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1.0 OVERVIEW 

 

This Interim Measures Work Plan (IMWP) has been prepared by Advanced GeoServices Corp. 

dba Montrose Environmental Solutions (“Montrose AGC”) on behalf of the Exide Environmental 

Response Trust (Trust) to address impacts to groundwater from volatile organic compounds 

(VOCs) and chlorinated VOCs (CVOCs) at the former Exide Technologies (Exide) facility located 

at 555 North Hoke Avenue in Frankfort, Indiana (EPA ID# IND 001 647 460) (i.e., the Site). 

 

Montrose AGC conducted a Comprehensive RCRA Facility Investigation (RFI) at the Site and 

presented the results of the RFI and Interim Corrective Measures (ICM) activities in a report titled  

Comprehensive RCRA Facility Investigation (RFI) Report dated February 24, 2021 (RFI Report). 

The RFI was completed as part of the RCRA Corrective Action (CA) process. Investigation of 

groundwater in May and July 2018 showed impact to groundwater in on-site monitoring wells from 

VOCs and CVOCs. The RFI Report recommended conducting focused investigation activities to 

define the movement of groundwater and groundwater contamination in the area north and east 

of MW-4, for the ultimate purpose of proceeding with interim measures for chlorinated VOCs. The 

focused investigation activities are detailed herein.   

 

The investigation also includes the collection of representative soil gas samples using direct push 

methods from select locations (including in utility bedding, if possible) and vapor samples from 

sanitary and storm water manholes.   This Interim Measures Work Plan (IMWP) was submitted 

as a draft document for USEPA review on May 5, 2021 by Montrose AGC on behalf of the Exide 

Environmental Response Trust. The following table outlines the date that USEPA provided 

comments to the IMWP and the date of the response to comments. 

 

Date Comments received from USEPA  Date of Response to Comments 
 

May 21, 2021      July 6, 2021 
 

July 16, 2021      August 6, 2021 
 

August 12, 2021     August 19, 2021 
 

August 20, 2021     August 26, 2021 
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On August 27, 2021, the USEPA responded by email stating that the responses were acceptable 

and requested that the revised IMWP reflecting the changes be submitted when available. This 

revised document is intended to fulfill that request. 

 

1.1 Facility Location and Description 

 

The Site is located in central Indiana within Clinton County, approximately 50 miles northwest of 

Indianapolis (see Figure 1). The Site is bounded by North Hoke Avenue to the west, Kelley 

Avenue to the east, Michigantown Road to the north (also referred to as Washington Street on 

some maps), and Norfolk Southern railroad tracks to the south. The Site consists of eighteen (18) 

contiguous parcels now owned by the Trust which encompass approximately 13.7 acres.  All but 

three of the parcels are located within a perimeter security fence.  The majority of the area (12.1 

acres) lies within the perimeter security, and with the exception of grass and a few shrubs along 

North Hoke Avenue is covered with former building pads, pavement or crushed stone. The facility 

was formerly a manufacturing plant that produced lead-acid automotive batteries. The plant was 

closed and the aboveground infrastructure was decontaminated and demolished January 2013.   

 

1.2 Reference Documents  

  

The proposed focused investigation activities will be performed under the framework of the 

following site documents: 

 

1. Supplemental Site Investigation Work Plan prepared for Excide Technologies by 

Advanced GeoServices Corp. dated December 21, 2018 

 

2. Quality Assurance Project Plan for the RCRA Facility Investigation, Excide 

Technologies Former Manufacturing Facility, Frankfort, Indiana, prepared for 

Excide Technologies by Advanced GeoServices Corp. dated October 12, 2017 

 

3. Sampling and Analysis Plan for the RCRA Facility Investigation, Former Excide 

Manufacturing Facility, Frankfort, Indiana, prepared for Excide Technologies by 

Advanced GeoServices Corp. dated October 12, 2017 
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1.3 Local Geology 

 

The soil and unconsolidated materials in the subsurface of the Site consist of glacial till which is 

unsorted glacial sediment that washes off of retreating glaciers. The soil has been mapped as the 

by Fincastle-Crosby soils.  This is a silty loam with slow infiltration rates (Class C) and is 

somewhat poorly drained.  The hydraulic conductivity in these regional silt and clay deposits is 

low which makes these deposits semi-pervious.   

 

Shallow groundwater represents local perched zones of saturation in sand and silt layers.  The 

depth and thickness of the saturated layers varied from 4 to 10 feet bgs, and appear to be laterally 

discontinuous. The underlining aquiclude was encountered in all of the groundwater monitoring 

well locations and consisted of a very stiff to hard gray clayey Silt to silty Clay with trace amounts 

of sand and/or gravel. The perched groundwater near MW-4 is approximately 10 feet below 

ground surface and groundwater flows towards the north. 

 

 

 



 
 

G:\Projects\2020\20204123 - Exide Trust - Frankfort\Sec Files\Reports\Interim Measures Investigation Work Plan\Interim Measures CVOC Investigation Frankfort Revised 
Aug_30_ 2021.docx 

 

2-1 

2.0 FOCUSED INVESTIGATION ACTIVITES 

 

2.1 Investigation Overview 

 

The following activities were proposed to assess the movement of groundwater and groundwater 

contamination in the area north and east of MW-4, for the ultimate purpose of proceeding with 

interim measures for chlorinated VOCs.   

 

 Confirm the existence of the easterly flow direction of shallow groundwater 

between MW-4 and MW-9 suggested by groundwater surface elevations 

measured during the November 2019 groundwater sampling event.  

 

 Collect detailed information regarding the types, sizes and depth of utilities in 

Kelley Avenue for the purpose of identifying potential preferential pathways for the 

VOC impacted groundwater observed in and around MW-4. 

 

 Conduct targeted groundwater sampling using Hydropunch sampling techniques 

within and across Kelley Avenue to define the limits of VOC impacted groundwater.  

This should include targeted groundwater sampling within the backfill of utilities 

identified to be below the shallow groundwater table. 

 

 Collect surface water samples for VOC and lead analysis at discharge point of site 

storm sewer to unnamed tributary along Michigantown Road, near Kelley Avenue. 

