on sample integrity as 
addressed in 6.1.3 and other areas in Guide D 4448. 

6.6 iample iontainers Sample containers for sampling 
ground water are addressed in Guide D 4448. 

6.7 iriiing or iushing iiuipment Soil probing (percus­
sion driving) systems, penetrometer systems, and rotary drill­

ing equipment are used for inserting direct-push water sam­
pling devices. The equipment should be capable of applying 
sufficient mechanical force or have sufficient reaction weight, 
or both, to advance the sampler or screen to a sufficient depth 
to ensure an effective seal above the area to be sampled. The 
advancement system must also have sufficient retraction force 
to remove the rods, which is often a more difficult task than 
advancing the rods. Simple advancement systems include 
hand-held rotary-impact hammers with mechanical-extraction 
jacks. Many systems use hydraulic- or vibratory-impact ham­
mers operating at high frequency to drive rods into the 
sampling interval. Reaction force can be reduced if impact 
hammers are employed. Multipurpose driving systems such as 
those commonly deployed for soil gas sampling (Guide 
D 5314) are frequently used in shallow explorations. Some 
vibratory drilling systems can provide vibration to the rods and 
easily penetrate cohesionless soils. n soft ground sites, cone 
penetrometer systems use hydraulic rams to push the sampler 
and riser pipe into the ground. Conventional rotary drilling rigs 
can use either hydraulic pull-down capability or hammers to 
drive the sampler to the required depth. Rotary drilling rigs are 
often used with the incremental drilling and sampling method. 
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A140-lb SPT hammer (Test Method D 1586) is available on 
most rotary drilling rigs and can be used to advance the 
sampler. Use of impact or vibration may allow for penetration 
of harder soils. If a signi cant length of rods whip during 
driving, they should be restrained to prevent damaging of the 
annular seal at the base of a borehole from lateral movement. 

D. DoDDDDDoDDDD 
7.1 iecontamination Sampling equipment that contacts 

ground water to be sampled before and after the sampling event 
may require decontamination. Decontamination should be 
performed following the procedures outlined in Practices 
D 5088 and the site-sampling plan. The sampler body normally 
requires complete decontamination before sampling. Well-
screen components are sometimes expendable. ewly manu­
factured screens and sampler components may contain residues 
from manufacture and should be cleaned before the sampling 
event. Riser pipes should be decontaminated if grab sampling 
will be performed within the tube. 

7.2 iurging For exposed-screen sampling devices and 
sampling systems open to overlying ground water, purging 
may be required before the sampling event. With both 
protected- and exposed-screen samplers, purging may be 
required if ground water from overlying sources in ltrates into 
the riser pipes into the sampling area. Purging should consist of 

DDDD6 DDDDDDDDD DDDDDD DDD DDDDD DDD DDD  DDD DDDDDD (1D) 

removal of overlying ground water from the sampling system 
prior to the sampling event. Purging requirements are outlined 
in Guide D 4448. 

D. DDoceDDDe 
8.1 Two procedures are outlined depending on whether the 

sampling device is pushed directly from the surface or whether 
drilling is used to advance an open hole close to the sampling 
interval. In either event, the sampling screen should be 
advanced into undisturbed soil a sufficient distance to ensure 
that the sampling depth cannot be exposed to overlying ground 
water, if present. 

8.1.1 Incremental irilling and iampling In this method, 
advance a drill hole close to the sampling interval using drilling 
methods listed in 2.2. f the drilling methods listed, the most 
commonly employed is rotary hollow-stem auger drilling 
because uids are not introduced during the drilling process. If 
a rotary drilling method using drilling uid or air is employed, 
the impact of the uid or air to the sample quality and quality 
of the surrounding aquifer should be considered. If caving or 
sloughing occurs the use of protective casings may be required. 

8.1.1.1 Stabilize the drill rig and erect the drill rig mast. 
Establish and document a datum for measuring hole depth. 
This datum may consist of a stake driven into a stable ground 
surface, the top of the surface casing, or the drilling deck. Do 
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not use surface casing as a datum if it is subject to movement. 
If the hole is to be later surveyed for elevation, record and 
report the elevation difference between the datum and the 
ground surface. Proceed with drilling until a depth is reached 
above the target sampling interval. Check and document the 
depth of the borehole and condition of the base of the hole. 
Establish the depth and condition of the base of the boring by 
resting the sampler at the base of the boring and checking depth 
to the sampler tip. If casing is used and heave occurs into the 
casing, remove this material and advance the hole deeper. 

eave of soil into the casing may make it impossible to drive 
the well point without it carrying the casing along with the well 
point or sampler. If excessive heave, caving, or sloughing of 
soil occurs, consider using an alternative drilling method 
capable of maintaining stable soil conditions. 

8.1.2 If the sampling event is to occur at the ground-water 
table and equipment depends on a dry-hole condition, that is, 
an exposed screen sampler with no purging requirements, test 
the drill hole to con rm that ground water has not entered the 
hole. Water levels can be determined using Test Method 
D 4750. 

8.1.3 Attach the well point or sampler to riser pipes and 
lower into the borehole. Carefully record the assembly length 
as rod sections are added to the assembly. Centralizers may be 
used to maintain verticality of the assembly and to reduce rod 
whip. Rest the assembly on the base of the borehole. Determine 
and record the depth to the tip of the assembly. 

8.1.4 Either push or drive the well point or sampler a 
sufficient distance below the base of the boring. This distance 
should be at least 1 m (3 ft), or the minimum to ensure an 
effective seal. For protected-screen samplers where a protec­
tive screen is exposed by pulling back the riser pipe, the 
withdrawal action may shear or crack soil, allowing connection 
to the base of the borehole. In these cases, adjust the insertion 
and retraction lengths according to soil conditions. In general, 
the sampler should be inserted at least three times the effective 
screen length from retraction. To check the seal in uid lled 
holes, tracers can be introduced into the uid in the base of the 
borehole. Document the nal depth of insertion to the tip of the 
sampler and midpoint of the well screen. If the sampler is 
driven with hammer blows, accomplish the penetration without 
excessive vibrations that could reduce the effective seal of the 
riser pipe above the well screen. ormally, if smooth penetra­
tion is accomplished with each hammer blow, the seal should 
be intact. 

8.1.4.1 The process of jetting well points is not preferred 
because of the addition of water, disturbance to the sampling 
zone, and lack of an effective seal above the screen. These 
installations are usually intended for permanent installations 
with the drill hole completed as a monitoring well. If jetting is 
used, document the approximate volume and chemical quality 
of water. 

8.1.5 iampling The sampling process depends on the type 
of the sampling equipment used, that is, exposed- or protected-
screen samplers. 

8.1.5.1 iampling of ixposediicreen iamplers Exposed-
screen samplers can be sampled after uids have been purged 
from the screen and riser pipes. Purge these systems in 
accordance with Guide D 4448. 

8.1.5.2 iampling of irotectediicreen iamplers Test  
protected-screen samplers that are open to the surface through 
the riser for grab sampling for system leakage before exposing 
the screen for sampling. Before screen exposure, test the riser 
for presence of water that may have leaked through joints and 
connections using Test Method D 4750. If water is present 
from unknown sources, this should be noted and either purging 
or abandoning of the test should be considered. After quality 
checks for leakage, the riser pipes may be pulled or twisted to 
expose the well screen to the aquifer. 

8.1.5.3 Several methods for sampling water are available. If 
the sampling device uses head pressure available in the aquifer, 
sufficient time should be allowed for water to ll the sampling 
chamber or riser pipes. Some systems allow for connection of 
a sealed sampling chamber, or tubing, to a port in the sampler 
body after the screen is opened, allowing direct connections to 
the screened sampling area. By using these systems, one may 
avoid the necessity to check inside the riser pipes for leakage 
water. Use of sampling pumps to draw in the sample may be 
allowed, but consideration should be given the changes in 
ambient pressures and temperatures that may change chemical 
compositions. With an open tube well screen using grab 
sampling in low permeability soils, a vacuum is sometimes 
applied to the top of the riser pipe to accelerate ground-water 
in ow. The use of a vacuum and its effect on chemical 
composition should be considered and evaluated if site require­
ments dictate. 

8.1.5.4 After a sufficient volume of the sample is obtained, 
place the samples in suitable containers for analysis. The 
volume of a sample to obtain depends on the chemical 
composition of ground water, testing protocols, and the data-
quality objectives. Depending on the screen used, samples may 
contain sediment and may require ltering before placement of 
samples in containers. Certain testing procedures or regulations 
may require ltration of water samples. 

8.1.6 After sampling, either retrieve the sampler or leave it 
in place for permanent installation in accordance with Practice 
D 5092. Some retrievable samplers leave a tip or a well screen 
element, or both, below the bottom of the boring. If repeated 
sampling events are to be performed in the same drill hole, 
drilling it through these pieces if present will be necessary. 
Depending on the drilling method, a pilot bit should be 
reinserted in the drill string and drilling continued to a depth 
exceeding the depth of the previous sampling event. ormally 
tips or screens, or both, will be moved to the side of the drill 
hole before the next sampling event. Sometimes the presence 
of a tip or element, or both, can be detected by drilling action. 
If drilling action detects these pieces, note the location. Drilling 
continues to the next depth of concern and sampling may be 
repeated. The depth of the extended drill hole should equal or 
exceed the depth to the sampling tip of the previous interval. 
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8.1.7 After the drilling is completed, the drill hole should be 
completed following guidelines in drilling methods (Guides 
D 5781, D 5782, D 5783, D 5784, D 5875, D 5876, and also 
see 2.2) or those given in Section 9. 

8.2 iirect iush from the iurface Well points and samplers 
may be advanced directly from the surface with multipurpose 
percussion driving systems, hand-held rotary percussion drills, 
cone penetrometer systems, or any other systems capable of 
supplying sufficient force to reach the depths of concern. 

8.2.1 Stabilize and level the rig for testing. For some 
tire-mounted equipment, the rig can be raised off the ground 
and leveled with hydraulic rams to lift the rig from the tires to 
avoid shifting during difficult driving conditions. Establish and 
document a datum for measuring hole depth. If the hole is to be 
later surveyed for elevation, record and report the height of the 
datum to the ground surface. 

8.2.2 The sampler body is connected to riser pipes along 
with any subassemblies such as friction reducers. Prior to 
driving, measure the length of the sampler assembly and riser 
pipes to determine the depth of sampling. Some temporary well 
systems drive a double tube or cased system, where riser pipe 
and casing are added as it is advanced. This allows for easy 
annulus grouting as the casing is retracted. The rods are then 
pushed using smooth quasi static push or impacts, or both. 
Additional riser pipes are added as pushing progresses. As 
driving progresses, operators should carefully record the rods 
added to ensure that sampling occurs at the correct depth. 

8.2.3 iampling of ixposediicreen iamplers Use the same 
procedures in accordance with 8.1.5.1. 

8.2.3.1 iampling of irotectediicreen iamplers Use the 
procedure in accordance with 8.1.5.2 with the addition that the 
riser pipes should be periodically checked for leakage using 
Test Method D 4750. 

8.2.4 After sufficient volume of a sample is procured, place 
the samples in suitable containers for analysis. The volume of 
the sample to obtain depends on the chemical composition of 
ground water, testing protocols, and the data-quality objectives. 
Depending on the screen used, samples may contain sediment 
and may require ltering before placement of samples in 
containers. 

8.3 After sampling, the sampler is either retrieved or left in 
place for permanent installation (Section 9). Some retrievable 
samplers leave a tip or a well-screen element, or both, at the 
bottom of the sounding. If repeated sampling events are to be 
done in the same hole, they must be done with samplers pushed 
to greater depths. 

8.4 After the testing is nished, complete the borehole 
following the guidelines in Section 9. 

D. DoDpDeDDoDDDDDDDDDoDDeDD 
9.1 iermanent or Temporary iell Installations Wells in­

serted by either drilling methods or direct push from the 
surface may be left in the ground as permanent or temporary 
installations. Some state or local regulations may not allow for 
certain types of direct-push installations as permanent moni­
toring wells depending on the application. If there are ques­
tions as to the performance of direct-push wells, they can be 
compared to wells installed using rotary drilling methods 
(Guides D 5781, D 5782, D 5783, and D 5784, D5875, D5876, 

and also see 2.2) in accordance with Practice D 5092. For wells 
inserted in drill holes, the drill hole will require completion 
with sealing materials to ensure a seal between the hole wall 
and riser pipes. Sealing procedures are given Practice D 5092. 

9.1.1 For wells installed by direct push from the surface, the 
need for sealing depends on the size of the annulus, ground­
water quality, and the ability for cross-contaminating or accel­
erating contamination movements among aquifer(s). Tempo­
rary well points installed into the top of the rst ground-water 
layer may only require surface sealing. If the annulus is very 
small, soil cave and squeeze may reduce effective vertical 
hydraulic conductivity. If the well riser intersects perched 
aquifers, cross-communication of aquifers may be possible if 
too large an annulus is left open. Communication can be 
evaluated by performing tracer tests, if necessary. Friction 
reducers used on cone penetrometer equipments may only 
increase hole diameters by 6 to 13 mm (1 4 to 1 2 in.) of that of 
the steel pipes for pushing. 

9.2 ither iompletion iethods Depending on the require­
ments of the investigation, performing special completions 
with protective casings or other sealing may be necessary. For 
holes using rotary drilling methods and incremental sampling, 
the hole could be completed as a monitoring well (Practice 
D 5092) or with grouted casings for other testing such as 
geophysical tests. Several methods are available for grouting of 
casings. Using injection grouting where injection is done at the 
base of the boring is most desirable and grouts are pumped up 
the annulus until they reach the surface showing a continuous 
seal. 

9.3 iole ibandonment For test holes where there are no 
installations or other completion methods, the hole should be 
abandoned following program requirements. The need for and 
the method of sealing for abandonment depends on state and 
local regulations, site conditions, ground-water quality, and the 
ability for cross-contaminating or accelerating contamination 
movements among aquifer(s). 

9.3.1 arge-diameter drill holes from rotary drill operation 
often require sealing. State, federal, and local regulations may 
dictate abandonment requirements for boreholes intersecting 
the water table. 

9.3.1.1 The need for sealing of holes is also dependent on 
geohydrologic conditions. If the hole intersects the top of the 

rst ground-water table, complete sealing may not be required. 
Under a homogeneous single aquifer system, where there are 
no perched water table or artesian conditions, there will be 
little hydraulic gradient to move potential contaminants at 
differing elevations. The worst case for possible cross-
communication of aquifers occurs under perched or con ned 
ground-water conditions. 

9.3.1.2 In most cases, direct-push holes intersecting ground­
water tables will require complete sealing. In cases where the 
hole is to be back lled completely, the condition of the hole 
should be evaluated and documented. Any zones of caving or 
blocking which preclude complete sealing should be docu­
mented. Displacement grouting may displace ground water 
from the hole to the surface. If this water is considered 
contaminated then provisions must be made to collect these 

uids at the surface. A minimum requirement for sealing 
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should be that the surface of the hole is sealed to prevent 
hazards to those at the surface and to eliminate direct move­
ment of surface contaminants to the water table through the 
hole. 

9.3.2 iompletion of irill ioles Com pletion of boreholes 
using drilling methods are addressed in Guides D 5781, 
D 5782, D 5783, D 5784, D 5875, D 5876, and also see 2.2. 

9.3.3 iompletion of iurface iirectiiush ioles Several 
methods have been used successfully for sealing or grouting of 
surface direct-push holes D1DDThe method of grouting de­. 
pends on the types of equipment deployed and the subsurface 
conditions encountered. 

9.3.3.1 ne method of grouting is retraction grouting di­
rectly through the sampler tip or friction reducer as the sampler 
is withdrawn after the sampling event. Tip retraction grouting 
is normally performed through small diameter tubes and a 
knockoff tip. Tip retraction grouting is the least frequently used 
due to difficulty in pumping grout mixtures without signi cant 
head loss through the tubing. Cement grouts for tip retraction 
grouting may require higher water content or additives to 
reduce viscosity. 

9.3.3.2 Retraction grouting is sometimes performed through 
grouting points above the sampler tip. This is normally 
accomplished using an enlarged diameter grouting port above 
the sampler as shown in Fig. 7. 

9.3.3.3 Reentry grouting may have an advantage of freeing 
pushing equipments for production while grouting operations 
follow. Reentry grouting allows temporary connection of 

DDDDD DDDDDDDD DDDDDDD DDDDDDD DDDDDDDD DDDDDDDD(1D)  

aquifers between the removal and reinsertion process but is 
normally acceptable if grouting follows promptly minimizing 
exposure. The selection of retraction or reentry grouting is an 
economic decision and it depends on site conditions and depth 
of soundings. 

9.3.3.4 In reentry grouting, Fig. 8 and Fig. 9, the test string 
is completely withdrawn from the hole and a secondary 
grouting tube or tubing is reinserted to the complete depth of 
the hole. If the hole remains open after retraction of the test 
string, inserting exible tubing or small-diameter PVC into the 
hole by hand directly after testing may be possible. In this case, 
reinserting the grout line is desirable close to the original depth 
of the hole. In some cases, depending on project needs, 
locations of water bearing strata, and soil stratigraphy, it may 
be acceptable if the grout line does not reach the bottom of the 
hole. 

9.3.3.5 Usually, with squeezing clays or caving sands, 
reaction equipment may be required to push rigid tubing of 
steel or plastic with a sacri cial or grouting tip to the complete 
depth of the hole (Fig. 8 and Fig. 9). The reentry string should 
follow the original hole alignment because it is the path of least 
resistance. If deviation is suspected, it should be reported. If a 
knockoff tip is to be retracted in high hydraulic conductivity 
sands it may be necessary to add grout into rods prior to tip 
retraction to avoid water lling the rods. Grout is then pumped 
through the hole until it rises to the surface, or tremie grouting 
is performed by maintaining a grout column in the rods as they 
are removed. Grouting is continued to maintain a full hole as 
tubing is withdrawn. The simplest method of sealing a direct-
push hole in stable materials is to place dry materials by 
pouring or placing directly into the open hole after testing. This 
method is normally only acceptable in stable clay soils where 
the hole remains open after testing. This method is not 
acceptable if there are zones of hole caving or squeezing or 
there is appreciable presence of ground water in the hole. The 
holes can be probed with small-diameter rods to evaluate these 
conditions. Smalldiameter granular bentonite is normally used 
in this application. 

9.3.3.6 Direct-push water sampling holes can be grouted 
with either cement or bentonite grouts. The grout consistency 
may have to be wetter than standard mixes used for sealing 
boreholes (Practice D 5092). There has been no research to 
con rm the best proportions. A typical mixture is 1 sack of 
Portland  cement to 19 to 22  (5  to 8 gal) of water. Bentonite  
is added in a small percentage, 2 to 5 , to reduce shrinkage. 
Typical bentonite-based mixtures consist of 22.7 kg of dry 
powered bentonite to 50 to 200 (24 to 55 gal) of water. It is 
difficult to mix dry high-yield bentonite without good circula­
tion equipment and time to allow for mixing and hydration. 
Pre-hydrated bentonite is easier to mix. Some bentonites 
contain additives that may not be acceptable for grouting use 
and the user should check with regulators to ensure sealing 
products are acceptable. 

9.3.3.7 Record the volumes of grout injected and compare 
them with theoretical hole volumes. ften the grouting pres­
sure at depth is unknown due to head losses through pipes, 
grout tubing, and connections. Pressure grouting equipments 
should at a minimum include a pressure gage at the surface. To 
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avoid excessive hydraulic fracturing of the units, downhole 
pressures should be restricted to 1 2 psi per foot of hole depth. 
Record any unusual changes in grouting pressures that may 
suggest the presence of obstructions, caved zones, or occur­
rence of fracturing. 