 

 Complete passive in-situ microcosm study in MW- 1, 4, and 9, to collect microbial, 

chemical and geochemical data to determine if MNA, bio-enhancement or bio-

augmentation are appropriate interim measures. 

 

 Install additional monitoring wells at select locations selected based on the results 

of Hydropunch sampling in and across Kelley Avenue. 
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 Conduct one additional round of groundwater sampling at new and existing 

monitoring wells for VOCs. 

 

In addition, groundwater, soil gas samples, and manhole vapor samples will be collected and 

analyzed on-Site using a Pace Analytical® Services mobile laboratory gas chromatograph (GC).   

The information obtained from the above activities should be sufficient to allow preparation of a 

detailed design for a selected Interim Measures to address chlorinated VOCs identified in the 

vicinity of MW-4 (and potentially into/across Kelley Avenue).   

 

2.2 Synoptic Water Levels 

 

Well gauging data collected during the RFI suggest that the shallow groundwater gradient 

steepens with an easterly flow direction.  Monitoring Wells MW-4 and MW-9 are both sand-packed 

and screened in approximately the same depth interval and should be representative of the water 

table aquifer. Groundwater occurs immediately below the Site exists as an unconfined water table 

aquifer, where the water level in the sediments can rise and fall in response to precipitation events.  

Depth-to-water will be measured by Montrose AGC in each well on the Site using an electronic 

water level indicator. The synoptic measurements will include the measurement of water levels 

and well depths in the monitoring wells in as short a time frame as possible to determine the 

potentiometric surface across the Site. The field personnel will measure the water levels in the 

wells to the nearest 0.01 foot using the surveyed point at the top of the inner well casing for 

reference. The goal of the well gauging event will be to confirm the previous water table conditions 

by preparing an updated groundwater contour map. 

 

2.3 Utility Investigation 

 

Montrose AGC will contact the Frankfort’s Street Department to identify whether utility maps are 

available for Kelley Avenue adjacent to MW-4. we will request copies of available plans for sewer 

lines and utilities in Hoke Avenue and Washington Avenue (aka Michigantown Road), and E. 

Morrison Street.   We will review the plans for the depth and alignment of the sewer lines and 

utilities, and whether or not such features could represent a preferential pathway for groundwater 

contamination in this area of the site.  If maps are not available, Montrose AGC will oversee a 
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focused subsurface utilities survey using geophysical techniques.  The information will be utilized 

to evaluate whether or not utility trenches/backfill could represent a pathway for CVOC migration. 

 

If needed, the subsurface survey will include the use of ground penetrating radar (GPR) and Radio 

Frequency (RF) transmitter and receiver operated by a competent geophysical contractor. GPR 

devices send radar pulses into the ground and detect reflections from subsurface structures. The 

RF transmitter emits a specific electromagnetic signal either indirectly induces, or with direct 

contact induces a signal on a metallic line. The RF receiver is configured to detect that signal on 

the ground surface to determine the path of the metallic line. The RF receiver can also be used 

in ‘passive’ mode, which can pick up any charged line, including electric lines. Nonmetallic lines 

can be traced by ‘snaking’ a metallic wire through it and then inducing a signal on that metallic 

wire. A map of the underground utilities will be generated.  

 

2.4 Targeted On-Site Groundwater Sampling 

 

Hydropunch sampling is proposed to further investigate the Trichloroethene (TCE) detected in 

groundwater surrounding MW-4 and the area across Kelley Avenue near MW-9 to assess the 

limits of VOC impacted groundwater. If it can be done safely, Montrose AGC will sample 

groundwater within the backfill of utilities that are identified to be below the shallow groundwater 

table as discussed in Section 2.14.  If needed, a pneumatic air knife could be used to excavate 

and install a temporary screen to sample close to underground utilities. In other areas, 

Hydropunch sampling will be performed using a direct-push drill rig to drive a sealed screen to 

the target depth. The screen is then exposed and a groundwater sample collected using a variety 

of methods: tubing with check valve, mini-bailer, or a small bladder pump. After sampling, the 

openings will be grouted closed. The On-site Hydropunch groundwater samples will be collected 

utilizing Hydropunch sampling techniques at Locations 7, 8, 9, 10 and 11, as shown on Figure 2.  

Water samples will be analyzed using a Pace Analytical® Services mobile laboratory GC for the 

following parameters. 

 

 Benzene, Toluene, Ethyl Benzene, and xylenes (BTEX) 

 cis-1,2-Dichloroethene (cis-1,2-DCE) 

 Perchloroethylene (PCE) 
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 TCE 

 Vinyl Chloride (VC) 

 

Additional samples may be obtained based on the Decision Tree document contained in Appendix 

A.  Basically, if the groundwater sample results are between 100 and 600 ug/L TCE, sampling will 

be deemed complete and no offset samples will be necessary. If the number is less than 100 ug/l, 

we will step in and install an offset boring closer to the source (MW-4). These locations are 

designated with an “A” on Figure 2.  At a value of less than 100 ug/L, the extent of impact can be 

reasonably estimated employing multiple lines of evidence, including, but not limited to, analytical 

data; extrapolation or modeling based on existing data; application of a conceptual site model; or 

other means for determining the extent of the contamination for the purposes of interim remedial 

action.  If the number is over 600 ug/L, we will step out and complete a step-out offset boring. 

These locations are designated with an “B” on Figure 2.  Location 11 does not have an 11B, 

because groundwater well MW-3 will be utilized to interpret the 500 ug/L if the MW-11 sample is 

>600 ug/L. 

 

2.5 Sediment and Surface Water Sampling 

 

A sediment sample and a surface water sample (if there is surface water flow from the outfall) will 

be collected at the discharge point of the Site storm water sewer to unnamed tributary along 

Michigantown Road, near Kelley Avenue. This is designated as Outfall Z on Figure 2. The sample 

will be sent to Pace Analytical for analyzed for VOC using EPA Method 8260 and lead analysis.  