1D. DDeDDDepoDDDDDDDoDecDDoDDDoD 
10.1 Report information recommended in Guide D 5434 

and identi ed as necessary and pertinent to the needs of the 

exploration program. Information is normally required for the 
project, exploration type and execution, drilling equipment and 
methods, subsurface conditions encountered, ground-water 
conditions, sampling events, and installations. Some of the data 
collected during these investigations may be reported as data 
elements for describing ground-water sites (Practice D 5254, 
and Guide D 5474). 

10.2 ther information besides that mentioned in Guide 
D 5434 should be considered if deemed appropriate and 
necessary to the needs of the exploration program. Additional 
information should be considered as follows: 

10.2.1 irilling iethods If rotary drilling methods are 
used for predrilling holes, report information particular to the 
drilling methods as outlined in Guides D 5781, D 5782, 
D 5783, D 5784, D 5875, D 5876 , and also see 2.2. 

10.2.2 iercussion iriiing and ienetrometer iiuipment 
For equipment used for surface direct push, report the equip­
ment type, make, model, and manufacturers. Report conditions 
during push of the sampler such as the occurrence of hard 
layers. Report datums established for monitoring depth of 
penetration. For combined cone penetrometers and water-
sampling devices, report cone-penetration information in ac­
cordance with Test Methods D 3441 and D 5778. 

10.3 iampling: 
10.3.1 iiuipment Re port the types of sampling equipment 

used including materials of manufacture of the components. 
Provide dimensions of the equipment including outside diam­
eter, screen length and diameter, and friction reducers. Report 
methods for cleaning of the equipment before and after 
sampling. ote materials left in the hole or discarded between 
sampling events. Report any purging or development actions 
taken before the sampling event. 
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10.3.2 When water sampling is performed at the base of the 
borehole, report the condition of the base of the hole before 
sampling, and report any slough or cuttings present in the 
recovered sample. 

10.3.3 During insertion of the sampler or well point, note 
any difficulties in advancing the point and retraction of a 
protective sleeve. Report the retraction distance for protected-
screen samplers. If the sampler cannot be advanced more than 
the minimum required distance of the sampler given in 8.1.4, 
report the distance driven. ote and record sampling depths 
including depths to the tip and midpoint of the well screen. 

ote any unusual occurrence during sampling such as uid 
exposure, or evidence of cross-contamination contained in the 
samples recovered. ote and record the volume of the sample 
taken and other sample handling and preservation methods 
taken. 

10.3.4 Report any measurements of water samples routinely 
performed in the eld. These measurements may include 
temperature, P , and conductivity. Report methods of testing, 
calibrations, and equipment used. 

10.4 iompletion and Installations A description of 
completion materials and methods of placement, approximate 
volumes placed, intervals of placement, methods of con rming 
placement, and areas of difficulty or unusual occurrences. 

11. DDecDDDoDDDDDDDD 

11.1 The precision and bias of this method have not been 
established. Due to variability of subsurface conditions, com­
parative studies of differing approaches to direct-push sam­
pling have not been statistically signi cant, because site spatial 
variability exceeded differences between methods DDDCom­. 
parisons between water samples obtained from direct-push 
samples and standard-monitoring wells have been favorable 
D11D. Additional studies are needed and are actively pursued by 
Subcommittee D18.21. 

1D. DeDDoDDD 

12.1 direct-push; water sampling; well point 
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Groundwater Sampling 
SP1 5/16 GROUNDWATER SAMPLERS 

The Screen Point 15/16 Groundwater 

Samplers are used to collect groundwater 

samples from Llnconsolidared materials at 

depths ranging from near ground surhcc 

to over 100 feet below grade. The depth 

that can be reached with the SPIS/16 

samplers is a function of rhe equipment 

and methods being used to advance d1e 

sampler (manual, static vehicle weight, or 

percussion probing), the formation being 

penetrated, and operator experience. 

Groundwater Sampling Tools 

Geoprobe Systems&l offers groundwater 

sampling cools to help characterize the 

water quality and extent of potential 

contamination during environmental 

assessments and investigations in 

unconsolidated soils and sediments. The 

groundwater samplers are installed 

temporarily, a sample is collected, slug 

rests may be conducted, and then rhe 

sampler is removed, decontaminated, and 

used ar rhe next location . Most of the 

grollndwarer samplers permit you to· 

conduce bottom-up grouting to meet 

regulatory requirements for borehole 

abandonment. These simple, cost­

effective tools have changed the way many 

environmental assessments and remedial 

investigations are conducted. You no 

longer have to install a large-diameter wdl 

with costly drilling methods that generate 

drums fuJl of contaminated cuttings, all 
just to get 40 milliliters ofwater for a 

VOA analysis. Simpler can be better ... 

smarter ... and less expensive. 

T he family of Geoprobe&J groundwater 

samplers includes the Screen Point 15 and 

Screen Point 16 samplers, Mill-Slot 

Samplers, the Groundwater Profiler, the 

Ada Proftler, and the DT21 Groundwater 

Profiler. 

Manufactured 11nder 
Patent No. 5,612,498 
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Global Environmental in Rapid 
City, SO, used the SP15 

Groundwater Sampler at three 
Superfund sites. They 

su<cessfully sampled to 128 feet 
using the SP15 and their 
Geoprobe"' Model 66DT. 

Geo probe Systems·• 



Groundwater Sampling 
SP15/16 GROUNDWATER SAMPLERS 

.. I 

~ Screen Point 15 &Screen Point 16 Samplers 

Groundwater Sampling Using the SP15/16 System 
The Screen Point 15 groundwater sampling system has been the most formation can be set from jusc a few inches co as much as 41-lnches to 
widely used direct push system for environmental groundwater let you select the sampling zone. Additionally, the same screens 
investigations for several years. Now Geoprobe Systems"' has added the (Stainless Steel or PVC) can be used in both samplers. The grout plug at 
Screen Point 16 system (1.6 in. OD screen sheath) which is designed for the base of the screen makes it possible to conduct bottom up grouting 
use under the more powerful GH60 hammer with the heavier 1.5 in. with bentonite slmries or neat cement using any of the Geoprobe"' GS 
probe rods. These protected screen samplers have only five parts, Series grout machines. A printed standard operating procedure for the 
including the grout plug, plus a few 0-rings. Using either of these tools SP15116 samplers is available free upon request. Ask for Technical 
with 0-rings on the rod fic£ings enables you m collect representative Bulletin No. 95-1500. 
groundwater samples &om a discrete interval using a bailer, bladder 
pump or other device. The length of the screen exposed ro the 

Nylon tubing 
Operator holds connects to 

down on extension Grout machine 
rods to keep meen 

in place as tool 
string is retracted.Drive Cap· 


Operator oS<illates 

tubing up and down to 


Toot string is retracted as
bring groundwater 

grout is pumped from
sample to surface 

lower end of me!nProbe Rod 

Extension rods Poly tubing 
Nylon tubingpass throughDrive Head extends through 

carries grout tosampler to sampler to bottom 
bottom oftoolbottom of ofscreen 

stringscreen 

Internal threads 
attach grout nonle 

LNAPL ltlAPL to nylon tubing 
--B--'L SWLS\IJL 

Grout Nozzle
Sampler Sheath 


Stainless steel 
 Exposed Screen 

orPVCsaeen (;rout is discharged
Check Ball below screenScreen Push Adapter Tubing CheckExpendable Grout plug is knockedValveEMpen.dable dr~ve ~Oritre Point from bottom of screenpomt remams{Steel or before groutingdownholeAluminum) 
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Groundwater Sampling 
SP15/SP16 SAMPLERS 

Screen Point 15/16 Parts and Accessories 
The SP15 Groundwater Sampler is designed fur use with I in. or 
1.25 in. probe rods under GH40 series hammers while the SPI6 sampler 
is designed for use with the 1.5 in. rods under the GH60 hammer. 
Recharge of groundwater to the sampler is primarily controlled by the 
formation. In coarse-grained sandy materials it is possible to purge up to 

Screen Point 15 Sampler Parts 
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GW15SSALK GW1S52K 
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Saeen Push Adapter \ Grout Plug Push Adapter 
GW1535 ~ GW1540L 
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SP15/16 Accessories 

one liter per minute from the SPIS/16 samplers using the tubing check 

valve. While in formations with high proportions of fine silts and clays 

more time may be required for recharge and to allow the water level in 

the sampler to come to equilibrium with the screened formation. These 

tools may also be used co conduct slug rests over discrete intervals (see 

Chapter 10). 


Screen Point 16 Sampler Parts 
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The Screen Push Adapttr is used at the end of the lead 
Grout Nozzle extension rod to hold the screen in position as the probe rods 
GW1545 and sheath are retratted. The Grout Plug Push Adapter is used 

to kno<k out the grout plug after sampling is completed to 
I! ) allow for bottom-up grouting using the Grout Nozzle, tremie 

tube and grout pump. 
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pGeoprobe Systems' 

Geoprobe411 and Geoprobe Systems<~P,Macro-Core" and Direct lmage411 are 

Registered Trademarks of Kejr, Inc., Salina, Kansas 


Geoprobe411 Prepacked Screens are manufactured under 
U.S. Patent No. 7,735,55382. 

() 1999-2011 Kejr, Inc, 
1\~L RIGHTS RESERVED. 
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1.0 OBJECTIVE 

The objective of this procedure is to install a permanent, small-diameter groundwater monitoring well that 
can be used to collect water quality samples, conduct hydrologic and pressure measurements, or perform 
any other sampling event that does not require large amounts of water over a short period of time (e.g. 
flow rate > 1 liter/minute). These methods meet or exceed the specifications discussed for direct push 
installation of permanent monitoring wells with prepacked screens in the U.S. Environmental Protection 
Agency's guidance document, Expedited Site Assessment Tools For Underground Storage Tank Sites, (EPA, 1997) 
and ASTM Standards D 6724 (ASTM, 2002) and D 6725 (ASTM, 2002). 

2.0 BACKGROUND 

2.1 Definitions 

Geoprobe® Direct Push Machine: A vehicle-mounted, hydraulically-powered machine that uses static 
force and percussion to advance small-diameter sampling tools into the subsurface for collecting soil 
core, soil gas, or groundwater samples. The Geoprobe® brand name refers to both machines and tools 
manufactured by Geoprobe Systems®, Salina, Kansas. Geoprobe® tools are used to perform soil core and 
soil gas sampling, groundwater sampling, soil conductivity and contaminant logging, grouting, materials 
injection, and to install small-diameter permanent monitoring wells or temporary piezometers. 
*Geoprobe® and Geoprobe Systems® are registered trademarks ofKejr, Inc., Salina, Kansas. 

1.0-inch x 2.5-inch OD Prepacked Well Screen (1.0-inch prepack): An assembly consisting ofa slotted 
PVC pipe surrounded by environmental grade sand contained within a stainless steel wire mesh cylinder. 
The inner component of the prepacked screen is a flush-threaded, 1.0-inch Schedule 40 PVC pipe with 
0.01-inch (0.25 mm) slots. Stainless steel wire mesh with a pore size of0.011 inches (0.28 mm) makes up the 
outer component of the prepack. The space between the inner slotted pipe and outer wire mesh is filled 
with 20/40 mesh silica sand. Geoprobe® 1.0-inch x 2.5-inch prepacks are available in 5-foot sections and 
have an outside diameter of 2.5 inches (64 mm) and a nominal inside diameter of 1.0 inches (25 mm). 

The 1.0-inch prepack is also available in a "field pack" configuration in which the user adds sand to the screen 
prior to installation. This reduces shipping weight by approximately 12.3 pounds (5.6 kg) per screen. 

1.5-inch x 2.5-inch OD Prepacked Well Screen (1.5-inch prepack): An assembly consisting of a slotted 
PVC pipe surrounded by environmental grade sand contained within a stainless steel wire mesh cylinder. 
The inner component of the prepacked screen is a flush-threaded, 1.5-inch Schedule 40 PVC pipe with 
0.01-inch (0.25 mm) slots. Stainless steel wire mesh with a pore size of0.011 inches (0.28 mm) makes up the 
outer component of the prepack. The space between the inner slotted pipe and outer wire mesh is filled 
with 20/40 mesh silica sand. Geoprobe® 1.5-inch x 2.5-inch prepacks are available in 5-foot sections and 
have an outside diameter of 2.5 inches (64 mm) and a nominal inside diameter of 1.5 inches (38 mm). 

2.2 Discussion 

Conventional monitoring wells are typically constructed through hollow stem augers by lowering slotted 
PVC pipe (screen) to depth on the leading end of a string of threaded PVC riser pipe. A filter pack is then 
installed by pouring clean sand of known particle size through the tool string annulus until the slotted 
section of the PVC pipe is sufficiently covered. 

Installing the entire filter pack through the tool string annulus becomes a delicate and time-consuming 
process when performed with small-diameter direct push tooling. Sand must be poured very slowly in 
order to avoid bridging between the riser pipe and probe rod. When bridging does occur, considerable 
time can be lost in attempting to dislodge the sand or possibly pulling the tool string and starting over. 
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Prepacked screens greatly decrease the volume of loose sand required for well installation as each screen 
assembly includes the necessary sand filter pack. Sand must still be delivered through the casing annulus 
to provide a minimum 2-foot grout barrier, but this volume is significantly less than for the entire screened 
interval. 

The procedures outlined in this document describe construction of a permanent groundwater monitoring 
well using Geoprobe® 3.5-inch (89 mm) or 3.25-inch (83 mm) outside diameter (OD) probe rods and 2.5-inch 
OD prepacked screens. Geoprobe® 2.5-inch OD prepacks are available with either nominal 1.0-inch or 1.5­
inch schedule 40 PVC components with a running length of 5 feet. 

Installation of a prepack monitoring well begins by advancing 3.5-inch (89 mm) or 3.25-inch (83 mm) probe 
rods to depth with a Geoprobe® direct push machine. Prepacked screen(s) are then assembled and installed 
through the 2.625-inch (67 mm) inside diameter (ID) of the probe rods using corresponding 1.0-inch or 1.5­
inch schedule40 PVC riser (Fig.2.1 ). Once the prepacks are lowered to depth, the rod string is slowly retracted 
until the leading end of the rods is approximately 3 feet above the top prepack. 

Regulations generally require a minimum 2-foot grout barrier above the top prepack (Fig. 2.2) to avoid 
contaminating the well screens with bentonite or cement during installation. In some instances, natural 
formation collapse will provide the required barrier. If the formation is stable and does not collapse around 
the riser as the rod string is retracted, environmental grade 20/40 mesh sand may be installed through the 
probe rods to provide the minimum 2-foot grout barrier. 

Granular bentonite or bentonite slurry is then installed in the annulus to form a well seal (Fig. 2.2). A high­
pressure grout pump (Geoprobe® Model GP300 or GP350) may be used to tremie high-solids bentonite 
slurry or neat cement grout to fill the well annulus as the probe rods are retracted (Fig.2.3).The grout mixture 
must be installed with a tremie tube from the bottom up to accomplish a tight seal without voids to meet 
regulatory requirements. 

In certain formation conditions, the pre packed screens may bind inside the probe rods as the rods are retracted. 
This is most common in sandy formations sometimes called flowing or heaving sands. This binding can 
generally be overcome by lowering extension rods down the inside of the well riser and gently, but firmly, 
tapping the extension rods against the base of the well as the rods are slowly retracted. If the binding persists, 
clean tap water or distilled water may be poured down the annulus of the rods to increase the hydraulic 
head inside the well. This, combined with the use of the extension rods, will free up the prepacked screen 
and allow for proper emplacement. 

Once the well is set, conventional flush-mount or aboveground well protection can be installed to prevent 
tampering or damage to the well head (Fig. 2.2). These wells can be sampled by several available methods 
(mechanical bladder pump, mini-bailer, Geoprobe® tubing check valve, etc.) to obtain high integrity water 
quality samples. These wells also provide accurate water level measurements and can be used as observation 
wells during aquifer pump tests. 

When installed properly, these small-diameter wells generally meet regulatory requirements for a 
permanent monitoring well. While a detailed installation procedure is given in this document, it is by no 
means totally inclusive. Always check local regulatory requirements and modify the well installation 
procedure accordingly. These methods meet or exceed the specifications discussed for direct push 
installation of permanent monitoring wells with prepacked screens in the U.S. Environmental Protection 
Agency's guidance document, Expedited Site Assessment Tools For Underground Storage Tank Sites, (EPA, 1997) 
and ASTM Standards D 6724 (ASTM,2002) and D 6725 (ASTM,2002). 

*The Mechanical Bladder Pump is manufactured under U.S. Patent No. 6,877,965 issued Apri/72,2005. 
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PVC Riser 

Concrete Pad 
Thickness:~ 4.0 in. 

Plastic Plug 

PVC Riser Pipe 

2.5-in. OD Prepack 

2.5 in. OD Prepack 

PVC Bottom Plug 

Expendable Point, 
3.6-in.OD 

FIGURE2.1 

Insertion of Prepack Screens 


5-ft.lengths 

High-Solids Bentonite Slurry 
or Neat Cement Grout 

Bentonite Well Seal 
Thickness:~ 2 feet 

Grout Barrier 
(20/40 Sand or Collapsed Natural 
Formation) 
Thickness: ~ 2 feet above top of 
screens 

2.5-in. OD Prepacked 
Well Screen 

PVC Bottom Plug 

Expendable Point, 
3.6in.OD 

FIGURE2.2 
Installed Geoprobe® 2.5-in. OD Prepacked Screen Monitoring Well 
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3.0 TOOLS AND EQUIPMENT 


The following equipment is required to install a permanent monitoring well with Geoprobe® 2.5-inch OD 
prepacked screens. Refer to Figures 3.1 and 3.2 for illustrations of well components. 