 

2.6 Passive In-Situ Microcosm Study 

 

Montrose AGC will conduct a passive in-situ microcosm study in monitoring wells MW- 1, 4 and 

9. This entails collecting microbial, chemical and geochemical data to determine if monitored 

natural attenuation (MNA), bio-enhancement or bio-augmentation are appropriate interim 

measures.  The in-situ study comprises Bio-Trap® Sampler and CENSUS analysis (Microbial 

Insights, Inc.).  Bio-Trap® samplers are in-well study units that contain a sampling matrix 

favorable to colonization by microorganisms, which can later be harvested, quantified and 

assessed in the laboratory for microbial characterization and contaminant degradation potential 
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(i.e. CENSUS analysis).  The CENSUS assessment tests for the presence and growth of 

Dehalococcoides, intrinsic and augmented, and the microbial reductase genes necessary for 

complete conversion of chlorinated VOCs (i.e., TCE) to non-toxic end products (i.e. ethene or 

ethane).  Specifically, the parameters assessed with CENSUS and used as metrics for assessing 

biodegradation potential include the following: 

 

1. Dehalococcoides population (>104 cells/milliliter groundwater benchmark for 

effective bioremediation strategy); 

 

2. Expression of tceA Reductase gene (TCE degradation); 

 
3. Expression of bvcA Reductase gene (VC degradation, prevents cis-DCE 

accumulation); and 

 
4. Expression of vcrA Reductase gene (VC degradation, prevents cis-DCE 

accumulation). 

 

In addition to the CENSUS analysis, Bio-Trap® samplers also collect groundwater for 

characterization of secondary lines of evidence indicative of microbial growth and contaminant 

degradation including dissolved gas production (ethane, ethene and methane), volatile fatty acids 

(“VFA”)  production, standard geochemical parameters and contaminant of concern concentration 

profiles. Detection of VFAs indicates active fermentation of intrinsic or added organic substrates 

(i.e. biostimulation) by microbial organisms has occurred and microbial growth is favorable.  

Geochemical parameters indicate if favorable conditions for microbial growth are present and are 

also applied for full-scale design assessment and modeling. Changes to the innate contaminant 

of concern concentration profile, with the production of intermediate degradation products (e.g., 

cis-1,2,-Dichloroethene and vinyl chloride) and non-toxic end products (e.g., ethene and ethane), 

provides a direct line of evidence that bioremediation is occurring. Lastly, the Bio-Trap® sampler 

includes sub-units that assess the benefit of carbon substrate addition, a critical factor in 

determining full-scale design parameters. Each Bio-Trap® unit will be deployed for approximately 

3 months. 
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Slug Testing 

 

Slug testing of wells MW-1, MW-3, MW-4, MW-7, MW-9, and MW-10 is proposed after retrieval 

of the microbial collection unit to assess the hydraulic properties of aquifer such as hydraulic 

conductivity. A falling-head test is proposed to be conducted by rapidly raising the water level in 

the monitoring well and subsequently measuring the falling water level. The test and resulting 

analysis will yield estimates of the average in-situ horizontal hydraulic conductivity of a small 

region surrounding the well screen. During the test, after first gauging the well, commercially 

available bottled drinking water is rapidly poured into the well. The rate at which the water level 

returns to at least 80% of its’ initial static level is measured. The selected water-level 

measurement method depends upon how quickly water levels change in the well bore. The 

subsurface is sandy silt and clayey silt so the test may last for minutes to hours, indicating that 

the test data can be collected by hand using an electronic water level indicator. The resulting data 

will be plotted and analyzed using one or more of the three most-widely applied techniques for 

estimating horizontal hydraulic conductivity which are 1) Hvorslev (1951), 2) Bouwer and Rice 

(1976) (Bouwer, 1989), and 3) Butler's modification of the Bouwer and Rice approach (Butler and 

Healey, 1998; Butler et al., 2003). 

 

2.7 Additional Monitoring Well Installation 

 

Based on the results of the of Hydropunch sampling in and across Kelley Avenue, Montrose AGC 

will install additional monitoring wells at select locations agreed upon with the USEPA. One flush-

mount groundwater monitoring well will be installed at Location 12 on the south side of E. McClurg 

Street (new MW-11, approximately 50 feet east of MW-9) shown on Figure 2.  A flush-mount 

monitoring well at Location 12 will help refine our understanding of the gradient between MW-4 

and MW-10 and possible influences caused by utilities in Kelley Avenue.   

 

Three new groundwater monitoring wells (MW-12, MW-13, and MW-14) will be installed at the 

fringe of the TCE plume around MW-4. The wells will be installed using hollow-stem auger 

techniques (direct push methods may also be utilized). The locations will be selected in the field 

based on the results of the Hydropunch sampling.  The intent will be  to locate one well south 

(upgradient), one well northeast and one well northwest of MW-4 where the TCE concentrations 
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in groundwater appear to decrease rapidly with distance from MW-4. The screened intervals will 

be selected to target the uppermost saturated intervals and are expected to be <5 feet in length.   

 

During drilling, soil samples will be collected from the following intervals: 0 to 4 feet below ground 

surface (bgs), 4 to 8 feet bgs, and 8 to 12 feet bgs intervals. Soil conditions will be recorded and 

provided on boring logs. If the soil sample is collected from an unsaturated zone, the soil sample 

will be sent to Pace Analytical for analysis for VOC using EPA Method 8260 and lead analysis. 

 

The monitoring wells will be finished as stick-up wells (flush mount may be considered depending 

on the conditions where they are installed). The wells will be constructed of 2-inch diameter 

Schedule 40 PVC screen and riser. A 5 to 10-foot long 0.010" slot screen will be installed in the 

first water bearing zone encountered to intercept the uppermost part of the aquifer. The bottom 

of the screen set is expected to be set approximately 15 to 18 feet bgs.   

 

2.8 Groundwater Sampling 

 

One additional round of groundwater sampling at new and select existing monitoring wells will be 

conducted and the groundwater will be analyzed for VOCs. The additional round of groundwater 

sampling will be performed using low-flow purging methods at groundwater monitoring wells MW-

1, MW-2, MW-3, MW-4, MW-7, MW-9, and MW-10 and the additional new wells MW-11, MW-12, 

MW-13, and MW-14 installed as described in Section 2.7. Groundwater samples will be analyzed 

for VOCs. Specific conductivity, dissolved oxygen, temperature oxidation-reduction potential 

(ORP), turbidity and pH will be measured in the field. Water levels will be obtained in all wells 

prior to sampling. An equipment blank will be collected from the sampling equipment for each day 

that non-disposable equipment is used for low flow sampling. 