1.0-in. X 2.5-in. Prepack Well Components 	 Part Number 
1.0-in. x 2.5-in. Pre packed Screen, 5-ft.length ..................................................................... 17467 

1.0-in. x 2.5-in. Field packed Screen (w/o sand), 5-ft.length............................................ 11679 

1.0-in. x 2.5-in. Field packed Screen (w/o sand), 3-ft.length..........................................GW2436 

PVC Riser, 1.0-in. sch. 40, 5-ft.length........................................................................................ 12876 

0-rings for 1.0-in. PVC Riser, Pkg. of 25 ................................................................................... 13196 

PE Top Plug, 1.0-in. sch. 40 riser ................................................................................................. 13227 

Locking Well Plug, for 1.0-in. sch. 40 riser ...........................................................................WP 171 0 

PVC Bottom Plug, 1.0-in. sch. 40 flush thread ...................................................................... 12881 

Expendable Drive Point, 3.5 or 3.25-in. rods I 3.6-in. OD ................................................AT3215 


Locking Well Plug, 
PETop Plugfor1.0-in.Sch.40pipe ~~ 

,/ (13227)
(WP1710) ~ D 

PVC Riser, 

1.0-in. Sch.40, 


/ 5-ft.length 

(12876) 


0-rings for 1.0-in. Sch.40 Riser 

-,/ (13196) 

Prepacked Screen, 

1.0-in.x 2.5-in., 5-ft.length (17467) 


/	 (or) 
Fieldpacked Screen (w/u sand), 
1.0-in. x 2.5-in., 5-ft.length (11679) 
(or) 
Fieldpacked Screen (w/o sand), 
1.0-in.x 2.5-in., 3-ft. length (GW2436) 

PVC Bottom Plug, 1.0-in.Sch.40 Flush Thread (12881) 

~,/ 
Expendable Drive Point, 3.5-in. 3.25-in. rods I 3.6-in. OD ry ,/ (AT3215) 

FIGURE 3.1: 

1.0-in. x 2.5-in. Prepacked and Field packed Screen Monitoring Well Parts 
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1.5-in. X 2.5-in. Prepack Well Components Part Number 
1.5-in. x 2.5-in. Prepacked Screen, 5-ft.length .....................................................................17401 

PVC Riser, 15-in. sch. 40, 5-ft.length........................................................................................ 17405 

0 -rlngs for 1.5-in. PVC Riser, Pkg. of 25 ................................................................................... 18782 

PE Top Plug, 1.5-in. sch.40 riser .................................................................................................21 465 

Locking Well Plug, for 1.5-in. sch. 40 riser ........................................................................... WP1715 

PVC Bottom Plug, 1.5-in. sch. 40 flush thread ...................................................................... 17407 

Expendable Drive Point, 3.5 or 3.25-Jn.rods /3.6-in. OD ................................................AT3215 


Locking Well Plug, 
for 1.5-ln. Sch.40 pipe PETopPiug 


(WP171S) 
 / (214651 
~ 

PVC Riser, 
l.!i-ln. Sch. 40, 

/ S·ft.length 
(17405) 

~ C>riog• fon .•;,, S<h. 40 "'" 
- /(18782) 

Prepacked Screen, 

/ 1.5-in.x 2.5-in.,s-ft.lerigth (17401) 


PVC Bottom Plug, 1.5-in. Sch. 40 Flush Thread (17407) 
/ 

~~ Expendable Drive Point, 35 or 3.25-in. rods /3.6-lo. OD 

~/(AT321S) 

FIGURE3.2: 
1.5-in. x 2.5-in. Prepacked Screen Monitoring Well Parts 
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Monitoring Well Accessories Part Number 
Well Cover, flush-mount,4-in. x 12-in., cast iron I ABS skirt ..........................................WP1741 

Well Cover, flush-mount, 7-in. x 1 0-in., cast iron I galvanized skirt.............................WP1771 

Sand, environmental grade (20140 mesh). 50-lb. bag ........................................................ AT95 

Bentonite, granular (8 mesh), 50-lb. bag ................................................................................. AT91 

Bentonite, powdered (200 mesh), 50-lb. bag ........................................................................ AT92 


Geoprobe® Tools and Equipment Part Number 
Probe Rod, 3.5-in x 48-in.or 60-in ..................................................................................................... 38951 or 36641 

Probe Rod, 3.5-in x 1 meter (optional) .............................................. ........................................................38952 

Probe Rod, 3.25-in. x 48-in. or 60-in....................................................................................................10594 or 9040 

Probe Rod, 3.25 in. x 1 meter (optional) ...................................................................................................13925 

0-Rings for 3.25-in. Probe Rods (Pkg. of 25)............................................................................................. 9960 

Expendabel Point Holder, 3.5-in.x 48-in. or 60-in-...................................................................... 38953 or 37763 

Expendable Point Holder, 3.25-in.x 48-in. or 60-in .......................................................................10596 or 9796 

Expendable Point Holder,3.5-in x 1 meter (optional ..........................................................................38955 

Expendable Point Holder, 3.25 in. x 1 meter (optional) ......................................................................13926 

Expendable Point Assembly, Steel, 3.6-inch OD.................................................................................. AT321 5 

Drive Cap, Threadless, 3.5-inch Probe Rods (GH40 Hammer) ...........................................................38982 

Drive Cap, Threadless, 3.5-inch Probe Rods (GH60 Hammer) ...........................................................36642 

Drive Cap, Threadless, 3.25-inch Probe Rods (GH40 Hammer) ........................................................ 10605 

Drive Cap, Threadless, 3.25-inch Probe Rods (GH60 Hammer) ......................................................... 9742 

Rod Grip Pull Handle, 3.5-in. Probe Rods (GH40 Hammer) ................................................................38983 

Rod Grip Pull Handle, 3.5-in. Probe Rods (GH60 Hammer) ................................................................44688 

Rod Grip Pull Handle, 3.25-in. Probe Rods (GH40 Hammer) .............................................................12235 

Rod Grip Pull Handle, 3.25-in. Probe Rods (GH60 Hammer) ..............................................................9757 

Extension Rod,48-in.or 60-in ............................................................................................................. AT671 or 10073 

Extension Rod, 1-meter (optional) ................................................................................................. ............AT675 

Extension Rod Coupler....................................................................................................................................AT68 

Extension Rod Handle .....................................................................................................................................AT69 

Extension Rod Quick Links Pin ....................................................................................................................AT695 

Extension Rod Quick Link Box .....................................................................................................................AT696 

Screen Push Adapter.................................................................................................................................... GW1 535 

Grout Machine ........................................................................................................................................GP300 or GP350 

Grout System Accessories, 1.5-in. Rods ..................................................................................................GS1 015 

Water Level Meter, 0.438-in. OD Probe, 100-ft. Cable* ...................................................................... GW2000 

Stainless Steel Mini-Bailer (optionai) .........................................................................................................GW41 

Check Valve Assembly, 0.375 in.ODTubing* ...................................................................................... GW421 0 

Well Development Tool1.5-in ......................................................................................................................34558 

Well DevelopmentTool1.0-in................................................ ......................................................................35364 

Polyethylene Tubing, 0.375-in. OD, 500-ft. (for purging, sampling, etc.) ........................................TB25L 

Mechanical Bladder Pump ...........................................................................................................................MB470 

Low-Density Polyethylene Tubing, 0.625-in. OD, 100-ft. (for tremie tube grouting) ................ 16857 

Grout Tubing Adapter, for 0.625-in. OD Tubing .....................................................................................16893 


*Refer to Appendix A for additional tool options. 


**Refer to Standard Operating Procedure (SOP) for the Mechanical Bladder Pump 

(Technical Bulletin No. MK30 13) for additional tooling needs. 
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4.0 SAND INSTALLATION IN 1.0 IN. X 2.5-IN. FIELDPACK WELL SCREEN 


Due to the significant weight of the sand in a 1.0-in.x 2.5-in. Prepack Well Screen (17467),a 1.0-in.x 2.5-in.OD 
Fieldpack Screen (11679) is available without sand to reduce shipping costs. It is necessary to add sand to 
the field pack screen prior to installation. A specific packing procedure must be followed in order to prevent 
the sand from settling in the screen after well installation. This section describes the procedure for properly 
installing sand in a 1.0-in. x 2.5-in. Field pack Well Screen. 

4.1 Required Equipment 
1 Quart (1 L) Container (1) Sand Cylinder 

(12890)Phillips-Head Screwdriver (1) 
20-40 Mesh Sand (1 gallon I 3.75 L) 

Field pack Screen Asm., P/N 11679 (1 ): 
 PETop Plug 

PE Top Plug, (1) (13227) 

Stainless Steel Screw, (2) Stainless Steel Screw 
(12347)Gray PVC Cap, (1) 


Sand Cylinder, (1) 

Gray PVC Bushing 

4.2 Procedure 
1. 	Ensure that the PE top plug is pushed into 


the top of the PVC riser and both screws 

are threaded into the gray bushing (Fig. 

4.1 ). 

2. Slide the clear sand cylinder over the 

screen such that the leading end of the 

cylinder is approximately 1.25 inches 

below the top of the gray PVC bushing 

(Fig.4.1 ). 
 FIGURE4.1. 

Selected components of a 1.0-ln. x 2.5-in. OD 
IMPORTANT: Do not push the sand cylinder Fieldpack Well Screen 

farther onto the screen than 
indicated as this will make it 
difficult to remove once the screen is packed with sand. 

CAUTION: 	 Use care when handling the screen with bare hands. Small wires protruding from the 
screen can easily puncture the skin. 

3. Pour 3 quarts (3 L) of sand into the sand cylinder. This will fill the screen approximately 3/4 to 7/8 
full. 

4. The screen must now be tapped on the ground to settle (pack) the sand. 
a) Gently grasp the screen and raise it approximately 2 inches (5 em) off the ground. 

IMPORTANT: 	 Be careful when gripping the screen to squeeze it just hard enough to lift it from the 
ground. The screen may be damaged if too much pressure is applied before the screen 
is packed with sand. 

b) Release the screen and allow it to fall back to the ground. 

IMPORTANT: 	 Do not drop the screen more than 2 inches (5 em) as this can damage the screen. 

c) Repeat Steps 4.2.4-A and B for a total of 15 "drops': 
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5. Completely fill the screen with sand. Add enough sand to also fill the sand cylinder approximately 
three/quarters full. 

NOTE: Screen will hold approximately 4 quarts (3.75 L) of sand when all has settled after packing. 

6. Lift and drop the screen an additional 60-80 times to finish packing the sand. Remember not to 
drop the screen from a height of more than 2 inches (5 em). After this step, the screen should feel 
very firm. 

7. Remove the sand cylinder by rocking it from side-to-side while pulling upward. Let the excess 
sand drain from the bottom of the cylinder. Brush any remaining sand from the top of the gray 
bushing. 

8. Remove the stainless steel screws (Fig. 4.1) from 	the gray bushing using the phillips-head 
screwdriver. 

9. 	Place the gray PVC cap on top of the screen with the countersunk holes "up" as shown in Figure 
4.2. 

IMPORTANT: 	 Ensure that no sand is trapped between the cap and bushing as this may allow sand 
to leak from the screen during handling. 

10. Attach the PVC cap to the PVC bushing by installing the two stainless steel screws (Figs. 4.2). 

Installation of sand in the field pack screen is now complete. Remember to remove the top plug from the 
screen before attaching the first section of riser pipe. Do not throw away the plug as it may be used to keep 
grout and other materials from entering the top of the riser during well installation. 

Completed Field pack Screen 

Stainless Steel Screws 
(12347) 

PVC Cap 
(12539) 

PVC Bushing 

FlGURE4.2. 
The PVC cap is attached to the top of the screen with two stainless steel screws. 
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Sand Installation Quick Reference Guide 

Step 1 ... 

Stainless Steel 
Screw 

Sand Cylinder 

PETop Plug 

Step 2 ..• 

.• . 
·.... :. 

1. Position sand Cylinder. 1. Fill screen with sand. 
2.Tap screen on ground to pack sand. 
3. Add more sand to completely fill screen. 

Screen will hold about 4 quarts (3.75 L) of sand. 

Step 3 ... 

PETopPiug ' ~\ 
PVC Cap 

1. Remove sand cylinder. 
2. Remove stainless steel screws. 
3. Position PVC cap. 
4. Replace and tighten stainless steel screws. 
s. Remove top plug. 
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5.0 WELL INSTALLATION 

Monitoring well installation can be divided into the six main tasks listed below. This section provides specific 
instructions for the completion of all six tasks. 

• Driving the probe rods to depth 
• Deploying the screen(s) and riser pipe 
• Installing a sand/grout barrier 
• Installing a bentonite seal above the screen 
• Grouting the well annulus 
• Installing surface protection 

NOTE: The many prepacked screen options have resulted in an extensive list of Geoprobe® part numbers. 
To simplify the instructions presented in this document, part numbers for well components are not specified 
in the text or illustrations. Refer to Section 3.0 for part numbers and complete descriptions for all well 
components and accessories. 

Installing sand in the 1.0-in. x 2.5-in Field packed Well Screen 

The 1.0-inch x 2.5-inch fieldpacks can be packed with sand 
before arriving at the job site or at the job site. To help make 
the well installation process more efficient, Geoprobe Systems® 
recommends packing all well screens with sand before mobilizing 
to the job site. Each box of 1.0-inch x 2.5-inch Fieldpacked Screens 
includes a complete set of sand filling instructions. The process 
of filling the screens with sand is also described in Section 4.0 
of this document. 

5.1 Driving Probe Rods to Depth 

1. Place 	the Geoprobe® direct push machine at the 
proposed monitoring well location and unfold 
the probe assembly into the operating position as 
instructed in the machine Owner's Manual. Because 
access to the top of the probe rod string is required, it 
is important to allow room for derrick retraction when 
positioning the unit for operation. 

2. Insert a 3.6-inch 	OD Expendable Point Assembly 
into the unthreaded end of a 3.5-inch or 3.25-inch 
Expendable Point Holder. See Figure 5.1. 

3. Place a 3.5-inch 	or 3.25-inch Drive Cap over the 
threaded end of the expendable point holder. 

4. 	Place the expendable point holder under the hydraulic 
hammer in the driving position (refer to direct push 
machine Owner's Manual). Advance the point holder 
into the ground, using percussion if necessary. To install 
an accurately placed monitoring well, it is important to 
drive the rod string as straight as possible. If the point 
holder is not straight, retract the assembly from the 
ground and start over with Step 1. 
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3.5-in. Drive Cap (36642 

or38982) 

or 3.25-in. Drive Cap 

(9742 or 1 0605) 
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or 3.25-in. Expendable 

Point Holder 

(9796, 10596,13926) 
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{AT3215) 

FIGURE 5.1 
Drive Cap, Expendable Point Holder 
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5. 	Remove the drive cap from the expendable point holder. Install an 0-ring on the point holder in 
the groove located at the base of the male threads (Fig. 5.2) Make sure the 0-ring groove and 0­
ring mating surface are clean. Any foreign material located in these areas will prevent the 0-ring 
from sealing properly. 

IMPORTANT: 0-rings must always be used to seal the Probe Rod joints. 

6. 	Lubricate the 0-ring and 0-ring mating surface (Fig.5.3) with a small amount of clean water. Apply 
the water with either a moist cloth or a spray bottle. 

7. Thread a 3.5-inch or 3.25-inch Probe Rod onto the expendable point. 

8. 	Place the drive cap on the probe rod and advance the rod string the full stroke of the machine. 

9. 	Remove the drive cap. Again, install an 0-ring in the 0-ring groove of the probe rod. Lubricate the 
0-ring and the 0-ring mating surface (Fig. 5.3). Add the next probe rod, replace the drive cap, and 
advance the rod string. 

10. Repeat Step 9 until the leading end of the rod string is 1.5 inches (3.8 em) below the bottom of the 
desired screen interval. The additional depth adjusts for the extra height created by the expend­
able point and the PVC Bottom Plug. The top probe rod must also extend at least 15 inches (38 
em) above the ground surface to allow room for the rod grip puller used later in this procedure. 
(An additional rod may be added if necessary.) Move the machine foot back to provide access to 
the top of the rod string. 

0-Ring Groove 

V 
3.5-in. or 3.25-in. 
Probe Rod or 
Expendable Point 
Holder 

0-ring 
Mating SurFace 

0-Ring 
(9960) 

FIGURE5.3 
Lubricating 0-Ring and Mating Surface 

FIGURE5.2 

Probe Rod 0-Ring Groove 
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2.5-in.OD 
Prepack 

PVC Bottom Plug 

5.2 Deploying the Screen{s) and Riser Pipe 

1. With the probe rods driven to the proper depth, the next step is to deploy the prepacked or field­
packed screen(s) and riser pipe. If using field packs, inspect the screens to ensure that: 

a) the plastic plug is removed. 

b) the stainless steel screws are snug.(See Fig. 5.4) 


FIGURES.& 
Tap On Sides of Prepack 

If Difficult to Install 

FIGURES.S 
Prepacked Screen Assembly 

Inserted Into Rod String 
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IMPORTANT! 
Remove top plug 
from well screen 
before installing. 

Stainless Steel 
Screws 
(12347) 

FIGURE5.4 
Inspecting a Fieldpacked Screen 

Have assistant 
hold onto top 
of well screen 
or first section 
of riser. 

Tap with left Tap with right 
hand using hand using 
open palm open palm 

3.5-in. or 3.25-in. Probe Rod 



IMPORTANT: 	 The following installation instructions specify "prepack(s)" and "prepacked screen(s)", 
but are also applicable to 1.0-in. x 2.5-in. field packed screens. 

2. Thread a PVC Bottom Plug into a 2.5-in. OD prepack. An 0-ring may be used on the plug if de­
sired. 

3. 	Leading with the bottom plug, insert the prepacked screen assembly into the probe rod string as 
shown in Figure 5.5. If the prepack does not slide easily into the rods, do not force it. With the lower 
end of the prepack in the probe rod,hit the screen simultaneously with both hands using a clapping 

3.6-in.OD 

FIGURE5.7 
Prepack Assembly Inside Probe Rods 
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motion (Fig. 5.6). With this technique, the screen 
will drop by gravity into the probe rods. Have an 
assistant hold onto the top portion of the screen 
to prevent the screen from unexpectedly falling 
downhole. 

CAUTION: 	 Be careful when "kneading" the screen. 
Sudden screen slippage can pinch hands 
between the screen and the probe rod. 
To prevent screen slippage, have an 
assistant hold onto the prepack during 
the "kneading" operation. 

4. 	Add additional five-foot prepacks to obtain 
the desired screened interval. 0-rings can 
be installed between the prepack sections if 
desired. 

5. 	With the assistance of a second person, attach 
five-foot sections of 1.0-inch Schedule 40 
PVC Riser to the top of the screen assembly. 
0-rings are required at each riser joint to 
prevent groundwater, located above the desired 
monitoring interval, from seeping into the well. 
Continue to add riser sections until the assembly 
reaches the bottom of the probe rods (Fig. 5.7). 
At least one foot (0.3 m) of riser should extend 
past the top probe rod. Place the plastic plug 
into the top riser. Duct tape may be used to help 
keep the plug in the riser. 

6. 	It is now time to pull up the probe rods from 
around the well screen and riser. Reposition 
the probe unit so that the Rod Grip Puller can 
be attached to the rod string. 

(continued on Page 16) 

PETop Plug 

PVC Riser Pipe 

2.5-in. OD Prepack 

2.5 in. OD Prepack 

PVC Bottom Plug 

Expendable Point, 
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7. Retract the rod string the total length ofall the screens plus an additional3 feet (1 m). While pulling 
the rods, observe whether the top PVC riser stays in place or moves up with the rods. 

a) If the riser stays in place, stable formation conditions are present. Continue retracting the rods 
to the depth specified above. Go to Section 4.4. 

b) If the riser moves up with the probe rods, have a second person hold it in place while pulling up 
the rods. An additional section of PVC riser may be helpful. Once the probe rods have cleared the 
lower section of screen, the screen and riser assembly should stop rising with the rods. Continue 
retracting to the depth specified above. Go to Section 5.4. 

c) If the risers continue to move up with the probe rods and cannot be held in place by hand, sand 
heave has most likely caused the screen to bind to the inside of the rods. Extension rods are now 
required. (Refer to Figure 5.8 for an illustration of extension rod accessories.) 

d) Place a Screen Push Adapter on the end of an Extension Rod. Insert the adapter and extension 
rod into the PVC riser and hold either by hand or with an Extension Rod Jig. Attach additional 
extension rods with Extension Rod Couplers or Extension Rod Quick Links until the push adapter 
contacts the bottom of the screens (Fig. 5.9). Place an Extension Rod Handle on the top extension 
rod after leaving 3 to 4 feet (1 to 1.2m) of extra height above the last probe rod. 

e) Slowly retract the probe rods while another person pushes and taps on the screen bottom with 
the extension rods (Fig. 5.9). To ensure proper placement of the screen interval and to prevent well 
damage, be careful not to get ahead while pulling the probe rods. The risers should stay in place 
once the probe rods are withdrawn past the screens. Retrieve the extension rods. Place the plug 
back into the top riser and secure it with duct tape if necessary. 

Extension Rod, 1 meter (AT675),48-inch (AT671 ), or 60-inch (1 0073) 

...£======::J••E3• .... 

"""=""Extension Rod Coupler (AT68) 

..::::=:::====---~· ·.n ut:i"'i:::::~--~-====3 
Extension Rod Quick / .:.:.:-· "". Extension Rod Quick 

Link Coupler, Box _/ /'~ .......______ Link Coupler, Pin 
(AT696) ,/ ./ (AT695)....~· 

[ Jl IT ] 

Extension Rod Handle 
(AT69) 

FIGURES.& 

Geoprobe® Extension Rods and Accessories 
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FIGURE5.9 
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5.3 Installing the Grout Barrier 

The natural formation will sometimes collapse around the well screens and PVC riser as the probe rod 
string is pulled back. This provides an effective barrier between the screens and grout material used 
to seal the well annulus. If the formation does not collapse, a sand barrier must be installed from the 
surface. This portion of the well installation procedure is important because an inadequate barrier will 
allow grout to reach the well screens. Grout contamination can produce non-representative samples 
and retard groundwater flow into the well. 