 

2.9 Kelly Avenue Soil Gas Sampling 

 

Montrose will conduct Soil Gas Screening along east side of Kelley Ave at Locations 1, 2, 3, 4, 5 

and 6 shown on Figure 2.  Soil Gas Probes will be installed as fixed/permanent flush-mount wells, 

with bolted lids.  Probes will be located approximately 1 to 2 ft. above the groundwater surface 
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(est. 4 to 6 below ground level).  Soil gas probes will be sampled and analyzed for BTEX, cis-1,2-

DCE, PCE, TCE, and VC using a field GC operated by  Pace Analytical.  

 

Standard operating procedures (SOPs) for soil gas sampling are included in Appendix B. The soil 

gas probes will be constructed as permanent points. Sealing of each point will be accomplished 

using bentonite or grout in the annulus of the boring and the point will be finished with a stainless-

steel capping fitting inside a flush-mount wellhead with a bolt-down “manhole” 12-inches or less 

in diameter. The water table is the presumed source of CVOCs in soil gas so the near-source soil 

gas samples will be collected within one (1) foot of the top of the capillary fringe. Nearby 

monitoring wells will be gauged to assess the appropriate depths of the soil gas probes. Based 

on the previous depth to water data for MW-3, 4, and 9, the probes are anticipated to be installed 

to a maximum depth of approximately 4 feet below grade. The tubing will be connected to the port 

sampler and a vacuum pump so that it can be checked for leakage by applying a vacuum to the 

line and monitoring an in-line pressure gauge for a loss of vacuum.  An equilibration time of two 

hours will be allowed for direct push installations which will be increased to 48 hours if necessary 

to install probes using hand augured borings.  

 

Before sampling, the sampling system will be leak checked by covering the sample port with a 

shroud that will be filled with helium. The shroud will allow two other ports where the leak check 

sample can be pulled and the helium concentration in the shroud can be tested.  The shroud will 

be filled with helium (10-20%), while a soil gas sample is collected from the sample point and 

measured with a portable helium detector. A leak is occurring when the helium concentration is 

greater than 10% of the concentration within the shroud. In this case, the leak must be fixed and 

the leak check repeated. When the leak test is complete, the shroud, helium supply, and 

monitoring tubes will be removed, leaving the sample tube connected to the port for sampling. 

 

Soil gas sampling will not be performed during rain events.  Soil gas results will be compared to 

screening levels derived using the USEPA Vapor Intrusion Screening Level (VISL) calculator for 

“Near Source Soil Screening” HQ=1.0 and Target Risk 1x10-5 which are shown on the following 

table: 
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USEPA Vapor Intrusion Screening Level (VISL) 

Near Source Soil Screening” HQ=1.0 and Target Risk 1x10-5 

  Target Sub-Slab and 

Near-source Soil Gas 

Concentration VISL 

(ug/M3) 

Target 

Groundwater 

Concentration 

(ug/L) 

Is Target 

Groundwater 

Concentration  

< MCL?  

(Cgw < MCL?) 

Trichloroethylene (TCE) 69.5 5.18 No (5) 

Tetrachloroethylene (PCE) 1,390 57.6 No (5) 

  -  -  - 

Vinyl Chloride (VC) 55.9 1.47 Yes (2) 

Benzene 120 15.9 No (5) 

Toluene 174,000 19,200 No (1,000) 

Ethyl Benzene 374 34.9 Yes (700) 

Xylenes 3,480 385 Yes (10,000) 

Notes:  
1. Output generated 27AUG2021:10:49:19 
2. There is no VISL value for cis I,2-DCE on the EPA VISL website or in IDEM's 2021 Screening Level Vapor Exposure. 
Source: https://epa-visl.ornl.gov/cgi-bin/visl_search 

 

Results of the soil gas analysis will be provided to USEPA for further investigation as appropriate 

by the USEPA.  This proposed scope of work does not include performing vapor sampling inside 

of the residential properties. 

 

2.10 Step-out Soil Gas Sampling 

 

In addition, we will collect step out soil gas samples in the three locations shown on the attached 

map:  

1. Location 13 – Along the unpaved road north of East McCrurg Street (soil gas); 

2. Location 14 - Near the curve close to 1609 Goder Drive (soil gas); and  

3. Location 15 - East of North Kelley Ave. and north of MW-3 (soil gas and 

Hydropunch).  

cis-1,2-dichloroethane (cis-I,2-DCE)
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Soil Gas Probes will be installed as fixed/permanent flush-mount wells, with bolted lids.  Probes 

will be located approximately 1 to 2 ft. above the groundwater surface (est. 4 to 6 below ground 

level).  Soil gas probes will be sampled and analyzed for BTEX, cis-1,2-DCE, PCE, TCE, and VC 

using a field GC operated by Pace Analytical. 

 

2.11 Targeted Off-Site Groundwater Sampling 

 

If soil gas concentrations for TCE and VC at Locations 1 and 2 are above VISL values, 

Hydropunch groundwater sampling will be performed utilizing a separate Geoprobe boring 

installed adjacent to the location with the highest TCE concentration. If soil gas results at 

Locations 1 and 2 are below the VISL values, a Hydropunch boring will be completed on west 

side of Kelley Avenue at Location 2A.   

 

If a Hydropunch groundwater sample is collected at Location 2A and the corresponding TCE 

concentration is >600 ug/L, we will complete Hydropunch sampling adjacent to Location 2.   

 

Hydropunch groundwater sampling will be conducted at Locations 3, 4, and 6 shown on Figure 2.  

The Hydropunch groundwater samples that are collected will be field analyzed for  BTEX, cis-1,2-

DCE, PCE, TCE, and VC using a field GC operated by Pace Analytical. 

 

2.12 Manhole Sampling on Kelley Avenue 

 

Eight (8) grab vapor samples will be collected from sanitary manholes (B, E, F, G, H, and I) and 

storm sewer manholes (A and C) identified along Kelley Avenue as shown on the attached figure. 

Open grate storm sewer manholes will not be sampled.  The grab vapor samples from manholes 

will also be analyzed for BTEX, cis-1,2-DCE, PCE, TCE, and VC using a field GC operated by 

Pace Analytical. In addition, the sanitary sewer gas samples will be analyzed for chloroform.   
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Each sewer manhole will be evaluated for accessibility and manhole type (i.e. closed manhole or 

open grate manhole) prior to sampling. If the sewer manhole is found to be inaccessible or, in the 

case of storm sewer manholes, is an open grate, a sewer gas sample will not be obtained from 

that particular manhole(s). The reason sewer gas vapor samples are not being obtained from 

open grate storm sewer manholes is because open grate storm sewer manholes readily vent 

directly to the atmosphere and a high mixing rate of sewer gas and ambient air occur in these 

locations. The tubing will be lowered into the manhole to the proper depth, and a syringe with a 

three-way valve will be used to purge the tubing prior to valving to the purge pump. A grab sample 

will be collected over 30 to 60 seconds in a Tedlar bag for analysis using the field GC. 

 

2.13 Manhole Sampling along Washington Avenue 

 

We propose to collect VOC vapor grab samples from sanitary manholes J and L along 

Washington Avenue shown on Figure 3.  In addition, we will attempt to locate storm water 

Manholes O, N, MH-10, and MH-11. If the manholes can be located and are assessable, and they 

are not an open grate, a vapor gas sample will be obtained for analysis. The grab vapor samples 

from manholes will also be analyzed for BTEX, cis-1,2-DCE, PCE, TCE, and VC using a field GC 

operated by Pace Analytical. In addition, the sanitary sewer gas samples will be analyzed for 

chloroform.   

 

2.14 Sampling from Utility Bedding 

 

In addition, three (3) soil gas samples will be attempted to be collected from temporary soil gas 

probes selected based on the results of the utility information obtained from the City of Frankfort.  

The intention is to collect soil gas samples from immediately above the saturated granular bedding 

or backfill (if present) for the sanitary sewer and storm sewer. 

 

Soil gas samples will be attempted to be collected from the temporary soil gas probes selected to 

target the granular backfill/bedding of the utilities will be screened against the VISL values 
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calculated for “Near Source Soil Screening” HQ=1.0 and Target Risk 1x10-5 listed in Section 2.9.  

If the soil gas results are higher, then an additional soil gas sample will be collected from the same 

zone (i.e. immediately above saturated granular bedding or backfill) for the same utility at a 

location approximately 200 feet north of the failing location.  Groundwater sampling will be 

attempted within the saturated granular bedding or backfill coinciding with the soil gas sample 

location.  The technique for groundwater sample retrieval will be Hydropunch sampling or a soft 

dig technique selected to avoid damage to the utility. 
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3.0 DATA ANALYSIS 

 

3.1 Data Analysis 

 

A report presenting the findings and an analysis of the findings will be prepared. Given that the 

Bio-Trap® samplers described in Section 2.6 will be deployed for three months, Montrose will 

likely provide a preliminary report to USEPA containing the soil gas, utility vapor, and groundwater 

sampling analytical results followed by a final report that includes the Bio-Trap® sampler results 

and slug test analysis. 

 

1. Targeted groundwater sampling data will be used to develop iso-concentration 

maps that will be used to further understand the extent and magnitude of the CVOC 

plume in groundwater. The IDEM VISL based definition 2021 Screening Level 

Vapor Exposure (SLVE) will be used to interpreting the overall extent of the VOCs 

plume: 

      2021 SLVE2(ug/L) 
Compound    Standard1(ug/L)      Residential  Industrial 

 

Benzene    5  28  120 

Ethyl Benzene          700  -  - 

Toluene       1,000        -  - 

Xylenes     10,000         -  - 

cis-1,2-DCE            70  -  - 

Tetrachloroethene   5  6.5  28 

TCE     5  9.1  38 

Vinyl chloride    2  2.1  35 

________________________ 

1. 2018 Remediation Closure Guide (RCG) GW Tap Limit, 2009 RISC TPH Closure Limits 
2. Indiana Department of Environmental Management 2021 Residential Screening Level Vapor 
Exposure  
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2. The IDEM 2021 SLVE will be used to interpreting the overall extent of the VOC 

plumes to the extent that the data collected allows such an interpretation. When 

reporting the results of this investigation, the VI evaluation documentation will 

include a map using the data to interpret the extent of the VOCs groundwater 

plume that exceed the IDEM VI screening levels based the data collected. Maps 

will be provided for the contaminants of concern being assessed should they 

exceed VISLs, as appropriate. We will use the locations provided in the revised 

work plan document to assess on-Site and off-Site conditions. The extent of VOC 

impact may also be estimated using the analytical data, interpretation, and 

extrapolation. 

 

3. Well gauging data will be used to generate a groundwater contour map, which will 

be further enhanced with the additional data from the new groundwater monitoring 

wells.  

 
4. Utility information will be used to further develop the Conceptual Site Model (CSM).  

 
5. The passive in-situ microcosm study will provide microbial and geochemical data 

so that we can perform an evaluation of remedial options and their impermeability.  

 
6. Slug testing and analysis will provide a measurement of horizontal hydraulic 

conductivity so the groundwater velocity and infiltration rates can be calculated for 

remedial planning.   

 
7. Lastly the monitoring well sampling data from MW-1, MW-2, MW-3, MW-4, MW-7, 

MW-9, and MW-10 and the additional new wells MW-11, MW-12, MW-13, and 

MW-14 will provide current data and a greater understanding of the CVOCs in the 

subsurface. 

 

The CSM was presented in our document titled CVOC Remediation Evaluation dated January 

19, 2021, that outlined potential source areas, transport mechanisms, environmental media 

affected, potential exposure pathways, and potential exposure routes to potential receptors. 