1. 	Using a Water Level Indicator or flat tape measure, determine the depth from the top of the PVC 
riser to the bottom of the riser and probe rod annulus. Two scenarios are possible: 

a) Measured depth is 2 to 3 feet (0.6to 0.9 m) less than riser length: This indicates that unstable 
conditions have resulted in formation collapse. A natural grout barrier was formed as material 
collapsed around the PVC riser when the probe rods were retracted. This commonly occurs in sandy 
formations. No further action is required. Proceed with Section 5.5 and perform Step 2 (unstable 
formation). 

b) Measured depth is equal to or greater than riser length: This indicates that stable conditions 
are present. The probe hole has remained open and void space exists between the riser (and 
possibly the screen) and formation material. Clean sand must be placed downhole to provide a 
suitable grout barrier. Continue with Step 2. 

2. 	Begin slowly pouring 20/40 grade sand down the annulus between the PVC riser and probe 
rod string. Reduce spillage by using a funnel or flexible container as shown in Figure 5.1 0. Add 
approximately 1.4 gal. (5.3 L) for each 5-foot (1.5 m) screen section, plus 0.9 gal. (3.4 L) for a 
minimum 2-foot (0.6 m) layer of sand above the screen section. 

3. 	Measure the annulus depth after each 1,5 liters of sand. The sand may not fall all the way past the 
screen due to the tight annulus and possible water intrusion. This is acceptable, however, since the 
prepacked screens do not require the addition of sand. The important thing is that a sand barrier 
is provided above the screens. 

4. 	Sand may also bridge within the annulus between the risers and probe rods and consequently 
fail to reach total depth (Fig. 5.1 0). This most likely occurs when the sand contacts the water table 
during deep well installations. Wet probe rods also contribute to sand bridging. If the annulus is 
open, skip to Section 5.5, Step 1. If bridging is evident, continue with Step 5. 

5. 	In case of a sand bridge above the screens (wet rods, high water table, etc.), insert clean extension 
rods into the well annulus to break up the sand (Fig. 5.1 0). Simultaneously retracting the probe 
rods usually helps. Check annulus depth again. If sand is no longer bridged, proceed to Section 
5.5. If bridging is still evident, continue with Step 6. 

6. 	If the sand bridge cannot be broken up with extension rods, inject a small amount ofclean water into 
the annulus using a Geoprobe GP300 or GP350 Grout Machine and 3/8-in. (9.5mm) OD polyethylene 
tubing. Simply insert the poly tubing down the well annulus until the sand bridge is contacted. 
Attach the tubing to the grout machine and pump up to one gallon of clean water while moving 
the tubing up and down. The jetting action of the water will loosen and remove the sand bridge. 
Check the annulus depth again. The distance should be 2 to 3 feet (0.6 to 0.9 m) less than the riser 
length. Proceed with Section 5.5. 
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5.4 Bentonite Seal Above Screen 

Bentonite is an expanding clay which exhibits very low permeability. When properly placed, bentonite 
prevents contaminants from moving into the well screens from above the desired monitoring interval. 
The seal is formed either by pouring granular bentonite into the annulus from the ground surface, or by 
injecting a high-solids bentonite slurry directly above the grout barrier. The use ofgranular bentonite 
is limited to cases in which the top of the screen ends above the water table (no water is present in 
the probe rods). Whichever method is used, at least 2 feet (0.6 m) of bentonite must be placed above 
the sand pack. 

1. Stable Formation. Granular bentonite is recommended if the following conditions are met: 
• Top of screen interval is above the water table 
• Formation remained open when probe rods were retracted 
• Bridging was not encountered while installing sand for the grout barrier in Section 5.4 

a) Withdraw the probe rod string another 3 to 4 feet (0.9 to 1 m) and ensure that the PVC riser 
does not lift with the rods. It is important that the bottom of the rod string is above the proposed 
seal interval. If positioned too low, dry bentonite will backup into the expendable point holder. 
Bridging then results if moisture is present inside the probe rods. 

b) Pour bentonite between the probe rods and PVC riser as was done with the sand in Section 
5.4. To properly hydrate the granular bentonite, it is necessary to periodically add water through a 
tremie tube while installing the bentonite. To accomplish this, repeat adding six inches of granular 
bentonite followed by 1.0 gallon (3.8 L) ofwater through a tremie tube until a minimum 2-foot (0.6 
m) bentonite layer is created. Use the following procedure: 

i. Pour 0.8 liters of granular bentonite into the annulus. This volume of bentonite will fill 
approximately 6 inches (15 em) of annular space. 

ii. Check for bridging inside the annulus. Measure the riser depth to the bottom ofthe annulus. 
The depth should equal the riser length minus the 2-foot sand pack and the added bentonite. 
If the measured depth is significantly less than expected, the bentonite has more than likely 
bridged somewhere inside the rod string. A procedure similar to that identified for bridged 
sand (Section 5.4, Steps 5 and 6) may be used to dislodge the granular bentonite. 

iii. Hydrate the bentonite by adding 1 gallon (3.8 L) of water to the annulus through a tremie 
tube. Do not pour water directly into the annulus. A tremie tube will help prevent bridging by 
keeping the rod string dry. 

iv. Repeat this procedure an additional three times or until the 2-foot (0.6 m) thick bentonite 
layer is completed. 

2. Unstable formation. A grout machine is required to install the bentonite seal if the formation 
collapsed when the rods were retracted or the sand bridged when installing the grout barrier. 
The grout machine can pump a high-solids bentonite slurry under sufficient pressure to displace 
collapsing soil. Void spaces often develop when poured (gravity installed) granular bentonite is 
used under these conditions, resulting in an inadequate annular seal. Wet rods will often lead to 
bridging problems as well. Use the procedure on the following page to install a bentonite seal with 
a grout pump. 
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a) Mix 1.5 gallons (5.7 L) of high-solids bentonite (20 to 25 percent by dry weight) and place in the hopper 
of the grout machine. 

b) Insert flexible tubing to the bottom of the annulus between the probe rods and well riser. Leaving 
at least 25 feet (8 m) extending from the top of the rod string, connect the tubing to the grout machine. 
This extra length will give needed slack for rod extraction (completed later in the procedure). 

NOTE: The side-port tremie method is recommended to prevent intrusion of grout into the sand barrier. 
To accomplish side-port discharge of grout, cut a notch approximately one-inch (25 mm) up from the 
leading end of the tubing and then seal the leading end with a threaded plug of suitable size. 

c) Reposition the probe unit and attach the 3.5-inc or 3.25-inch Rod Grip Puller. 

d) Activate the pump and fill the tremie 
tube with bentonite. Begin slowly pulling 
the rod string approximately 3 feet (1.0 
m) while operating the pump (Fig. 5.11 ). 
This will place bentonite in the void left by 
the retracted rods before it is filled by the 
collapsing formation. Continue to watch 
that the PVC riser does not come up with 
the rod string. 

NOTE: When removing the retracted 
probe rod, slide the rod over the tremie 
tube and place it on the ground next to 
the grout machine. This eliminates cutting 
and reattaching the tubing for each rod 
removed from the string. Take care not to 
"kink" the tremie tube during this process 
as it will create a weak spot which may 
cause the tubing to burst when pressure 
is applied. 

e) Measure the annulus depth to ensure 
that at least 2 feet (0.6 m) of bentonite 
was delivered. Pump additional bentonite 
slurry if needed. 

Geoprobe~ 	Grout Machine 
(GS300 shown) 

PETop Plug 

TremieTube 

Pumped 
Bentonite slurry 

fills void as 
rods are slowly 

withdrawn 

High solids 
Bentonite slurry 
forms well seal 

Grout Barrier 
(20/40 Grade Sand or 
Natural Formation) 

FIGURE5.11 

Installing Bentonite Seal with 


Geoprobe® GS300 Grout Machine 
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5.5 Grouting the well annulus 

The placement of grout material within the remaining well annulus provides additional protection 
from vertical contaminant migration. Most grout mixes are composed of neat cement, high-solids 
bentonite slurry, or a combination of cement and bentonite. Such mixes must be delivered with a high­
pressure grout pump. When stable formations exist, the well may be sealed by pouring dry granular 
bentonite directly into the annulus from the ground surface. Consult the appropriate regulatory agency 
to determine approved grouting methods. This section presents the procedure for grouting the well 
annulus with the Geoprobe Model GP300 or GP350 Grout Machine. Refer to Figure 5.12 as needed. 

1. Mix an appropriate amount of grout material and place it in the hopper of the grout machine. 

NOTE: It is recommended that an additional 20 to 25 percent of the calculated annulus volume be 
added to the total grout volume. This additional amount allows for grout that either remains in the 
grout hose or moves into the formation during pumping. Including the additional 20 percent, it will 
take approximately 0.54 gallons (2.0 L) of grout for each foot of riser below ground surface. 

2. 	Insert tremie tube into the well 

annulus until the end ofthe flex­
 Geoprobe® Grout Machine 

(G$300 shown) ible tubing reaches the top of 
the bentonite seal. Ensure that PETop Plug 

at least 25 feet (8 m) of tubing 

extends from the top of the rod 

string. This extra length allows 

rod retraction with the tubing 

attached to the pump. 


1. Fill probe rods with 
3. Attach the tubing to the grout grout from bottom 

up.machine and begin pumping. 
2. Continue operating 

If the bentonite seal was below grout machine while 
withdrawing rods.the water table (deep well instal­


lation), water will be displaced 

and flow from the probe rods as 

the annulus is filled with grout. 


High sol ids
Continue operating the pump TremieTubeBentonite slurry 
until undiluted grout flows from forms well seal 

the top probe rod. 
Bentonite Seal 

4. 	Reposition the probe unit and 

prepare to pull rods. 


Grout Barrier 

5. 	 Begin pulling the probe rods 

while continuing to pump grout. 

Match the pulling speed to grout 

flow so that the rods remain filled 

to the ground surface. This main­

tains hydraulic head within the 

probe rods and ensures that the 

void left by the withdrawn rods 


FIGURE5.12is completely filled with grout. 
Grouting Well Annulus with 

Geoprobe® GS300 Grout Machine 
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NOTE: Slide the probe rods over the tremie tube and place neatly on the ground next to the grout 
machine. Be careful to not pinch or bind the flexible tubing as this forms weak spots which may burst 
when pressure is applied. 

NOTE: Try to avoid filling the upper 12 inches (305 mm) of well annulus with grout when pulling the 
expendable point holder. This will make for a cleaner well cap installation. 

6. When all probe rods have been retrieved and the well is adequately grouted, unstring the tremie 
tube and begin cleanup. It is important to promptly clean the probe rods, grout machine, and ac­
cessories. This is especially true of cement mixes as they quickly set up and are difficult to remove 
once dried. 

5.6 Surface Cover/Well Protection 

A surface cover protects the PVC well riser from damage and tampering. Although aboveground and 
flush-mount well covers may be used, most Geoprobe® monitoring wells have been installed with 
flush-mount covers (Fig. 5.13- Page 24). Consult the project planners and/or appropriate regulators 
to determine the approved well cover configuration for your specific application. 

1. In order to fit under a flush-mount cover, the top of the well riser must be below the ground surface. 
Place the well cover over the riser and push it into the ground to mark the cover diameter. Remove 
the cover and dig out approximately 6 inches (152 mm) of soil from within the cover mark. 

2. Remove the PE top plug from the PVC riser. The top of the riser should be approximately 4 inches 
(1 02 mm) above the bottom of the hole. If a joint is near this level, unthread the top riser. If a joint 
is not positioned near the specified level, cut off the riser with PVC cutters. 

IMPORTANT: Do not cut off the riser with a hacksaw as cuttings will fall down into the screens. 

3. 	Insert a locking well plug into the top of the PVC riser. Tighten the center wing-bolt on the plug 
until it fits snugly within the riser. Secure the well plug by installing a padlock over one side ofthe 
wingbolt and through the hole provided on top of the plug. 

4. 	Position the well cover so that it is centered over the PVC pipe. Push the cover into the ground 
using the machine foot if needed. Provide at least 0.5 inches (13 mm) of space between the top 
of the locking cap and bottom of the well cover lid. Do not push the cover so deep as to place the 
top ofthe lid below the surrounding ground surface. 

5. 	Support the well cover by installing a concrete pad according to project requirements. Pads are 
commonly square-shaped with a thickness of 4 inches (1 02 mm) and sides measuring 24 inches 
(61 0 mm) or greater. Finish the pad so that the edges slope away from the center to prevent pond­
ing of surface water on the well cover. 

6. 	Fill the inside of the well cover with sand up to approximately 2 to 3 inches (51 to 76 mm) from the 
top of the PVC riser. 
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Properly Installed Geoprobe® 2.5-in. OD Prepacked Screen Monitoring Well 
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6.0 WELL DEVELOPMENT 

"The development serves to remove the finer grained material from the well screen and filter pack that 
may otherwise interfere with water quality analyses, restore groundwater properties disturbed during the 
installation (probing) process, and to improve the hydraulic characteristics of the filter pack and hydraulic 
communication between the well and the hydrologic unit adjacent to the well screen," (ASTM D 5092). 

The two most common methods of well 
development are purging (bailing or 
pumping) and mechanical surging. 

Polyethylene Tubing 
3/8-in.OD6.1 	 Purging involves removing at least 

(TB25L)
three well volumes of water with 

either a Tubing Bottom Check Valve 

(Fig. 6.1), Stainless Steel Mini-Bailer 

Assembly, Well Development Tool or 
 Oscillate tubing up and down to 

bring sample to the surfaceMechanical Bladd Pump. Include the 
entire 3.6-inch (91 mm) diameter of 

disturbed soil at the screen interval 

when calculating the well volume. 


6.2 	 Mechanical Surging uses a surge 
block which is attached to extension 
rods and lowered inside the riser to 
the screen interval. The extension 
rods and surge block are moved up 
and down, forcing water into and out 

Water Level 
of the screen. Water and loosened 

sediments are then removed using 

one of three methods listed in 6.1. 


Check Valve 

ASM3/8-in. 


IMPORTANT: Meehan ica I surging 
may damage the well 

ODTubing 
screen and/or reduce (GW4210) 

groundwater flow across 
the filter pack ifperformed 
incorrectly or under 
improper conditions. Refer 
toASTM D5521,"Standard 

FIGURE6.1 
Sampling with Polyethylene Tubing and a 

Guide for Development of Tubing Bottom Check Valve 
Groundwater Monitoring 
Wells in Granular Aquifers" 
for a detailed discussion of 
mechanical surging. 

Development should continue until consecutive samples yield representative water. "Representative 
water is assumed to have been obtained when pH, temperature, and specific conductivity readings 
stabilize and the water is visually clear of suspended solids," (ASTM D 5092). 
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7.0 SAMPLE COLLECTION 


As the federal EPA and more state agencies are recommending or requiring use of the "low-flow" sampling 
protocol (EPA 1996), the ability to sample small-diameter, direct push (DP) installed monitoring wells with 
bladder pumps has significantly increased. The latest option for collecting groundwater is to utilize a 
Geoprobe® MB470 Mechanical Bladder Pump. It may be used to meet requirements of the low-flow sampling 
protocol (EPA 1996). The low-flow sampling method is preferred when sampling for volatile contaminants or 
metal analytes.The Mechanical Bladder Pump can be used with any ofthe available flow-through-cells and 
water quality monitoring probes. Smaller volume flow-through-cells are recommended when available. Use 
of the Mechanical Bladder Pump and flow-through-cell allows you to meet the stringent requirements for 
monitoring pH, specific conductance, DO, and ORP, and obtaining low-turbidity samples for metals analysis. 

Groundwater samples may be collected with a check valve assembly (with 3/8-inch OD poly tubing as shown 
in Fig. 6.1) or a stainless steel mini-bailer assembly when appropriate. While the check valve is the quicker 
and more economical sampling device, some operators still prefer the traditional mini-bailer. 

Before going into the field to sample monitoring wells (or groundwater samplers), be sure to know the 
level of sample quality that will be required. For high-integrity samples that must meet strict data quality 
objectives, sampling with a mechanical bladder pump may be required. Conversely, if screening level data 
is required (is it there and about how much?) a check valve assembly may be sufficient and could save time 
and money. For further information on this topic, request the Geoprobe® bulletin titled Groundwater Quality 
and Turbidity vs. Low Flow. 
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APPENDIX A 

ALTERNATIVE PARTS 


Groundwater Purging and Sampling Accessories Part Number 
Polyethylene Tubing, 0.25-inch OD, 500ft............................................................................TB17L 

Polyethylene Tubing, 0.5-inch OD, 500ft...............................................................................TB37L 

Polyethylene Tubing, 0.625-inch OD, 50 ft............................................................................TBSOL 

Check Valve Assembly, 0.25-inch OD Tubing .....................................................................GW4240 

Check Valve Assembly, 0.5-inch OD Tubing .......................................................................GW4220 

Check Valve Assembly, 0.625-inch OD Tubing ..................................................................GW4230 

Well Development Tool 1.5-inch ..............................................................................................34558 

Well Development Tool1.0-inch ..............................................................................................35364 

Water Level Meter, 0.375-inch OD Probe, 100-ft. cable ..................................................GW2001 

Water Level Meter, 0.438-inch OD Probe, 200ft. cable ...................................................GW2002 

Water Level Meter, 0.375-inch OD Probe, 200-ft. cable ..................................................GW2003 

Water Level Meter,0.438-inch OD Probe, 30-m cable .....................................................GW2005 

Water Level Meter,0.438-inch OD Probe,60-m cable .....................................................GW2007 

Water Level Meter, 0.375-inch OD Probe, 60-m cable .....................................................GW2008 


Additional Tools, Equipment, and Supplies 
Locking Pliers 
Pipe Wrench 
Volumetric Measuring Cup 
PVC Cutting Pliers 
Weighted Measuring Tape (optional) 
Small Funnel or Flexible Container (for pouring sand) 
Duct or Electrical Tape Roll 
Bucket or Tub (for dry grout material, water, and mixing) 
Portland Cement, Type I 
Concrete Mix (premixed cement and aggregate) 
Clean Water (of suitable quality for exposure to well components) 

Equipment and tool specifications, including weights, dimensions, materi­
als, and operating specifications included in this brochure are subject to 

change without notice. Where specifications are critical to your application, 
please consult Geoprobe Systems". 
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Designation: D 6724 – 04 

Standard Guide for 
Installation of Direct Push Ground Water Monitoring Wells1 

This standard is issued under the fixed designation D 6724; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. Scope 

1.1 This guide describes various direct push ground water 
monitoring wells and provides guidance on their selection and 
installation for obtaining representative ground water samples 
and monitoring water table elevations. Direct push wells are 
used extensively for monitoring ground water quality in 
unconsolidated formations. This guide also includes discussion 
of some groundwater sampling devices which can be perma­
nently emplaced as monitoring wells. 

1.2 This guide does not address the single event sampling of 
ground water using direct push water samplers as presented in 
Guide D 6001. The methods in this guide are often used with 
other tests such as direct push soil sampling (Guide D 6282) 
and the cone penetrometer test (Guide D 6067). The present 
guide does not address the installation of monitoring wells by 
rotary drilling methods such as those presented in Practice 
D 5092. Techniques for obtaining ground water samples from 
monitoring wells are covered in Guide D 4448. 

1.3 The installation of direct push ground water monitoring 
wells is limited to unconsolidated soils and sediments includ­
ing clays, silts, sands, and some gravels and cobbles. Penetra­
tion may be limited, or damage may occur to equipment, in 
certain subsurface conditions; some of which are discussed in 
5.5. Information in this guide is limited to ground water 
monitoring in the saturated zone. 

1.4 This guide does not purport to comprehensively address 
all of the methods and issues associated with monitoring well 
installation. Users should seek input from qualified profession­
als for the selection of proper equipment and methods that 
would be the most successful for their site conditions. Other 
methods may be available for monitoring well installation, and 
qualified professionals should have flexibility to exercise 
judgement concerning alternatives not covered in this guide. 
The practice described in this guide is current at the time of 
issue; however, new, alternative, and innovative methods may 
become available prior to revisions. Therefore, users should 
consult with manufacturers or producers prior to specifying 
program requirements. 