Briefly, the source area of TCE impacted groundwater appears to be localized and contained by 

low-permeability soils around MW-4.  Vapor intrusion (VI) typically is the main risk driver for non-
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residential sites with chlorinated impacts. There are no on-site receptors and conducting the 

focused investigation proposed herein should allow further evaluation of potential off-site 

receptors. The results from the focused investigation activities will allow refinement of the CSM.
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4.0 CONCLUSION 

 

The proposed focused study will provide the data necessary to design the interim remedial steps 

needed to address the CVOCs in groundwater on the Site. The main objective of any selected 

remedial measure is to prevent exposure to humans. The remedial action will provide for the 

protection of public health and the environment consistent with the intended property use, and 

comply with applicable environmental regulations and guidance. The timeline associated with the 

proposed focused investigation could take approximately six to seven months to complete. 
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EXIDE TRUST – FRANKFORT INDIANA 

INTERIM MEASURES INVESTIGATION 

August 30, 2021 

 

Purpose: 

The purpose of the proposed field investigation is to further define the limits of TCE and other 
compounds in the vicinity of groundwater monitoring well MW-4 that will become the focus of 
interim measures intended to eliminate the suspected source area.  In addition, the proposed field 
investigation will collect data to allow an evaluation of the potential for vapor intrusion at the 
nearby residential dwellings. 

We propose to utilize a field gas chromatograph (GC) to provide real-time results for groundwater 
and soil gas samples, and guide the selection and number of sample locations.  Analysis of soil 
samples will be performed at an off-site lab.  Prior to the start of sampling activities, depth to 
groundwater measurements will be collected at existing groundwater monitoring wells.   

Approach to Sampling: 

Off-Site/Residential: The areas along the east side of Kelley Avenue are a predominantly 
residential, plus a small self-storage facility.  The planned approach for Off-Site/Residential 
groundwater, soil gas and vapor sampling will be as follows: 

 Conduct Soil Gas Screening along east side of Kelley Ave at Locations 1, 2, 3, 4, 
5 and 6 (see attached Figure).  In addition, we will collect step out soil gas samples 
in the three locations shown on the attached map: 1) Location 13 - Along the 
unpaved road north of East McCrurg Street (soil gas); 2) Location 14 - Near the 
curve close to 1609 Goder Drive (soil gas); and 3) Location 15 - East of North Kelly 
Ave. and north of MW-3 (soil gas and Hydropunch). Soil Gas Probes will be 
installed as fixed/permanent flush-mount wells, with bolted lids.  Probes will be 
located approximately 1 to 2 ft. above the groundwater surface (est. 4 to 6 below 
ground level).  Soil gas probes will be sampled and analyzed for trichloroethylene 
(TCE), vinyl chloride (VC),  tetrachloroethylene (PCE), cis 1,2-dichloroethane (cis 
I,2-DCE), benzene, toluene, ethylbenzene, and xylene (BTEX).  Analysis will be 
performed using a field gas chromatograph (GC) operated by  Pace Analytical. Soil 
gas sampling will not be performed during rain events.  Soil gas results will be 
compared to screening levels derived using the USEPA Vapor Intrusion Screening 
Level (VISL) calculator for “Near Source Soil Screening” HQ=1.0 and Target Risk 
1x10-5.   Results of the soil gas analysis will be provided to USEPA for further 
investigation as appropriate by the USEPA.  This proposed scope of work does 
not include performing vapor sampling inside of the residential properties. 
 

 If soil gas concentrations for TCE and VC at Locations 1 and 2 are above VISL 
values, hydro-punch GW sampling will be performed utilizing a separate geoprobe 
boring installed adjacent to the location with the highest TCE concentration. If soil 
gas results at Locations 1 and 2 are below the VISL values, a hydro-punch boring 
will be completed on west side of Kelley Avenue at Location 2A.  The hydro-punch 
groundwater samples will be field analyzed for TCE and VC.  
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 If a hydro-punch GW sample is collected at Location 2A and the corresponding TCE 
concentration is >600 ug/L, complete hydro-punch sampling adjacent to Locations 2.   

 Collect hydro-punch groundwater samples at locations 3, 4, and 6.   

 Soil gas sampling and hydro-punch groundwater sampling will be performed at Location 
6.  

 Eight (8) grab vapor samples will be collected from sanitary manholes (B, E, F, G, H, and 
I) and storm sewer manholes (A and C) identified along Kelley Avenue as shown on the 
attached figure. Open grate storm sewer manholes will not be sampled.  The grab vapor 
samples from sanitary manholes will also be analyzed for the same VOCs plus chloroform.  
In addition, three (3) soil gas samples will be attempted to be collected from temporary 
soil gas probes selected based on the results of the utility information obtained from the 
City of Frankfort.  The intention is to collect soil gas samples from immediately above the 
saturated granular bedding or backfill (if present) for the sanitary sewer and storm sewer.  

 VOC vapor grab samples will be collected from sanitary manholes J and L along 
Washington Avenue.  We will attempt to locate storm water Manholes O, N, MH-10, and 
MH-11.  If the manholes can be located and are assessable, and they are not an open 
grate, a vapor gas sample will be obtained for analysis from these manholes. 

 Soil gas samples collected from the temporary soil gas probes selected to target the 
granular backfill/bedding of the utilities will be screened against the VISL value calculated 
for “Near Source Soil Screening” HQ=1.0 and Target Risk 1x10-5.  If the soil gas results 
are higher, then an additional soil gas sample will be collected from the same zone (i.e. 
immediately above saturated granular bedding or backfill) for the same utility at a location 
approximately 200 feet north of the failing location.  Groundwater sampling will be 
attempted within the saturated granular bedding or backfill coinciding with the soil gas 
sample location.  The technique for groundwater sample retrieval will be hydro-punch 
sampling or a soft dig technique selected to avoid damage to the utility. 

 

On-Site: The on-site sampling will consist of hydro-punch sample taken from the first 
saturated permeable soil interval(s) at or below the depth corresponding to the depth to water in 
MW-4 (as corrected for well stickup).  The purpose of the sampling is to define the limits of 
groundwater with TCE concentrations at or above 500 ug/L.  The expectation is that any active 
remediation (thermal, excavation and removal, or enhanced biotreatment) will focus of the TCE 
source area. 

 Groundwater samples will be collected utilizing hydro-punch sampling techniques 
at Locations 7, 8, 9, 10 and 11, as shown on the attached Google Earth image.  
Water samples will be analyzed for TCE and VC.   

 If the groundwater sample results are between 100 and 600 ug/L TCE, sampling 
will be deemed complete and no offset samples will be necessary.   
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 If the TCE result is >600 ug/L an offset boring will be completed at a location further 
away from MW-4.  These locations are designated with a “B” on the attached 
Google Earth image. (Please note that Location 11 does not have an 11B, because 
groundwater well MW-3 will be utilized to interpret the 500 ug/L if the MW-11 
sample is >600 ug/L). 

 If the TCE result is <100 ug/L an offset boring will be completed at location located 
closer to MW-4.  These locations are designated with an “A” on the attached 
Google Earth image.  

 
New Groundwater Monitoring Wells: Additional groundwater monitoring wells are planned in the 
vicinity of MW-4 to provide additional detail regarding groundwater gradients and to provide tighter 
data coverage around the perimeter of the MW-4 TCE plume. 

 A groundwater monitoring well, designated as MW-11, will be installed at Location 
12 on the south side of E. McClurg Street (approximately 50 feet east of MW-9).  
This will help refine our understanding of the gradient between MW-4 and MW-10 
and possible influences caused by utilities in Kelley Avenue. 

 Three new groundwater monitoring wells will be installed at the fringe of the TCE 
plume around MW-4.  The locations will be selected in the field based on the results 
of the hydro-punch sampling.  The intent will be  to locate one well south 
(upgradient), one well northeast and one well northwest of MW-4 where the TCE 
in groundwater is <100 mg/L.  The screened intervals will be selected to target the 
uppermost saturated intervals and are expected to be <5 feet in length.  These 
wells will be designated as MW-12, 13, and 14. 

 The new groundwater monitoring wells will be developed in accordance with the 
procedures in the RFI Work Plan.   

 Slug tests will be performed at existing wells MW-1, 3, 4, 7, 9 and 10.  In addition, 
the rates of recovery after development shall be measured for all of the new well 
locations. 

 Groundwater sampling will be completed at all the existing wells MW-1, MW-2, 
MW-3, MW-4, MW-7, MW-9, and MW-10 and the additional new wells MW-11, 
MW-12, MW-13, and MW-14 four to six weeks after completion of development.   
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STANDARD OPERATING PROCEDURES 
SOIL GAS SAMPLING 
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STANDARD OPERATING PROCEDURES 

SOIL GAS PROBES AND VAPOR SAMPLING 

 

 

Soil gas samples will be collected utilizing direct push drilling techniques with active soil 

gas sampling with Post Run Tubing (PRT). The probe depth will be selected based on 

lithology and PID reading observed in pilot holes completed adjacent to the proposed 

soil gas sampling location, or on the documented utility depths.  The target depth for the 

soil gas probes is approximately 5 to 7 feet below the ground surface, while still 

remaining above the groundwater surface and avoiding utilities.   
 

The direct push sampler, equipped with a PRT point sampler will be advanced to the 

target collection depth. The PRT tubing is connected to the PRT point sampler and a 

vacuum pump.  The tubing is checked for leakage by applying a vacuum to the line and 

an in-line pressure gauge is monitored for a loss of vacuum. Once the tubing is 

determined to be air-tight, the drill rod is retracted approximately 6-inches to expose the 

PRT point sampler. Approximately 2.0 volumes of air are purged from the sample tube 

before a sample is collected using a syringe of at least 100 ml. The sample is injected 

directly into the GC for field analysis of chlorinated VOCs in accordance with USEPA 

Method 8260. 

 

Specific details on the standard operating procedures for the Geoprobe® PRT sampling 

are provided Geoprobe Technical Bulletin MK3098 (May 2006) (attached). Soil samples 

corresponding to the soil gas sample horizon will be collected using Geoprobe® Macro-

core sampler. These samples will be analyzed at an off-site fixed laboratory for VOCs. 

Soil samples designated for VOC analysis will be collected using EnCore® or equivalent 

sampling device following EPA Method 5035 sampling protocol. 

 

Lithologic logs will be prepared for all probe locations.  Boring holes will be sealed with 

bentonite.  
 

Vapor samples will be collected from airspace within the interiors of select manholes, 

sewer cleanouts, pipes, conduit access boxes, etc. The airspace sample will collected 

using a Tedlar bag and vacuum box, or summa canister.  New or decontaminated 

tubing will be lowered into space being sampled, taking care to avoid submersion in any 

water that may be present.  If possible, the access location should be covered and 

allowed to sit/equilibrate for a minimum of 30 minutes between insertion of the tubing 

and sample collection to limit the introduction of atmospheric air.   

DRAFT



Direct Push Installation of Devices for
Active Soil Gas Sampling & Monitoring

Technical Bulletin No. MK3098
Prepared:  May, 2006

®
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Section 1.0
Purpose

This document details the collection of representative soil gas samples with appropriate direct push (DP) methods to meet a
range of data quality objectives, site-specific conditions, and regulatory requirements.  New requirements for vapor intrusion
investigations (U.S. EPA 2002, Cal. DTSC 2003, NYDOH 2005, etc.) establish higher sample data quality objectives to meet the
needs for the human health risk assessment for this pathway.  Downhole tools and sample collection methods needed to obtain
the higher quality soil gas samples are reviewed.

Section 2.0
Background

What is soil gas?  Where is the vadose zone?  The ASTM Standard Guide D5314 for soil gas monitoring gives us the following
definitions:

soil gas = vadose zone atmosphere
vadose zone = the hydrogeological region extending from the soil surface to the top of the principal water table

Soil gas is simply the gas phase (air) that exists in the open spaces between the soil particles in the unsaturated portion of the
subsurface (Figure 1).  Soil gas is normally comprised primarily of nitrogen and oxygen like the aboveground air it is in equilibrium
with.  However, when volatile organic compounds (VOCs) have been released in the subsurface due to spills or leaks, they will
begin to evaporate from the fluid phase and become a part of the soil gas.  Over time the VOCs can migrate through the soil and/
or groundwater and present a potential hazard to human health or the environment.  Intrusion of volatile contaminant vapors
into an occupied building (home, office, school, etc.) can lead to exposure of the occupants to the potentially harmful contaminants
(US EPA 2002).