1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock 
and is the direct responsibility of Subcommittee D18.21 on Ground Water. 

Current edition approved July 1, 2004. Published July 2004. Originally approved 
in 2001. Last previous editon approved in 2001 as D 6724–01. 

1.5 This guide offers an organized collection of information 
or a series of options and does not recommend a specific course 
of action. This document cannot replace education or experi­
ence and should be used in conjunction with professional 
judgement. Not all aspects of this guide may be applicable in 
all circumstances. This ASTM standard is not intended to 
represent or replace the standard of care by which the adequacy 
of a given professional service must be judged, nor should this 
document be applied without consideration of a project’s many 
unique aspects. The word “Standard” in the title of this 
document means only that the document has been approved 
through the ASTM consensus process. 

1.6 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro­
priate safety and health practices and determine the applica­
bility of regulatory requirements prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 2 

D 653 Terminology Relating to Soil, Rock, and Contained 
Fluids 

D 4448 Guide for Sampling Ground Water Monitoring 
Wells 

D 4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well) 

D 5088 Practice for Decontamination of Field Equipment 
Used at Non-Radioactive Waste Sites 

D 5092 Practice for Design and Installation of Ground 
Water Monitoring Wells in Aquifers 

D 5254 Practice for Minimum Set of Data Elements 
D 5299 Guide for Decommissioning Monitoring Wells, Va­

dose Zone Monitoring Devices, Boreholes, and Other 
Devices for Environmental Activities 

D 5434 Guide for Field Logging of Subsurface Explora­
tions of Soil and Rock 

D 5474 Guide for Selection of Data Elements for Ground 
Water Investigation 

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page on 
the ASTM website. 

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. 
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D 5521 Guide for Development of Ground Water Monitor­
ing Wells in Granular Aquifers 

D 5730 Guide for Site Characterization for Environmental 
Purposes with Emphasis on Soil, Rock, the Vadose Zone, 
and Ground Water 

D 6001 Guide for Direct Push Water Sampling for Geoen­
vironmental Investigations 

D 6067 Guide for Electronic Cone Penetrometer Testing for 
Environmental Site Characterization 

D 6282 Guide for Direct Push Soil Sampling for Environ­
mental Site Characterization 

D 6286 Guide for Selection of Drilling Methods for Envi­
ronmental Site Characterization 

D 6452 Guide for Purging Methods for Wells Used for 
Groundwater Quality Investigations 

D 6564 Guide for Field Filtration of Ground Water Samples 
D 6634 Guide for the Selection of Purging and Sampling 

Devices for Ground Water Sampling Wells 
D 6771 Practice for Low-Flow Purging and Sampling for 

Wells and Devices Used for Ground-Water Quality Inves­
tigations 

3. Terminology 

3.1 Terminology used within this standard is in accordance 
with D 653. 

4. Summary of Guide 

4.1 This guide provides information to be used by experi­
enced ground water professionals for investigation of the 
subsurface and ambient ground water conditions. 

4.2 This guide outlines a variety of field methods for 
installing direct push ground water monitoring wells. Installa­
tion methods include: (1) soil probing using combinations of 
dynamic (percussion or vibratory) driving with, or without, 
additions of static (constant) force; ( ) static force from the 
surface using hydraulic penetrometer or drilling equipment; 
and ( ) incremental drilling combined with direct push meth­
ods. Methods for installation of annular seals and annular 
grouts are also discussed as well as abandonment grouting. 

4.3 This guide addresses considerations for selection and 
use of direct push well systems and installation techniques that 
may be classified into two main categories; exposed screen 
techniques and protected screen techniques. In exposed screen 
techniques, the screened casing may serve as the drive rod, or 
may surround a drive rod that is removed following installa­
tion. In protected screen techniques, the well may be advanced 
along with a protective outer casing, or may be lowered into a 
driven casing that is subsequently removed. Alternatively, the 
screen, riser, and a retractable shield may be driven simulta­
neously and all remain in the ground. 

4.4 The interval to be tested is determined in advance by 
prior investigation, or by soil or water sampling during direct 
push driving. A screen section, either protected or unprotected, 
is connected to riser pipes and either driven on the outside of, 
or placed inside of direct push rods. With some monitoring 
well designs, it may be necessary to add sand pack and seals to 
isolate the screened test zone as the rods are retracted. The top 
of the installation is usually completed in a manner consistent 
with regulatory requirements. The well can be developed to 

remove mobile sediments. Water levels can be measured, and 
water samples are taken as required in the sampling plan. 

5. Significance and Use 

5.1 The direct push ground method is a rapid and economi­
cal procedure for installing ground water monitoring wells to 
obtain representative ground water samples and location-
specific hydrogeologic measurements. Direct push installations 
may offer an advantage over conventional rotary drilled 
monitoring wells (Practice D 5092) for ground water investi­
gations in unconsolidated formations because they reduce 
disturbance to the formation, and eliminate or minimize drill 
cuttings. At facilities where contaminated soils are present, this 
can reduce hazard exposure for operators, local personnel, and 
the environment, and can reduce investigative derived wastes. 
Additionally, smaller equipment can be used for installation, 
providing better access to constricted locations. 

5.2 Direct push monitoring wells generally do not extend to 
depths attainable by drilling. They are also typically smaller in 
diameter than drilled wells, thereby reducing purge water 
volumes, sampling time, and investigative derived wastes. 
Practice D 5092 monitoring wells are used when larger diam­
eters and/or sample volumes are required, or at depths to which 
it is difficult to install direct push wells. Direct push monitoring 
wells should be viable for monitoring for many years. 

5.3 Prior to construction and installation of a direct push 
well or any other type of ground water well the reader should 
consult appropriate local and state agencies regarding regula­
tory requirements for well construction in the state. A regula­
tory variance may be required for installation of direct push 
monitoring wells in some states. 

5.4 To date, published comparison studies between drilled 
monitoring wells and direct push monitoring wells have shown 
comparability (1, 2, 3, 4, 5). However, selection of direct push 
monitoring wells over conventional rotary drilled wells should 
be based on several criteria, such as site accessibility and 
penetrability, stratigraphic structure, depth to groundwater, and 
aquifer transmissivity. 

5.5 Typical penetration depths for installation of ground 
water monitoring wells with direct push equipment depend on 
many variables. Some of the variables are the size and type of 
the driving system, diameter of the drive rods and monitoring 
well, and the resistance of the earth materials being penetrated. 
Some direct push systems are capable of installing ground 
water monitoring wells to depths in excess of 100 feet, and 
larger direct push equipment, such as the vibratory sonic type 
drill (Guide D 6286) are capable of reaching much greater 
depths, sometimes in excess of 400 ft. However, installation 
depths of 10 to 50 feet are most common. Direct push methods 
cannot be used to install monitoring wells in consolidated 
bedrock (for example, granite, limestone, gneiss), but are 
intended for installation in unconsolidated materials such as 
clays, silts, sands, and some gravels. Additionally, deposits 
containing significant cobbles and boulders (for example, some 
glacial deposits), or strongly cemented materials (for example, 
caliche) are likely to hinder or prevent penetration to the 
desired monitoring depth. 

5.6 For direct push methods to provide accurate ground 
water monitoring results, precautions must be taken to ensure 
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that cross-contamination by “smearing” or “drag-down” (that 
is, driving shallow contamination to deeper levels) does not 
occur, and that hydraulic connections between otherwise iso­
lated water bearing strata are not created. Similar precautions 
as those applied during conventional rotary drilling operations 
(Guide D 6286) should be followed. 

5.7 There have been no conclusive comparisons of effec­
tiveness of sealing between drilled monitoring wells and direct 
push monitoring wells. As with drilled monitoring wells, 
sealing methods must be carefully applied to be effective. 

5.8 Selection of direct push monitoring wells versus con­
ventional rotary drilled monitoring wells should be based on 
many issues. The advantages and disadvantages of the many 
available types of driving equipment and well systems must be 
considered with regard to the specific site conditions. Specific 
well systems and components, as well as direct push driving 
equipment, are described in Section 7. 

5.9 Advantages: 
5.9.1 Minimally intrusive and less disturbance of the natural 

formation conditions than many conventional drilling tech­
niques. 

5.9.2 Rapid and economical. 
5.9.3 Smaller equipment with easier access to many loca­

tions. 
5.9.4 Use of shorter screens can eliminate connections 

between multiple aquifers providing better vertical definition 
of water quality than long well screens. 

5.9.5 Generates little or potentially no contaminated drill 
cuttings. 

5.9.6 Less labor intensive than most conventional drilling 
techniques. 

5.10 Disadvantages: 
5.10.1 Cannot be used to install monitoring devices in 

consolidated bedrock and deposits containing significant 
cobbles and boulders. 

5.10.2 Small diameter risers and screens limit the selection 
of useable down-hole equipment for purging and sampling. 

5.10.3 Difficulty installing sand pack in small annular space 
if gravity installation of sand pack is used. 

5.10.4 Difficulty installing grout in same annular space 
unless appropriately designed equipment is used. 

6. Pre- nstallation Considerations 

6.1 Site Characterization—Successful installation of direct 
push ground water monitoring wells must be preceded by 
appropriate site characterization activities. These activities 
may include reconnaissance, research, conceptual model de­
velopment, exploratory field investigations, and confirmation 
and re-evaluation of any existing flow models. 

6.2 For the installation to be successful, it is imperative that 
the target aquifer be located accurately. As with any well 
installation, the geologic conditions must be understood and 
the stratigraphy must be known. Although direct push wells 
can monitor thinner aquifers, with more precision, they may be 
ineffective is incorrectly placed. In thicker aquifers, and when 
seeking dense non-aqueous phase liquids, screens may need to 
be located in the bottom of the water-bearing stratum. Wells 
placed without determination of nearby geologic conditions 
can be ineffective and possibly dangerous. Geologic investiga­

tions should look for perched aquifers and use installation 
methods which will avoid any crosscontamination of the unit. 

6.3 Environmental site characterization approaches are de­
scribed in Guide D 5730. Proper site characterization for 
monitoring well placement is reviewed in Practice D 5092 on 
Monitoring Well Design. 

6.3.1 Characterization Tools—In geologic settings ame­
nable to the use of direct push ground water monitoring wells, 
other direct push methods and tools can likely also be used to 
effectively characterize the site. For example, the Cone Pen­
etrometer Test (CPT) (Guide D 6067) is an effective tool for 
mapping stratigraphy and locating target layers. Other sensors, 
such as electrical conductivity and optical detectors have been 
placed on CPT and other direct push systems. Direct push soil 
sampling (Guide D 6282) and water sampling (Guide D 6001) 
can be used in advance to locate strata of concern. Direct push 
characterization experience at a site can guide the user in well 
design or device selection. 

6.3.2 Sampling During Installation—Many direct push sys­
tems can take soil or water samples as part of the well 
installation process. For example, two-tube systems described 
in direct push soil sampling Guide D 6282 can be used to 
collect soil samples while driving. When the target aquifer is 
reached, the well screen system can be installed in the casing. 
Sampling data taken prior to well installation can confirm the 
target stratum has been reached. 

6.3.3 Sampling Systems—There is a wide variety of direct 
push ground water sampling systems which can also be used 
for ground water monitoring. Direct push water sampling 
Guide D 6001 describes exposed screen versus protected 
screen samplers. Guide D 6282 describes the differences in 
two-tube and single-rod direct push soil sampling systems. 

6.4 Access and Clearances—The selection of driving equip­
ment should consider the accessability of the installation site. 
The site should be surveyed for accessibility. Utility clearances 
may be required. Certain driving methods are incompatible 
with nearby hazards (for example, flammables). Also check for 
overhead utility lines during the site survey. 

6.5 Well Size Selection—Driving resistance can govern the 
selection of an appropriate well diameter. Driving resistance 
can be evaluated by direct push testing on the site prior to well 
installation. Larger diameter monitoring wells may be easy to 
install on soft or loose ground sites. Smaller diameter moni­
toring wells may facilitate deeper installation on sites that are 
more resistant to penetration, but also present additional 
considerations for use as discussed below. 

6.5.1 The availability of appropriate well development and 
sampling equipment for use in small-diameter monitoring 
wells may be limited. Many conventional down-hole pumps 
for purging and sampling are too large for use in small-
diameter screens and risers. 

6.5.2 Small diameter monitoring wells, because they are 
generally less rigid than larger diameter monitoring wells, 
require special attention during backfilling to maintain vertical 
alignment. This may include the use of centralizers. 

7. Direct Pus ells Systems and Components 

7.1 Drive Rod and Casing—In some instances the well 
itself may serve as the drive rod. Otherwise, it either surrounds 
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the well casing or is contained within it diuring installation, 
and is then removed. Direct push drive rod is typically 
constructed of steel in threaded sections. Lengths of 3.3 ft or 5 
ft are common. The diameter selected will depend on the 
driving resistance of the soil and well size considerations. 
Consult experienced area contractors or qualified manufactur­
ers to select the appropriate diameters for the site. Drive rods 
used inside of casings range from 0.5 to 1.25 in. in diameter. 
Outer drive casings of up to 4.5-in. diameter have been used at 
relatively soft or loose soil sites allowing installation of 2-in. 
screen/riser assemblies. The most common casing sizes are 2 to 
3 in. Large drive rods can be advanced with large vibratory 
drills (Guide D 6286). Threaded sections can be outfitted with 
o-ring seals or PFTE tape to reduce ground water infiltration. 
Drive casings are equipped with expendable steel or aluminum 
drive points that are left in the bottom of the well. 

7.2 Well Screen and Riser Pipe—Slotted PVC with flush-
joint riser pipe is commonly used in the installation of direct 
push monitoring wells. Sizes range from 1 2 in. to 2 in. 
(Schedules 40 and 80). Other riser screen and riser materials 
such as stainless steel, polyethylene, or PTFE may be used. 
PVC is preferred due to its low cost and because it is relatively 
inert. Selection of well material should consider possible 
material interactions with the contaminant being monitored. 
While PVC and Stainless steel are commonly used in most 
monitoring wells without any problem, there are extreme 
environmental conditions that could lead to failure of these 
materials. PVC should not be exposed to neat organic solvents 
(that is, pure products) that are PVC solvents or swelling 
agents or to extremely high concentrations of these chemicals 
(approaching a saturated solution) (5, 6, 7, 8, 9, 10). Although 
there is very little data on the expected life of steel well casings 
(11), stainless steel is reported to perform well in most 
environments (11, 12, 13). Stainless steel should be avoided in 
extremely corrosive conditions, which may include water high 
in chlorides, low in pH, high in dissolved solids or high in 
dissolved oxygen (14, 15, 16, 17). As screen and riser pipe may 
contain chemical residue from manufacturing, the screen and 
riser should be cleaned prior to installation. Threads of the riser 
pipe can be sealed with O-rings or by using PTFE tape. 

7.2.1 Slotted (PVC) or wire-wrapped (steel) well screen is 
normally supplied with slot widths of 0.01 or 0.02 in. The 
screen can be wrapped with stainless steel wire mesh of 0.006 
in. opening. The selection of slot size depends on the formation 
grain size distribution and if a sand pack will be needed to 
reduce turbidity. Practice D 5092 provides slot size and sand 
pack selection criteria. 

7.2.2 A sediment trap may be specified. If the riser is lifted 
and needs to be pushed back into place, pointed sediment traps 
are useful. 

7.3 Sand Pack—The use of sand packs assists in reducing 
turbidity and the amount of well development required to 
obtain low turbidity samples. Monitoring wells without sand 
packs will likely yield more turbid water, which may impact 
the results of some chemical analyses. However, a filter can be 
as thin as several grain diameters to be effective. Improving 
well yield is not the purpose of the sand pack; yield is 
controlled by the formation. For monitoring of metals, filtering 

of samples (Guide D 6564) may be required for samples with 
elevated turbidity levels. 

7.3.1 Sand Pack Selection and Size Range—Formations of 
clean sands and gravels (that is, less than 5 fines) may not 
require a sand pack. For soil containing appreciable fines, use 
of a sand pack should be considered. The gradation require­
ment depends on the particle size distribution in the target 
aquifer. Refer to Practice D 5092 for criteria on sand pack 
design. 

7.3.2 Pre-packed Screens—Pre-packed screen systems are 
intended to ease the installation of sand in direct push cased 
monitoring wells by carrying it with the casing. The prepack 
sections use hollow stainless steel screen casings to accommo­
date the slotted riser. A screen opening of 0.006 in. is typical. 

7.4 Seals—In addition to the sand pack, a seal above the 
screen is needed. Current state regulations and EPA guidance 
documents (18, 19, 22) require the installation of annular seals 
and grouting of the well annulus to prevent potential cross 
contamination along the well bore and the possibility of surface 
water or chemical spills from contaminating the monitored 
aquifer(s). Sealing is necessary to prevent infiltration of surface 
runoff and to maintain the hydraulic integrity of confining 
layers. The sealing required depends on the formation, well 
type, and installation technique (Section 8). Several methods 
can be used to assure a seal above the screened zone. Most 
completion methods with cased systems use tremie grout 
placed as the casing is withdrawn. The grout can be bentonite 
or cement similar to that specified in Guides D 6001, D 6282, 
and Practice D 5092. A typical well completion diagram is 
shown on Fig. 1. A grout barrier of fine to medium sand is used 
to protect the sand pack or screened interval from infiltration of 
grout, which can change the local water chemistry. Practice 
D 5092 addresses this subject. 

7.4.1 Mechanical techniques can also be used to create an 
effective seal. For example, Fig. 2 depicts a solid metal sleeve 
left in the ground, and Fig. 3 shows modular expandable foam 

FIG. 1 Example of a Completed Direct Push Monitoring Well (20) 
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FIG. 2 Example of a Steel Seal Body Above the Screen 

FIG. 3 Direct Push Well with Modular Sealing Components 

and bentonite sleeves used above the screened interval. Rubber 
wiper seal may also be used. Whether this barrier is formed by 
the addition of fine to medium sand, by collapse of the 
surrounding formation, or mechanically, the materials em­
ployed must be chosen to be compatible with the local 
groundwater conditions and contaminants of interest. 

7.5 Modular Well Systems—The most recent developments 
have been towards the use of modular components for placing 
sand pack and seals. Pre-packed screens can be used with most 
drive systems. The screens are stainless steel wire mesh filled 
with sand of different gradations. Fig. 3 shows the use of these 
modular sand packs. 

7.6 Other Variations—Numerous innovations have been 
developed for ground water monitoring through direct push 
well systems. For example, multiple screened sections can be 
completed in one installation, and sampling of multiple zones 
can be performed by using packers or sampling ports for 
ground water extraction. Another recent development has been 
the use of everting flexible sock system liners to seal the 
borehole and isolate a water sampling interval (21). 

8. nstallation Tec ni ues  

8.1 There are several techniques for installing direct push 
monitoring wells. Techniques can be broadly classifieds into 
two categories: exposed screen techniques, and protected 
screen techniques. Each of the systems described hereafter may 
require a unique installation procedure. Regardless of the 
choice of techniques and systems, a written operating proce­
dure should be developed which allows some flexibility in 
response to field conditions. Project sampling plans and stan­
dard operating procedures should be consulted prior to instal­
lation. 

8.2 Direct Push Driving Equipment—Direct push Guides 
D 6001 and D 6282 describe typical driving systems. Some 
systems are manual (slam bar, hand held electric or pneumatic 
hammers), static weight (cone penetrometers), percussion (hy­
draulic hammers, air hammers, electric hammers), and vibra­
tory systems. In some cases, direct push monitoring wells may 
be installed in combination with rotary drilling. 

8.3 Exposed Screen Techniques—One method of installing 
direct push wells is to advance a screen and riser of constant 
diameter that remain in direct contact with the formation 
during installation. The riser may be driven either alone or by 
using a mandrel rod inside the screen and riser (Fig. 4). 
Because the well screen is exposed to soil during driving, 
development by surging or jetting will be necessary to remove 
sediment from the screen slots (see Guide D 5521 for well 
development methods). When installing exposed screen moni­
toring wells the slotted screens may become clogged with 
fine-grained materials if any are present in the penetrated 

FIG. 4 Example of an Exposed Screen Driven Well Point (11) 
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formation. If the zone penetrated with the slotted screens is 
contaminated the materials trapped in the screens may be 
contaminated and result in cross contamination of the screened 
interval. Additional development may be required to remove 
the material clogged in the screens. Failure to remove such 
material may bias sample quality. 

8.3.1 Driven or etted Wellpoints—As is commonly prac­
ticed in other hydrology applications (for example, construc­
tion site dewatering), well points can be jetted or driven 
(hammer or vibration) through sands. Fig. 4 shows this simple 
type of installation. At many saturated sand sites, the well point 
can be quickly driven using vibrators or vibratory hammers. 
Well points are generally 2 to 3 in. diameter and constructed of 
slotted or wire-wrapped steel or stainless steel. Slot widths of 
0.01 to 0.02 in. are typical. These monitoring wells perform 
well in clean, coarse to medium sand deposits, but they do not 
have a sand pack and will yield sediment in soils containing 
fines. The use of jetting will reduce effective sealing above the 
screen. Installation by jetting with water or other fluids is not 
recommended for environmental water quality monitoring 
wells, as injection of large volumes of fluids into the local 
formation will result in significant alteration of the local 
ground water geochemistry. 

8.3.2 Mandrel-Driven Screen and Riser—Fig. 5 shows a 
section of poly vinyl chloride (PVC) screen and riser that is 
driven using inner steel CPT rods. A drive tip slightly over-
reams the hole to reduce friction on the riser pipes. Through 
experience, the drive tip diameter can be optimized to assure 
good sealing above the screen. With this type of installation, 
rigorous development to remove possible cross-contamination 
must be performed. A combination of mechanical surging and 
continuous withdrawal of the well water is effective for this 
purpose. See Guide D 5521 for well development guidance. 

8.4 Protected Screen Techniques—Protected screen tech­
niques do not allow the well screen to come in contact with the 
formation until the screened section is at the target installation 
depth. The well is driven inside of a protective outer casing, or 
lowered down into the casing once it has been driven to the 
desired depth. A variety of sand pack and sealing approaches 

are available, as discussed in subsequent sections. There may 
be difficulty in installing sand pack or grout in the annular 
space that is created. However, the use of pre-packed well 
screens facilitates the quick and accurate placement of the sand 
pack. Additionally, new grouting technology allows for effi­
cient and accurate placement of seals and grout by the 
bottom-up tremie method recommended by EPA guidance (11, 
18, 19) and most state regulatory agencies. 

8.4.1 Single Rod Wells—Guide D 6001 describes rod-driven 
water samplers which can be driven and left in place as 
monitoring points without backfilling. Fig. 6 shows a typical 
rod-driven water sampler. If the drive rod is smaller in diameter 
than the sampler body, surface infiltration can be prevented by 
grouting the annular space above the sampler body. Otherwise, 
the only seal will be between the formation and that portion of 
sampler body above the screen. If the annulus between the 
drive rod and soil remains unsealed, such installations are 
satisfactory only for monitoring the uppermost portions of 
surficial aquifers, and where potential contamination by infil­
tration from above is not a concern. Most conventional direct 
push water samplers of this type are typically not left in the 
ground for long periods due to equipment expense. However, 
low-cost versions of these samplers are available and can be 
used for long-term installations. 

8.4.2 Two-Tube Systems—Many protected screen direct 
push monitoring wells are installed by first advancing the outer 
tube to the bottom of the desired screen interval. Then the 
screen(s) and riser are assembled and lowered through the open 
bore of the probe rods. Following this, the outer tube is 
retracted while the screen(s) and riser remain in place. The 
grout barrier, annular seal and grout are then installed by 
appropriate methods. With non-percussive driving systems the 
screen and riser may be advanced along with the protective 
casing without risking damage. Monitoring wells installed 
using a two-tube system are similar to rotary monitoring wells 
(Practice D 5092) in that they can contain a sand pack, seal, 
and annulus sealing to the surface. The well assembly may 
include a pre-fabricated sand pack or other modular compo­
nents as illustrated in Fig. 7. By using the protective casing, the 
well can be installed through multiple aquifers. The well may 

FIG. 5 Mandrel Pushed Screen and Riser FIG. 6 Typical Rod Driven Water Sampler (23) 
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FIG. 7 Example of Prepac ed Screens Installed After the Drive
 
Casing is in Position (20)
 

be lowered down into the casing following driving and prior to 
casing withdrawal, or the bottom end may be attached to an 
expendable push point, which remains in the ground upon 
retraction of the drive rods and acts as an anchor. The casing 
provides a positive temporary seal and allows for control of 
sand pack and permanent seal placement as it is retracted. 
Two-tube systems also allow for soil or ground water sampling 
along the way. However, they must be checked for standing 
water in the outer tube which, if not drained, may impact 
sample quality. Typical well diameters are from one-half to two 
inches. 

8.4.3 Filter Packs and Seals—In a surficial aquifer it may 
be appropriate to allow the formation to collapse back in 
against the screen and riser without adding a sand pack. In this 
case the surface completion method must provide adequate 
protection against infiltration by surface runoff. Otherwise, 
sand pack and seals, if not provided by pre-packed or modular 
construction (7.3.2 and 7.5, respectively), can be placed by 
tremic or pouring methods, or by pumping. 

9. nstallation Procedure 

9.1 Decontamination of Materials—Well components and 
installation equipment may require decontamination before 
and/or after well installation. Consult Practice D 5088 for 
decontamination procedures. If the well is to be used for water 
chemistry testing, at least one rinseate sample of the well 
material will be required following decontamination and prior 
to installation. 

9.2 Installation—Drive the direct push monitoring well in 
accordance with the standard operating procedures developed 
for the push system and/or monitoring well (8.1). Record all 
assembly lengths and rod or casing lengths, and any unusual 
driving conditions as the push progresses on the well comple­
tion log (Fig. 8). Record water levels if required (see Test 
Method D 4750). For cased systems in sand below the water 
table, it may be necessary to fill the casing with clean water to 
prevent sand heaving. With cased systems, it may be necessary 
to check for ground water infiltration using a water level meter 

FIG. 8 Example of a Direct Push Well Completion Report 

prior to detaching the expendable tip. This check is imperative 
in conditions of contaminated perched water. 

9.3 Centralizers—For small diameter casings (less than half 
the size of the borehole created), the use of centralizers 
prevents deflections of the riser during backfilling of the 
annular space. Riser deflection can later interfere with the free 
passage of bailers and other equipment through the casing. 
Centralizers may also assist in sealing procedures by keeping 
the riser in a consistent position within the borehole. 

9.4 Sealing—Procedures for sealing direct push monitoring 
wells are similar to those in Practice D 5092. Direct push 
sealing considerations and procedures are also addressed in 
sampling Guides D 6001 and D 6282. Groundwater that has 
entered the cased system may cause difficulty in placing seal 
materials by the gravity-pouring method. New grouting equip­
ment allows for efficient and effective installation of well seals 
and grout (20 to 30 solids bentonite) by bottom-up tremie 
methods with tremie tubes as small as 0.25-in. inside diameter. 
Depth to the top of seal materials can be periodically checked 
using rods or weighted tape lowered into the annular space. 

9.5 Surface Completion—Well capping details vary from 
simple to detailed, similar to rotary drilled monitoring wells. 
After the final height of the riser is established, record the 
elevation of the top of the riser pipe. 

9.6 Well Development—Direct-push monitoring wells can 
be developed using mechanical surging, pumping and back-
washing, hydraulic jetting, or inertial lift pumps. The first three 
methods are described in detail in Guide D 5521. Inertial-lift 

7 



D 6724 – 04 
  

pumps (also referred to as tubing check valve pumps) are 
operated by oscillating a piece of rigid or semi-rigid tubing, 
with a simple ball check valve on the down-hole end, in the 
water column within the well screen. The tubing and check 
valve act like a surge block, alternately forcing water to flow 
into the well (on the upstroke) and out of the well (on the 
downstroke), and significantly agitating the water column in 
the well and the water contained within the filter pack and the 
adjacent formation materials. The downstroke causes a back-
washing action to loosen bridges in the formation and filter 
pack, and fills the tubing with water and suspended sediment 
brought into the well during the upstroke. The upstroke pulls 
dislodged fine-grained material into the well and causes water 
in the tubing to move upward under inertia, as the tubing is 
pushed back into the well. This oscillation of the tubing is 
repeated until water and suspended sediment are discharged 
from the tubing at the surface; development is complete when 
the water being discharged is free of suspended sediment. 
Additional purging with a pumping method that does not surge 
the well (peristaltic, bladder, etc.) may be needed to achieve 
low turbidity levels required for some analytes. Information on 
different monitoring well development and purging devices is 
available in Guide D 6634. Details on development methods 
may be found in Practice D 5092, Guide D 5521, EPA 1986, 
1991, and Nielsen 1991. 

9.6.1 In predominantly fine-grained formation materials 
(with a high silt and clay content), attempts to develop 
direct-push wells may not improve well yield and may result in 
increases in suspended sediment, clogging of the well screen 
and filter pack, or damage to the screen or filter pack. Pumping 
the well at a low flow rate, to the point at which pump 
discharge is free of suspended sediment (using a peristaltic 
pump, bladder pump, or gas-displacement pump), is often an 
effective development method for wells installed in fine-
grained formations. 

9.6.2 Well development should be done either after the well 
casing, screen and filter pack have been installed and the drive 
casing has been pulled back to just above the top of the screen 
(i.e., prior to installation of annular seal materials), or after the 
entire well has been completed. In the latter case, it is 
necessary to wait until the annular seal materials have set or 
cured, typically 48 to 72 hours after well installation 

9.7 Purging and Sampling—Purging a direct-push monitor­
ing well is generally required prior to sampling the well. The 
types of devices appropriate for use in purging and sampling a 
direct-push monitoring well, and the procedures for using 
them, are described in detail in Guide D 6634. Because of the 
smaller inside diameter of most direct-push well, the selection 
of devices is more limited than it is for wells 2 in. nominal 
diameter and larger. Bladder pumps, gas-displacement pumps, 
peristaltic pumps, bailers, and inertial-lift (tubing check valve) 
pumps may all be used for both purging and sampling. Guide 
D 6634 should be consulted to determine the conditions and 
analytes for which each device is appropriate. Additional 
information on sampling and equipment methods and proce­
dures can be found in Guide D 4448, EPA 1986, 1991, 1992, 
1996, and Nielsen 1991. Information on decontamination of 
sampling equipment is provided in Practice D 5088 and Parker 

and Ranney 2000. In wells in which low-flow purging and 
sampling methods (Practice D 6771) are to be used, or from 
which low-turbidity samples are required, bailers and inertial-
lift pumps are not appropriate devices. Bladder pumps are now 
available in sizes as small as 1/2 in. diameter and are well 
suited for low flow sampling. Low flow purging and sampling 
(Practice D 6771) is highly recommended when sampling for 
metals in groundwater or other parameters that are affected by 
elevated turbidity, as well as sampling VOC’s. 

9.8 Maintenance—Monitoring wells that will be used for 
sufficiently long that biofouling or silt accumulation will be a 
concern may require periodic maintenance. Maintenance prac­
tices might include disinfection, acid treatment, and redevel­
opment and purging. However, using acid on stainless steel 
systems is not recommended because of problems with corro­
sion, and both disinfection and acid treatment are discouraged 
for environmental water quality monitoring wells as these 
practices may significantly alter the local chemistry. 

9.9 Abandonment/Decommissioning—Direct push sampling 
wells may require removal or closure either at the end of their 
service life or if an installation attempt is unsuccessful (for 
example, equipment breakage or failure to reach target depth). 
The closure and plugging of such wells should be done in 
accordance with Practice D 5299. relative to techniques for 
direct push wells. It may be sufficient to fill the screen and riser 
with an impermeable grout, or if plugging the well is not 
acceptable, the casing may be removed by rotary over-drilling 
using a hollow stem auger. 

10. Field Report and Pro ect Control 

10.1 Record and report information as required in the 
sampling plan and as noted in Section 8 on the well installa­
tion. An example of a well completion report form is shown on 
Fig. 8. 

10.2 Report any subsurface investigation data that are re­
quired in the sampling plan and consult Guide D 5434 on 
logging of subsurface investigations. 

10.3 If the well data are to be used in a Geographic 
Information System, consult Guide D 5254 on minimum data 
elements for documenting a ground water sampling site. 

10.4 Well development events may require a separate report 
of monitored ground water conditions during development. 

10.5 A field notebook should be kept to document all 
activities relevant to the work plan. Activities include sampling 
events and conditions that occur during installation, develop­
ment, and sampling as part of a quality assurance program. 

10.6 If samples are obtained during the installation, as with 
two-tube soil sampling Guide D 6282, record and report the 
sample intervals and the data that are required. 

10.7 If water samples are acquired during the push (Guide 
D 6001), record the purge watcr volumes and any monitored 
water quality indicators. 

10.8 Record and report the depth of the push, and details 
such as effective screen length, effective seal lengths, backfill­
ing and sealing methods. As the well is completed, ensure that 
all necessary installation information is recorded. 
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YLVXDOO\�FOHDU�RI�VLJQLILFDQW�VXVSHQGHG�VHGLPHQW��RU�XQWLO�WKH�FRQWHQW�RI�VXVSHQGHG� 
VHGLPHQW� DSSHDUV� WR� VWDELOL]H� DIWHU� VLJQLILFDQW� SXPSLQJ�� � 7XELQJ� VKRXOG� EH� 
SHULRGLFDOO\�UDLVHG�DQG�ORZHUHG�ZLWKLQ�WKH�ZHOO�GXULQJ�SXPSLQJ���� 

���	 2YHUSXPSLQJ�VKRXOG�EH�FRPELQHG�LQWHUPLWWHQWO\�ZLWK�PHFKDQLFDO�VXUJLQJ�WKURXJK�WKH�XVH� 
RI�D�EDLOHU�DQG�RU�VXUJH�EORFN���7KH�SXUSRVH�RI�VXUJLQJ�LV�WR�IUHH�FROOHFWHG�VHGLPHQW�IURP� 
WKH�ILOWHU�SDFN�DQG�ZHOOVFUHHQ���7KH�IROORZLQJ�SURFHGXUH�LV�IROORZHG�� 

D��	 6ORZO\� ORZHU� WKH�VXUJH�EORFN�RU�EDLOHU� WR� WKH�ERWWRP�RI� WKH�ZHOO�� LQFUHDVLQJ� WKH� 
VSHHG�RI�ORZHULQJ�DQG�UHWUDFWLQJ�QHDU�WKH�ERWWRP�RI�WKH�ZHOOVFUHHQ���&DUH�VKRXOG� 
EH� WDNHQ� QRW� WR� FRPSDFW� DFFXPXODWHG� VHGLPHQW� RU� IRUFH� LW� RXW� WKURXJK� WKH� 
ZHOOVFUHHQ�� � &DUH� VKRXOG� DOVR� EH� WDNHQ� WR� SUHYHQW� WKH� VXUJH� EORFN� IURP� IUHHO\� 
IDOOLQJ� WR� WKH� ERWWRP� RI� WKH� ZHOO�� SRVVLEO\� IRUFLQJ� RII� RU� EUHDNLQJ� WKH� HQG� FDS� 
�ZHOO�SRLQW��� 

� 

&RS\ULJKW�������*=$�*HR(QYLURQPHQWDO��,QF��	 �� 



0DVWHU�4$33� :HOO�'HYHORSPHQW� 
'DWH��������������UHYLVLRQ��� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� 
� 
��� 

E�� &RQWLQXH�WR�LQWHUPLWWHQWO\�VXUJH�DQG�RYHUSXPS�WKH�ZHOO��XQWLO�D�PLQLPXP�RI�WKUHH� 
WR� ILYH� ZHOO� YROXPHV� KDYH� EHHQ� UHPRYHG� IURP� WKH� ZHOO� DQG� WKH� SXUJH� ZDWHU� LV� 
FOHDU�� �$Q�DGGLWLRQDO�YROXPH�PD\�QHHG� WR�EH�UHPRYHG�GHSHQGLQJ�RQ�WKH�GULOOLQJ� 
PHWKRG�XVHG���,I�ZDWHU�LV�ORVW�WR�WKH�IRUPDWLRQ�GXULQJ�GULOOLQJ�WKDW�YROXPH�RI�ZLOO� 
QHHG�WR�EH�UHFRYHUHG�GXULQJ�ZHOO�GHYHORSPHQW�� 

� 
%DLOLQJ� 
� 
�� 6HFXUH�EDLOHU�URSH�WR�D�FOHDQ�EDLOHU�� �7LH�D�EDLOHU�ULQJ�WR�WKH�HQG�RI�WKH�URSH�WR�NHHS�WKH� 

URSH� IURP�EHLQJ�SXOOHG�EDFN� LQWR� WKH�ZHOO�� � $OORZ� WKH�EDLOHU� WR� IUHH� IDOO�GRZQ� WKH�ZHOO� 
XQWLO� LW� VWULNHV� WKH� VXUIDFH� RI� WKH� ZDWHU�� � 7KH� FRQWDFW� RI� WKH� EDLOHU� SURGXFHV� D� VXUJH� RI� 
ZDWHU�IRUFHG�RXW�WKH�ERUHKROH�LQ�WKH�IRUPDWLRQ���5HPRYH�WKH�EDLOHU�IURP�WKH�ZHOO�RQFH�LW� 
ILOOV���$V�WKH�EDLOHU�ILOOV�DQG�LV�UDSLGO\�ZLWKGUDZQ�IURP�WKH�ZHOO��SDUWLFXODWH�PDWWHU�IORZV� 
LQWR�WKH�ZHOO�� 

��	 &RQWLQXH� EDLOLQJ� XQWLO� WKH� ZDWHU� LV� IUHH� RI� VXVSHQGHG� VHGLPHQWV�� � ,Q� JHQHUDO�� D� SXUJH� 
YROXPH� RI� WKUHH� WR� ILYH� WLPHV� WKH� ZHOO� YROXPH� LV� WKH� PLQLPXP� YROXPH� WR� EH� UHPRYHG� 
IURP�WKH�ZHOO��UHJDUGOHVV�RI�ZKHWKHU�WKH�ZDWHU�LV�IUHH�RI�VXVSHQGHG�VHGLPHQWV���,W�DVVXPHV� 
QR� ZDWHU� ZDV� ORVW� WR� WKH� IRUPDWLRQ� GXULQJ� GULOOLQJ�� � 7KH� DGGLWLRQDO� YROXPH� SURGXFHG� 
GXULQJ�GULOOLQJ�ZLOO�DOVR�QHHG�WR�EH�UHPRYHG�GXULQJ�GHYHORSPHQW�� 

��	 ,I�WKH�ZHOO�LV�GHZDWHUHG�GXULQJ�EDLOLQJ��UHVXPH�EDLOLQJ�RQFH�WKH�ZHOO�KDV�UHFRYHUHG�� 

��	 'XULQJ�EDLOLQJ��FDUH�VKRXOG�EH�WDNHQ�WR�NHHS�WKH�EDLOHU�URSH�RII�WKH�JURXQG���,I�LW�PDNHV� 
FRQWDFW�ZLWK� WKH�JURXQG� VXUIDFH��DQ\�FRQWDPLQDQWV�RQ� WKH�JURXQG�PD\�EH� LQWURGXFHG� WR� 
WKH�ZHOO�� 

� 
:HOO�9ROXPH�&DOFXODWLRQV� 
� 
7KH�SXUJH�YROXPH�LV�HTXDO�WR�K�[������U������[������JDO�IW��� 
� 
2QH�SXUJH�YROXPH�LV�HTXDO�WR��K��
��I��� 
�	 ZKHUH��� 

K� �KHLJKW�RI�WKH�ZDWHU�FROXPQ��GHSWK�WR�ERWWRP�±�GHSWK�WR�ZDWHU��LQ�IHHW��DQG�� 
�	 I� �WKH�YROXPH�LQ�JDO�IRRW�IURP�WKH�DERYH�WDEOH�� 
�� 
7KH�YROXPH��RQH�SXUJH�YROXPH��LQ�JDOORQV�IHHW�IRU�FRPPRQ�VL]H�PRQLWRULQJ�ZHOOV�DUH�DV�IROORZV�� 
� 

:HOO�'LDPHWHU��LQFKHV�� �� ���� �� �� �� �� 

9ROXPH��JDO�IHHW�� ������ ������ ������� ������� ������� ������� 

� �
 
�
 

� 

&RS\ULJKW�������*=$�*HR(QYLURQPHQWDO��,QF��	 �� 



0DVWHU�4$33� :HOO�'HYHORSPHQW� 
'DWH��������������UHYLVLRQ��� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�/���� 
� 
��� 
5(&25'6�$1'�'2&80(17$7,21� 
� 
$OO�ZHOO�GHYHORSPHQW�LQIRUPDWLRQ�LQFOXGLQJ�WKH�SXUJH�FDOFXODWLRQ�DQG�UHVXOWLQJ�YROXPH�SXUJHG�� 
YLVLEOH�ZDWHU�TXDOLW\� �DSSHDUDQFH��DQG�FKDQJHV�RI�YLVLEOH�ZDWHU�TXDOLW\��DQG�DQ\�RGRUV�RU�RWKHU� 
LQIRUPDWLRQ�VKRXOG�EH�UHFRUGHG�LQ�WKH�ILHOG�QRWHERRN���� 
� 
63(&,$/�127(6� 
� 
1RQH�� 
� 
$33/,&$%/(�5()(5(1&(6�$1'�67$1'$5'6� 
� 
0DVVDFKXVHWWV� 'HSDUWPHQW� RI� (QYLURQPHQWDO� 3URWHFWLRQ�� 6WDQGDUG� 5HIHUHQFHV�� �:HOO� 
'HYHORSPHQW���6HFWLRQ�������0DUFK������� 
� 
8QLWHG� 6WDWHV� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� ±� 2IILFH� RI� 5HVHDUFK� DQG� 'HYHORSPHQW�� (3$� 
'RFXPHQW�����������������³+DQGERRN�RI�6XJJHVWHG�3UDFWLFHV� IRU� WKH�'HVLJQ�DQG�,QVWDOODWLRQ� 
RI�*URXQG�:DWHU�0RQLWRULQJ�:HOOV´��6HFWLRQ�����0DUFK������� 
� 
8QLWHG� 6WDWHV� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� ±� (QYLURQPHQWDO� 5HVSRQVH� 7HDP� 6WDQGDUG� 
2SHUDWLQJ�3URFHGXUHV�³:HOO�'HYHORSPHQW´�623�������5HYLVLRQ������2FWREHU����������� 
� 

� 
P�?ILOHV?QKGHV�PDVWHU�TDSS���MXQH�����?DSSHQGL[�G���VRSV?VRS�G����ZHOO�GHYHORSPHQW�GRF� 

� 

� 
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 Sampling Equipment 
 Decontamination Procedure 
Date: 05/24/11 - revision 0 Standard Operating Procedure No. L-14 

 SAMPLING EQUIPMENT DECONTAMINATION PROCEDURE 

PURPOSE 

This Standard Operating Procedure (SOP) Sampling Equipment Decontamination Procedure is 
designed to provide a procedure for preventing, minimizing, or limiting cross-contamination of 
environmental samples at the Troy Mills Landfill Superfund Site in Troy, New Hampshire. This 
SOP focuses on small equipment decontamination (e.g., split spoons, hand augers, water level 
meters, oil water interface probes, sediment dredge tools, etc.) which combines both physical and 
chemical removal steps. Removing or neutralizing contaminants from equipment not only 
minimizes the likelihood of sample cross contamination, but reduces or eliminates transfer of 
contaminants to clean areas and prevents the mixing of incompatible substances.  

Gross contamination can be removed by physical decontamination procedures. These abrasive 
and non-abrasive methods used by GZA typically include the use of brushes and high and low 
pressure water cleaning.  The first step, a soap and water wash, removes all visible particulate 
matter and residual oils and grease.  The second step involves a distilled/deionized water rinse to 
remove the detergent.  Next, a pesticide-grade hexanes rinse/wipe is performed for trace 
semi-volatile organics removal followed a pesticide-grade isopropanol rinse to remove trace 
volatile organics.  Isopropanol must evaporate completely prior to a final distilled/deionized 
water rinse. 

Note:  Field staff need to check with the principal-in-charge (PIC) and/or the project manager 
(PM) before conducting field work to confirm the actual field procedure to be followed and to 
discuss and document any deviations to GZA’s standard operating procedure (SOP). 

EQUIPMENT AND MATERIALS 

The following is a list of equipment and material commonly used for decontamination: 

y Non-phosphate detergent (alconox); 

y Selected solvent rinses (pesticide-grade isopropanol and pesticide-grade hexane); 

y Distilled or deionized water; 

y Long and short handled brushes and bottle brushes (that can fit within the bailer); 

y Drop cloth/plastic sheeting; 

y Paper towels; 

y Plastic / stainless steel tubs or buckets; 

y Pressurized sprayers; 

y Spray bottles;  

y Aluminum foil; 
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 Sampling Equipment 
 Decontamination Procedure 
Date: 05/24/11 - revision 0 Standard Operating Procedure No. L-14 

y Ziploc® plastic bags; and 

y Appropriate personal protective equipment (i.e., safety glasses appropriate gloves, boots). 

DECONTAMINATION PROCEDURES 

The decontamination line is setup so that the first station is used to clean the most contaminated 
item. It progresses to the last station where the least contaminated item is cleaned.  The spread of 
contaminants is further reduced by separating each decontamination station by a minimum of 
3 feet.  Ideally, the contamination should decrease as the equipment progresses from one station 
to another farther along in the line. 

The decontamination procedure is summarized as follows: 

1. Physical removal - non-phosphate detergent wash; 

2. Distilled/deionized water rinse; 

3. Solvent rinse bath (pesticide-grade hexanes); 

4. Solvent rinse wipe (pesticide-grade hexanes); 

5. Solvent rinse (pesticide-grade isopropanol); 

6. Air dry; 

7. Distilled/deionized water rinse; and 

8. Secure clean equipment. 

Note: The decontamination procedure for water level meters and oil/interface probes shall 
include special handling of the portion of the water level meter and oil interface probe that has 
been utilized in level measurement.  Rather than rolling the dirty tape back on to the reel, the tape 
shall be removed from the well by hand and placed in a clean 5-gallon plastic bucket for 
transportation to the decontamination station. The tape and the bucket will be decontaminated as 
outlined in the decontamination procedure.  

Physical Removal 
Fill a wash basin or a large bucket with non-phosphate detergent and tap water.  Scrub equipment 
with soap and water using bottle and/or bristle brushes.  For such equipment as bailers, ensure 
that the interior space is scrubbed with bottle brushes. Wash soap off of equipment with 
distilled/deionized water from a low-pressure sprayer. Repeat as many times as necessary. 

Sensitive equipment which is not waterproof should be wiped down with a damp cloth.  
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 Sampling Equipment 
 Decontamination Procedure 
Date: 05/24/11 - revision 0 Standard Operating Procedure No. L-14 

Solvent Bath/Wipe – Hexanes 
Rinse sampling equipment by thoroughly submerging contaminated equipment in hexanes 
contained in a stainless steel tub or bucket or other appropriate container (solvent bath).  Next, 
carefully wipe the equipment down (inside/outside, as appropriate) with a paper towel saturated 
with hexane (solvent wipe).  Allow hexanes to evaporate.     

Solvent Sprayer - Isopropanol 
Rinse sampling equipment with pesticide-grade isopropanol contained in a labeled spray bottle. 
Begin spraying (inside and outside) at one end of the equipment allowing the solvent to drip to 
the other end into a 5-gallon bucket. Rinse sampling equipment with distilled/deionized water 
with a low-pressure sprayer.  

Clean Equipment Drop 
Lay clean equipment on plastic sheeting.  Once air dried, wrap sampling equipment with 
aluminum foil, plastic, or other protective material. 

IDW (Investigative Derived Waste) Disposal
 
Solid Waste – Place all solid waste materials generated from the decontamination area (i.e., 

gloves and plastic sheeting, etc.) in an approved container.   


Liquid Waste – Place used soap water and isopropanol liquid wastes into labeled 5-gallon plastic 
containers and store with lid on. Place used hexane liquid wastes into labeled 4-liter glass 
containers. Return decontamination solids/fluid containers to office. Store waste in flammable 
storage cabinets and contact appropriate office personnel to arrange for disposal.   

RECORDS AND DOCUMENTATION 

General decontamination procedures should be documented in the field log book. 

SPECIAL NOTES 

All field activities must be carried out in accordance with a site-specific Health and Safety Plan. 
MSDSs are required to be on site when using decontamination acid and/or solvent solutions. 

APPLICABLE STANDARDS AND REFERENCES 

United States Environmental Protection Agency – Environmental Response Team Standard 
Operating Procedures “Sampling Equipment Decontamination” SOP #2006 Revision 0.0, 
August 11, 1994. 

Decontamination SOP in the current NHDES Hazardous Waste Remediation Bureau (HWRB) 
Master Quality Assurance Project Plan (HWRB Master QAPP), EPA RFA#08036 

p:\04jobs\0024400s\04.0024466.00\04.0024466.61 - troy spring 2011\work\task 3 -- sap revisions -- spring 2011 sap\appendix\appendix c - gza sop\sop b-10 equipment 
decon.doc 
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� &KDLQ�RI�&XVWRG\��6DPSOH�� 
3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�� 

'DWH��������������UHYLVLRQ������������� ��6WDQGDUG�2SHUDWLQJ�3URFHGXUH�±�/���� �� 

&+$,1�2)�&8672'<��6$03/(�3$&.$*,1*�$1'�6+,30(17�352&('85(6� 
� 
� 
385326(� 
� 
7KLV� 6WDQGDUG� 2SHUDWLQJ� 3URFHGXUH� �623�� &KDLQ�RI�&XVWRG\�� 6DPSOH� 3DFNDJLQJ� DQG� 6KLSPHQW� 
3URFHGXUHV� KDV� EHHQ� HVWDEOLVKHG� WR� SURYLGH� IRU� VDPSOH� LQWHJULW\� LQ� DGGLWLRQ� WR� SURSHU� VDPSOH� 
ODEHOLQJ� DQG� FRPSOHWLRQ� RI� &KDLQ�RI�&XVWRG\� �&2&�� IRUPV�� DQG� SURSHU� VDPSOH� SDFNDJLQJ� DQG� 
VKLSPHQW�IRU�WKH�7UR\�0LOOV�/DQGILOO�6XSHUIXQG�6LWH��7UR\���� 
� 
$�&2&�LV�D�OHJDO�GRFXPHQW�GHVLJQHG�WR�WUDFN�SHUVRQV�ZKR�DUH�UHVSRQVLEOH�IRU�WKH�SUHSDUDWLRQ�RI�WKH� 
VDPSOH� FRQWDLQHU�� VDPSOH� FROOHFWLRQ�� VDPSOH� GHOLYHU\�� VDPSOH� VWRUDJH�� DQG� VDPSOH� DQDO\VLV�� � 7KH� 
ILHOG� VDPSOHU� LV� SHUVRQDOO\� UHVSRQVLEOH� IRU� WKH� FDUH� DQG� FXVWRG\� RI� WKH� VDPSOHV� XQWLO� WKH\� DUH� 
WUDQVIHUUHG�RU�SURSHUO\�GLVSDWFKHG���$V�IHZ�SHRSOH�DV�SRVVLEOH�VKRXOG�KDQGOH�WKH�VDPSOHV���$�VDPSOH� 
LQFOXGLQJ�HPSW\�VDPSOH�FRQWDLQHUV��VDPSOHV�DQG�FRROHUV�DUH�XQGHU�D�SHUVRQ
 V�FXVWRG\�LI�LW�PHHWV�WKH� 
IROORZLQJ�UHTXLUHPHQWV�� 
� 
y ,W�LV�LQ�WKH�SHUVRQ
 V�SRVVHVVLRQ�� 

y ,W�LV�LQ�WKH�SHUVRQ
 V�YLHZ��DIWHU�EHLQJ�LQ�WKH�SHUVRQ
 V�SRVVHVVLRQ�� 

y ,W�ZDV�LQ�WKH�SHUVRQ
 V�SRVVHVVLRQ�DQG�LW�ZDV�SODFHG�LQ�D�VHFXUHG�ORFDWLRQ��RU� 

y ,W�LV�LQ�D�GHVLJQDWHG�VHFXUH�DUHD�� 
� 




1HYHU�OHDYH�VDPSOHV�LQFOXGLQJ�XQ�XVHG�VDPSOH�FRQWDLQHUV�XQDWWHQGHG�XQOHVV�WKH\�DUH� 

VHFXUHG�LQ�D�ORFNHG�YHKLFOH�RU�EXLOGLQJ�IRU�ZKLFK�QR�RQH�HOVH�KDV�DFFHVV



� 
� 
$OO�VDPSOHV�VXEPLWWHG�WR�D�ODERUDWRU\�VKDOO�EH�DFFRPSDQLHG�E\�D�SURSHUO\�FRPSOHWHG�&2&�IRUP��EH� 
SDFNDJHG� DQG� VKLSSHG� DV� DSSURSULDWH�� � $OZD\V� FKHFN� ZLWK� WKH� VHOHFWHG� ODERUDWRU\�VSHFLILF� 
UHTXLUHPHQWV�UHJDUGLQJ�&2&V�� 
� 
)RU�WKH�7UR\�SURMHFW��DOO�VDPSOHV�ZLOO�EH�GHOLYHUHG�WR�WKH�1HZ�+DPSVKLUH�'HSDUWPHQW�RI�+HDOWK� � 
+XPDQ� 6HUYLFHV�� 'LYLVLRQ� RI� 3XEOLF� +HDOWK� 6HUYLFHV� �1+'3+6�� /DERUDWRU\� LQ� &RQFRUG�� 1HZ� 
+DPSVKLUH��E\�*=$�DQG�RU�1+'(6�FRXULHU�ZLWK�WKH�H[FHSWLRQ�RI�VRLO�VDPSOHV�WR�EH�DQDO\]HG�IRU� 
692&V� �EDVH� QHXWUDOV��� FDUERQDWH� DONDOLQLW\�� VSHFLILF� FRQGXFWDQFH�� 253� DQG� &2'�� � 7KHVH� 
VDPSOHV�ZLOO�EH�VKLSSHG�GLUHFWO\�WR�(66�/DERUDWRU\�LQ�&UDQVWRQ�5KRGH�,VODQG�E\�*=$���([DPSOHV� 
&2&V�IRU�HDFK�ODERUDWRU\�DUH�DWWDFKHG���� 
� 
(48,30(17�$1'�0$7(5,$/6� 
� 
7KH� IROORZLQJ� LV� D� OLVW� RI� HTXLSPHQW� DQG� PDWHULDO� FRPPRQO\� XVHG� IRU� ODEHOLQJ�� SDFNDJLQJ� DQG� 
VKLSSLQJ�VDPSOHV�� 
� 

y &2&�IRUPV�VHDOV�� 
y EXEEOH�ZUDS�RU�DLU�FXVKLRQV�� 

� ��
 



 

� &KDLQ�RI�&XVWRG\��6DPSOH�� 
3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�� 

'DWH��������������UHYLVLRQ�������������	 ��6WDQGDUG�2SHUDWLQJ�3URFHGXUH�±�/���� �� 

y UH�VHDODEOH�SODVWLF�EDJV�� 
y SHUPDQHQW�ZDWHUSURRI�LQN�PDUNHU�� 
y EODFN�LQN�SHQ�� 
y ORRVH�LFH�� 
y VKLSSLQJ�FRROHUV�� 
y VDPSOH�ODEHOV�� 
y SDFNLQJ���DQG� 
y WDSH�� 

&8672'<�352&('85(6� 
� 
��	 7KH� ILHOG� VDPSOHU� ZLOO� UHYLHZ� WKH� 6DPSOLQJ� DQG� $QDO\VLV� 3ODQ� �6$3�� SURYLGHG� E\� WKH� 

SURMHFW� PDQDJHU� IRU� VSHFLILF� &2&� UHFRUG�NHHSLQJ� UHTXLUHPHQWV�� � 1RWH� WKH� IROORZLQJ� NH\�  
&2&�UHODWHG�LWHPV�� 

y 4XDOLW\�$VVXUDQFH�4XDOLW\�&RQWURO��4$�4&��GDWD�SDFNDJH�UHTXLUHPHQWV��L�H���OHYHO� 
$��%��RU�&��IRU�SURMHFW�VSHFLILF�GDWD�YDOLGDWLRQ�QHHGV�� 

y /DERUDWRU\� UHSRUWLQJ� RSWLRQV� UHTXLUHG� �L�H��� SUHOLPLQDU\� UHVXOWV� UHTXHVWHG� RU� 
HOHFWURQLF�GHOLYHUDEOH�RSWLRQV�QHHGHG��� 

y 7XUQ�DURXQG�WLPH�UHTXLUHG��VWDQGDUG�RU�UXVK���� 

y 6SHFLDO�ODERUDWRU\�UHTXLUHPHQWV�UHTXLUHG��L�H���ORZHU�GHWHFWLRQ�OLPLWV���� 

y 6KRUW�KROG�WLPH�LVVXHV��DQG� 

y 6DPSOH�YROXPH�LVVXHV��� 

��	 7KH�ILHOG�VDPSOHU�ZLOO�ODEHO�DOO�VDPSOH�ERWWOHV�ZLWK�WKH�IROORZLQJ��VDPSOH�,'��VDPSOHU�QDPH�� 
GDWH� DQG� WLPH� VDPSOH� ZDV� FROOHFWHG�� ODERUDWRU\� DQDO\VLV� DQG� WHVW� PHWKRG� UHTXHVWHG�� 
SUHVHUYDWLYH� XVHG�� 6LWH� QDPH�ORFDWLRQ�� DQG� *=$� SURMHFW� QXPEHU�� � 6DPSOH� WDJV� VKRXOG� EH� 
ILOOHG�RXW�XVLQJ�ZDWHUSURRI�LQN�IRU�HDFK�VDPSOH���� 

Note: No additional labels should be used for soil VOA samples as these are pre-
weight by the laboratory. GZA field staff should use the pre-provided label already on 
the container.   

��	 3ULRU�WR�OHDYLQJ�WKH�VLWH��WKH�ILHOG�VDPSOHU�ZLOO�YHULI\�WKDW�DOO�SHUWLQHQW�GDWD�LV�RQ�ERWK�WKH� 
VDPSOH�ODEHO�DQG�WKH�&2&�IRUP���&KHFN�IRU�HUURUV�RQ�WKH�ODEHO�DQG�&2&�IRUP�� 

��	 7KH�XQLTXH� ODERUDWRU\�&2&V� �H[DPSOH�1+'3+6��DQG�(66�&2&V�DUH�DWWDFKHG��ZLOO�EH� 
ILOOHG� RXW� DQG� LQFOXGH� WKH� IROORZLQJ��XQLTXH� VDPSOH� ,'�� WKH�1+'(6�6LWH�QXPEHU�� WLPH� 
DQG�GDWH�RI�FROOHFWLRQ��PDWUL[�W\SH��L�H���VRLO��JURXQGZDWHU��VXUIDFH�ZDWHU���ODERUDWRU\�WHVW� 
DQG�PHWKRG�UHTXHVWHG��WKH�SUHVHUYDWLYH�XVHG��WKH�QXPEHU�RI�FRQWDLQHUV��QDPHV�DQG�SKRQH� 
QXPEHUV� RI� WKH� SURMHFW� FRQWDFW� SHUVRQV�� VSHFLILF� UHTXLUHPHQWV� VXFK� DV� VSHFLILF� 5HSRUWLQJ� 
'HWHFWLRQ� /LPLWV� DQG� DQ\� VSHFLDO� QRWHV�� � 7KH� &2&� VKRXOG� DOVR� LQFOXGH� DQ\� 4$�4&� 

�	 ��
 



 

� &KDLQ�RI�&XVWRG\��6DPSOH�� 
3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�� 

'DWH��������������UHYLVLRQ������������� ��6WDQGDUG�2SHUDWLQJ�3URFHGXUH�±�/���� �� 

VDPSOHV� DQG� DVVRFLDWHG� LQIRUPDWLRQ� �L�H��� GXSOLFDWH�� WULS� EODQN�� WHPSHUDWXUH� EODQN�� DQG� 
HTXLSPHQW�EODQNV��� 

(LWKHU� RQH�RI� WKH� ILHOG� VDPSOHUV�RU� WKH�RQVLWH�4$�2IILFHU�ZLOO� SUHSDUH� WKH�&2&V�� �7KH� 
QDPHV�DQG�SKRQH�QXPEHUV�RI�DOO�WKH�ILHOG�VDPSOHUV�DQG�WKH�4$�2IILFHU�PXVW�EH�OLVWHG�RQ� 
WKH�&2&�� 

��	 :KHQ�WUDQVIHUULQJ�WKH�SRVVHVVLRQ�RI�VDPSOHV��WKH�LQGLYLGXDOV�UHOLQTXLVKLQJ�DQG�UHFHLYLQJ� 
ZLOO� VLJQ�� GDWH�� DQG� QRWH� WKH� WLPH� RQ� WKH� UHFRUG�� � 7KLV� UHFRUG� GRFXPHQWV� WUDQVIHU� RI� 
FXVWRG\� RI� VDPSOHV� IURP� WKH� VDPSOHU� WR� DQRWKHU� SHUVRQ�� WR� D� PRELOH� ODERUDWRU\�� WR� WKH� 
SHUPDQHQW�ODERUDWRU\��RU�WR�IURP�D�VHFXUH�VWRUDJH�DUHD�� 

2QO\� RQH� RI� WKH� ILHOG� VDPSOHUV� VLJQV� WKH� ILUVW� ³UHOLQTXLVKHG� E\´� OLQH�� � 7KH� SHUVRQ�ZKR� 
UHFHLYHV� WKH� VDPSOHV� DW� WKH� ODERUDWRU\�VLJQV� WKH�&2&� ODVW� LQ� WKH�³UHFHLYHG�E\´� OLQH�� � ,Q� 
FDVH�WKHUH�DUH�DGGLWLRQDO�VWHSV�LQ�WKH�SURFHVV�UHTXLULQJ�DQRWKHU�SHUVRQ�RU�SHUVRQV�WR�WDNH� 
FXVWRG\�RI�WKH�VDPSOH��WKH�IRUP�KDV�DGGLWLRQDO�OLQHV�IRU�VLJQDWXUHV���$OO�VLJQDWXUHV�PXVW�EH� 
LQ�EDOOSRLQW�SHQ�DQG�DUH�IROORZHG�E\�D�GDWH�DQG�WLPH�WKDW�WKH�&2&�ZDV�VLJQHG��7KH�OLQH�DW� 
WKH�ERWWRP�RI�WKH�SDJH�LV�SURYLGHG�IRU�SHUVRQQHO�IURP�WKH�ODERUDWRU\�WR�VLJQ�IRU�UHFHLYLQJ� 
WKH�VDPSOH���,I�WKH�VDPSOHV�DUH�WDNHQ�WR�WKH�ODE�YLD�FRXULHU�WKH�VDPSOHU�ZLOO�UHOLQTXLVK�WKH� 
VDPSOHV�WR�³1+'3+6�/DERUDWRU\�YLD�FRXULHU�´� 

1RWH��$Q\�HUURUV�PXVW�EH�OLQHG�RXW�DQG�LQLWLDOHG��DQG�WKH�FRUUHFWLRQ�ZULWWHQ�LQ�� 
��	 ,I� WKH�VDPSOHV�DUH�VKLSSHG�E\�SXEOLF�FRXULHU��L�H���)HGHUDO�([SUHVV��836��HWF���WKH�DLUELOO� 

JHQHUDOO\� VHUYHV� DV� WKH� FKDLQ�RI�FXVWRG\� UHFRUG� IRU� WKDW� SRUWLRQ� RI� WKH� WULS� DQG� ZLOO� EH� 
UHWDLQHG� E\� WKH� ILHOG� VDPSOHU� �DQG� SURYLGHG� WR� WKH� SURMHFW� PDQDJHU�� DV� SDUW� RI� WKH� 
SHUPDQHQW�GRFXPHQWDWLRQ��� 

��	 7KH�SURMHFW�PDQDJHU� DQG�RU�4&�RIILFHU�ZLOO� UHYLHZ� WKH�&2&� WR�HYDOXDWH�FRPSOHWHQHVV�� 
KROGLQJ�WLPH�RU�VDPSOH�YROXPH�LVVXHV�WKDW�PD\�LPSDFW�WKH�YDOLGLW\�RI�WKH�UHVXOWV�� 

� 
6$03/(�3$&.$*,1*�352&('85(6� 
� 
6DPSOH� FRQWDLQHUV� DUH� JHQHUDOO\� SDFNDJHG� LQ� LQVXODWHG� FRROHUV� IRU� VKLSPHQW� RU� SLFNXS� E\� WKH� 
ODERUDWRU\�FRXULHU���$SSURSULDWH�SDFNLQJ�PDWHULDOV�LQFOXGH�EXEEOH�ZUDS�DQG�DLU�FXVKLRQV���6DPSOH� 
FRQWDLQHUV�DUH�SDFNHG�WLJKWO\�VR�PLQLPL]H�PRYHPHQW�GXULQJ�VKLSPHQW�WKDW�PD\�FDXVH�EUHDNDJH�� 
� 
��	 7R�HOLPLQDWH�WKH�FKDQFH�RI�EUHDNDJH�GXULQJ�VKLSPHQW��DSSUR[LPDWHO\���LQFK�RI�LQHUW�PDWHULDO� 

VKDOO�EH�SODFHG�LQ�WKH�ERWWRP�RI�WKH�FRROHU�� 

��	 ,QFOXGH�D�WHPSHUDWXUH�EDQN�DQG�DQ\�QHFHVVDU\�WULS�EODQNV�LQ�ORRVH�LFH�LQ�HDFK�FRROHU�SULRU�WR� 
VDPSOH�FROOHFWLRQ�� 

��	 3ODFH�HDFK�VDPSOH�FRQWDLQHU��RU�VDPSOH�VLWH�VHW�RI�FRQWDLQHUV�WKDW�KDYH�EHHQ�EXEEOH�ZUDSSHG� 
WLJKWO\� LQVLGH� D� SODVWLF� EDJ� DQG� VHDO�� DV� D� SUHFDXWLRQ� DJDLQVW� FURVV�FRQWDPLQDWLRQ� GXH� WR� 
OHDNDJH�RU�EUDNHDJH�� 

�	 ��
 



 

� &KDLQ�RI�&XVWRG\��6DPSOH�� 
3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�� 

'DWH��������������UHYLVLRQ������������� ��6WDQGDUG�2SHUDWLQJ�3URFHGXUH�±�/���� �� 

��	 3ODFH�DOO�FRQWDLQHUV�LQ�DQ�XSULJKW�SRVLWLRQ�LQWR�WKH�ORRVH�LFH�LQ�WKH�FRROHU�DQG�SODFH�DOO�JODVV� 
FRQWDLQHUV� LQ� VXFK� D� ZD\� WKDW� WKH\� GR� QRW� FRPH� LQWR� FRQWDFW� ZLWK� HDFK� RWKHU� GXULQJ� 
VKLSPHQW��� 

��	 $IWHU�VDPSOHV�KDYH�EHHQ�SDFNHG��ORRVH�LFH�ZLOO�EH�DGGHG�WR�WKH�FRROHU�WR�HQVXUH�WHPSHUDWXUH� 
SUHVHUYDWLYH�LV�DFKLHYHG��WHPSHUDWXUH��������GHJUHHV�&HOVLXV���� 

��	 ,QFOXGH�D�FRPSOHWHG�&2&�LQ�D�VHDOHG�=LSORF��EDJ�ZLWKLQ�HDFK�FRROHU�EHLQJ�VKLSSHG�WR�RU� 
SLFNHG�XS�E\�WKH�ODERUDWRU\����� 

��	 &RROHUV�EHLQJ�VKLSSHG��QRW�FRXULHUHG��ZLOO�EH�VHFXUHG�ZLWK�VWUDSSLQJ�WDSH�LQ�DW�OHDVW�WZR� 
ORFDWLRQV�IRU�VKLSPHQW�WR�WKH�ODERUDWRU\�DQG�LQFOXGH�D�FXVWRG\�VHDO�� 

��	 3ULRU�WR�DQ\�FRROHU�EHLQJ�VKLSSHG�WKDW�FRQWDLQV�HQYLURQPHQWDO�VDPSOHV��\RX�DUH�UHTXLUHG� 
WR� HYDOXDWH� LI� WKH� VDPSOHV�VDPSOH� FRQWDLQHUV� EHLQJ� VKLSSHG� DUH� FRQVLGHUHG� 
KD]DUGRXV�� � &RQVXOW� DSSURSULDWH� WUDLQHG� RIILFH� SHUVRQQHO� IRU� SURSHU� SDFNDJLQJ� DQG� 
ODEHOLQJ�UHTXLUHPHQWV���� 

� 
6$03/(�3,&.83�6+,33,1*�352&('85(6� 
� 
6DPSOHV� ZLOO� EH� SURSHUO\� SDFNDJHG� IRU� VKLSPHQW�� DQG� D� VHSDUDWH� VLJQHG� &2&� UHFRUG� ZLOO� EH� 
HQFORVHG� LQ�HDFK�VDPSOH�FRROHU� LI�PRUH� WKDQ�RQH� LV�XVHG�� �6KLSSLQJ�FRQWDLQHUV�ZLOO�EH� VHFXUHG� 
ZLWK� VWUDSSLQJ� WDSH�DQG�D�FXVWRG\�VHDO� LQ�DW� OHDVW� WZR� ORFDWLRQV� IRU� VKLSPHQW� WR� WKH� ODERUDWRU\�� 
:KHQ�VDPSOHV�DUH�WUDQVSRUWHG�YLD�FRXULHU��VWUDSSLQJ�WDSH�DQG�FXVWRG\�VHDOV�DUH�QRW�UHTXLUHG�� 
� 
6DPSOHV� ZLOO� EH� WUDQVSRUWHG� WR� WKH� 1+'3+6� DQG� (66� ODERUDWRULHV� LQ� VXFK� D� PDQQHU� DV� WR� 
SUHVHUYH�WKHLU�LQWHJULW\�DQG�ZLOO�EH�GHOLYHUHG�DW�OHDVW�HYHU\�RWKHU�GD\�DQG�LI�SRVVLEOH��QR�VDPSOHV� 
VKRXOG�EH�KHOG�RYHU�WKH�ZHHNHQG���6DPSOHV�UHTXLULQJ�VKLSPHQW�WR�0LFURVHHSV�VKDOO�EH�VHQW�QH[W� 
GD\� GHOLYHU\� E\� )HGHUDO� ([SUHVV� RU� DQ� HTXLYDOHQW� RYHUQLJKW� FDUULHU�� � 7KH� UHFHLYLQJ� ODERUDWRU\� 
VKDOO�EH�JLYHQ�DGYDQFH�QRWLFH�E\�WKH�ILHOG�VDPSOHU�QR�ODWHU�WKDQ����KRXUV�EHIRUH�VDPSOH�VKLSPHQW��� 
� 
,I�)ULGD\�VDPSOLQJ�LV�XQDYRLGDEOH�DQG�6DWXUGD\�GHOLYHU\�LV�QRW�SRVVLEOH��VDPSOHV�VKDOO�EH�SURSHUO\� 
VWRUHG��FXVWRG\�DQG�VDPSOH�SUHVHUYDWLRQ�PXVW�EH�PDLQWDLQHG��RYHU�WKH�ZHHNHQG�LQ�*=$¶V�RIILFH� 
VDPSOH� UHIULJHUDWRU�� � 7KH� EXLOGLQJ� LV� ORFNHG� ZKHQ� *=$� SHUVRQQHO� DUH� QRW� SUHVHQW� WR� SUHYHQW� 
XQDXWKRUL]HG�DFFHVV���,I�SURPSW�VKLSSLQJ�DQG�ODERUDWRU\�UHFHLSW�RI�VDPSOHV�FDQQRW�EH�JXDUDQWHHG�� 
WKH� VDPSOHUV� ZLOO� EH� UHVSRQVLEOH� IRU� SURSHU� VWRUDJH� RI� VDPSOHV� XQWLO� DGHTXDWH� WUDQVSRUWDWLRQ� 
DUUDQJHPHQWV� FDQ� EH� PDGH� RU� VDPSOH� FROOHFWLRQ� VFKHGXOHV� FDQ� EH� PRGLILHG� E\� WKH� 3URMHFW� 
0DQDJHU���,I�KROGLQJ�WLPHV�ZRXOG�EH�H[FHHGHG�E\�VWRULQJ�WKH�VDPSOHV��DOWHUQDWLYH�DUUDQJHPHQWV� 
PXVW�EH�PDGH�E\�WKH�3URMHFW�0DQDJHU�IRU�VDPSOH�FROOHFWLRQ�DQG�VKLSPHQW�RU�SLFNXS�� 
� 
'2&80(17$7,21� 
� 
7KH�RULJLQDO�&2&�UHFRUG�ZLOO�DFFRPSDQ\�WKH�FRROHU�DQG�D�FRS\�ZLOO�EH�UHWDLQHG�E\�WKH�VDPSOHU� 
IRU�UHWXUQ�WR�WKH�SURMHFW�PDQDJHU���� 
� 

�	 ��
 



 

	

� &KDLQ�RI�&XVWRG\��6DPSOH�� 
3DFNDJLQJ�DQG�6KLSPHQW�3URFHGXUHV�� 

'DWH��������������UHYLVLRQ������������� ��6WDQGDUG�2SHUDWLQJ�3URFHGXUH�±�/���� �� 

$33/,&$%/(�67$1'$5'6�$1'�5()(5(1&(6� 
� 

&KDLQ� RI� &XVWRG\� 6DPSOH� +DQGOLQJ� � 6KLSSLQJ� 3URFHGXUH� LQFOXGHG� LQ� WKH� FXUUHQW� +D]DUGRXV� 
:DVWH�5HPHGLDWLRQ�%XUHDX�0DVWHU�4$33��(3$�5)$�������� 

$77$&+0(176� 

1+'3+6�&2&� 
(66�&2&�� 
� 

S�?��MREV?�������V?�������������?����������������WUR\�VSULQJ�����?ZRUN?WDVN������VDS�UHYLVLRQV����VSULQJ������VDS?DSSHQGL[?DSSHQGL[�F���J]D�VRS?VRS�E���B�U�FRF�GRF� 

� ��
 



  

 
 

 
                     

 
                         

                 
                 

  
 

  

 
 

 

  

 

  
 

 
         

 
        

 
        

 
        

 
        

 
        

 
        

 
        

 
        

 
        

           
            

 

 

  
                                                      
       

 
 

NH DHHS-DPHS LABORATORY SERVICES LOGIN AND CUSTODY SHEET 
(Laboratory Policy:  Samples not meeting method requirements will be analyzed at the discretion of the NH DPHS, PHL Laboratory.) 

Samples must be delivered in a cooler with loose ice. 
LAB ACCOUNT (Billing) #04-0000307  One Stop (PROJECT) ID# SUPERFND DES Site Number 198405082 Temp. 0 C. ____ 

Description:_Troy Mills Landfill Superfund Site Town:__  Troy NH  	 NHDES Contact: Robin Mongeon (603) 271- 7378, Sharon Perkins  (603) 271- 6805   
(Sharon’s cell 419-9209) 

Comments:	 GZA Contact: Michael Asselin (603) 232-8739 
Collected By & Phone#: Stefanie Lamb (603)-765-9720, Amy Doherty (603) 
361-4222; Heidi Rizza (603) 361-0177; Robin Mongeon (603) 271- 7378 

Sample Location /ID Date/Time Sampled #
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Comments Lab ID # 
( For Lab Use Only ) 

Preservation: Aqueous VOCs: HCL/4°C +/-2°C; Solid VOCs: Methanol/4°C +/-2°C; Aqueous SVOCs (base neutrals):4°C +/-2°C; Aqueous Metals: HNO3;  Solid Metals & TPH/DRO 4°C +/-2°C 
Temperature Blank Included in Cooler 

Relinquished By______________________Date and Time____________________Received By________________Matrix: A= Air;  S= Soil; SED = Sediments; AQ= Aqueous; O = Other 

Relinquished By______________________Date and Time____________________Received By_____________________ 

Relinquished By______________________Date and Time____________________ Received For Laboratory By_______________ 

Page ______ of _______ Data Reviewed By______________________________ Date_______________ 

Section No.: 22.0 
Revision No.: 5 (HWRB) 
Date: 11-2-06 
Page 1 of 1 



-- --

ESS Laboratory 
Inc. 
u 02910-2211 
~61-4486 

Project#Co. Name 

AddressContact Person 

0 
0 :iu 

Container Type: P-Poly G-Giass S-Srerile V-VOA IMatrix: S-Soil SD-Solid 

Cooler Present - ­ Yes - ­ No Internal Usc Only 

Seals Intact Yes- ­ -- NoNA: [ ] Pickup 

Cooler Temp: ___ [ ] Technicians 

Dare(Time Relinquished by: (S ignature) 

I 
Relinquished by: (Signature) Dare/Time 

I 

Received by: (Signaru re) 

Received by: (Signature) 

CHAIN OF CUSTODY Page of 
Reporting Limits ESS LAB PROJECT ID 

E lectronic Deliverable 

Yes No Format 

Turn Time Standard Other 

If faster than 5 days, prior approval by laboratory is requ ired # 


State where samples were collected Irom: 
MA Rl CT NH N] NY ME Other 

Is rhiM roject for anY. of rhe followi{j§
MA- CP• Navy ACE Other 

Ciry State Zip 

Telephone# I Fax# IEmail Address 

XESS LAB Dare Collection 
0.. 
::;Sample# Time Sample Identification (20 Clm. or lm)"' ;2 ~ 

Project Name (20 Ch>r. or I··••J 

IPO# "' 
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D -Siudge \Y/\Y/-\Y/as re \Y/ater G\Y/-Ground Water 

Comments: 

Date/Time 

I 

Date/ Time 
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Rel inquished by: (Signature) 

Relinquished by: (Signature) 
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Circle and/or Write Required Analysis 
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S\Y/-Surface \Y/arer OW-Drinking Water 0-0il \'if-Wipes F-Filters 

Dare(Time Received by: (Signature) Dare!Time 

I I 
Received by: (Signature) Date/ Time Date/Time 

I I 
"MADEP requires that all additional calibrated analytes found during P lease fax all changes to Chain of Custody in writing. I (White) Lab Copy 2 (Yellow) Client Receipt 
analysis be disclosed. 


	FINAL SAMPLING AND ANALYSIS PLAN, LASER INDUCED FLUORESCENCE / MEMBRANE, INTERFACE PROBE INVESTIGATION
	SIGNATURE PAGE
	TABLE OF CONTENTS
	1.0 INTRODUCTION
	2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES
	3.0 TASK DESCRIPTIONS - FIELD MONITORING AND SAMPLING PROTOCOL
	4.0 QUALITY CONTROL
	5.0 DOCUMENTATION
	TABLES
	FIGURE
	APPENDIX A PROJECT ORGANIZATION CHART AND RESPONSIBILITIES
	APPENDIX B GZA FIELD SAMPLING SOPS

	barcode: *518781*
	barcodetext: SDMS Doc ID 518781