Figure 1:  Schematic showing relationship of the vadose zone and saturated zone.  Also
exploded view showing the primary components of the soil matrix.  VOCs will
equilibrate with the solid, liquid, and gas phases of the soil matrix.  Free product may
also be present in the void space of the soil matrix.
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Previously, soil gas sampling and monitoring were used primarily as cost- and time-effective means to track soil and groundwater
contamination by VOCs and identify potential source areas (US EPA 1997).  As our understanding of the vapor intrusion pathway
develops, the use of soil gas data is being applied to evaluate this potential human health hazard.  Because the vapor intrusion pathway
deals with human health risk assessment, the sample and data quality objectives for soil gas samples are more stringent for this application
than for simple plume tracking and source location activities.  This technology overview will provide guidance on selection of the
appropriate tools and methods for soil gas sampling and monitoring depending on the data quality objectives of the project.

It is useful to realize that VOCs will be partitioned between the different components (phases) of the vadose zone (Figure 1)
(ASTM D5314, McCall et al. 2006) depending on their physical and chemical characteristics.  The VOCs will be present in the soil
gas phase, dissolved in any liquid water that may be present, and probably sorbed to the solid soil particles, especially any
organic matter.  Near the source of contamination, free product also may be present in the soil.  The distribution of the
contaminant(s) in different phases of the soil matrix is important to consider when sampling.  If a strong vacuum is applied to the
sample interval, VOCs that were partitioned into the liquid phase or sorbed to the solid matrix may be stripped and enter the
vapor phase.  This can result in an inaccurate measure of the amount of the contaminant actually in equilibrium with the vapor
phase and lead to erroneous conclusions in a risk assessment.

3.0
VOCs and Other Soil Gases of Interest

The primary contaminants of interest in soil gas sampling and vapor intrusion studies are chlorinated volatile organic compounds
(X-VOCs), aromatic compounds, and some landfill gases (Table 1).  The volatility of a compound is primarily a function of its vapor
pressure.  The higher the compound’s vapor pressure (Table 1) at ambient conditions the greater it’s volatility.  This simply means
any spilled liquid will quickly evaporate and enter the gas phase.  If spilled on soil or leaked into the subsurface, a compound will
tend to enter the soil atmosphere.  Don’t forget these compounds also will be partitioned into the other phases of the soil matrix
(Figure 1).  In general, compounds with vapor pressures greater than about 0.5 mm Hg are considered to be detectable with
active soil gas methods.

At many sites, VOC releases will contaminate the groundwater and then migrate down gradient with the flowing groundwater.
Over time these groundwater contaminant plumes can become sources for VOC migration into the overlying soil gas that may
potentially become a vapor intrusion source.  The Henry’s Law constant of a compound is used to describe its tendency to
partition between water and vapor.  One way to determine the Henry’s Law constant of a compound is to divide the equilibrium
concentration of the compound in air by it’s concentration in water.  This provides a unitless ratio.  The higher the Henry’s Law
constant the more the compound tends to enter the gas phase.  Usually compounds with Henry’s law constants greater than 0.1
and sufficiently high vapor pressures are considered to be detectable with active soil gas sampling (EPA 1997).

4.0
Conceptual Site Model (CSM)

The conceptual site model (CSM) is a simplified picture and/or written description of what may be a complex system (U.S. EPA
2002).  The purpose of the CSM is to provide the investigation team and other interested parties an initial idea about the subsurface
conditions, possible contaminant migration pathways, potential receptors, local soils and geology, and potential sources for the
volatile contaminants under investigation.  The CSM should include preliminary site maps, geologic cross sections and other
pertinent diagrams.  This may include maps of sewer lines, water lines and other underground utility lines that may provide
preferential conduits for migration of volatile contaminants to homes, schools, offices and other buildings where vapor intrusion
could pose a health hazard.  Sensitive environments and endangered species also should be evaluated.

A good CSM will help the investigation team identify additional information that will be required to complete the investigation
and determine if the vapor intrusion pathway is complete.  The CSM should be viewed as a dynamic tool that will be updated and
modified as additional information, samples, and data are obtained that better characterize the site conditions.  Soil samples may
be required to verify local soil and geological conditions and identify potential source areas.  Groundwater samples may be
required to determine if a groundwater plume is acting as a source for volatiles across the site area and what the contaminant
concentrations are.  Measurements of hydraulic conductivity or soil permeability may be needed to evaluate the potential rate of
contaminant migration.  Several direct push methods are available to obtain these samples and other information needed to
confirm or modify the CSM to accurately reflect site specific conditions.  Direct push electrical conductivity logs, hydraulic profiling
tool (HPT) logs, membrane interface probe (MIP) logs for volatiles, and CPT logs may provide methods to achieve a detailed site
model in a relatively short time frame.  In addition, ASTM Standards are available for particular methods and procedures for
sampling and investigation that may provide useful insights and special knowledge.  Some pertinent ASTM Standards particular
to direct push methods include D6001, D6282, D6725, and D7242.
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Section 5.0
Data Quality Objectives (DQOs) and Selection of Sampling Methods

As mentioned previously, the data quality objectives will determine how samples are obtained in the field and analyzed.  The
project manager and field team will have to determine which downhole tools are required and the specific sample collection
and analysis methods that should be used to meet the DQOs of the project.  But first, what are data quality objectives?  DQOs are
basically a set of rules that define the amount of uncertainty that is acceptable in the results obtained from an environmental
investigation.  How confident are you that the sample you collected is representative?  Are you sure the analytical method
applied accurately identifies the contaminant and what its concentrations are in the sample?

One of the first steps in determining your DQOs is to clearly define the regulatory requirements that must be met to determine
if the potential hazard (e.g. vapor intrusion) is an actual threat to the population of concern.  Review the state or federal regulations
and guidance documents (Cal RWQCB 1997,Cal. DTSC 2003, NYDOH 2005, U.S. EPA 2002, etc.) to be sure you know what is required
and how the data is to be used.  The following outline of objectives for three different projects may help clarify where and when
different levels of data quality are required.

Project 1:
• Are VOCs present in soil gas?
• What are gross concentration ranges?
• What is approximate extent of the contamination?

Project 2:
• What are the specific types of VOCs present in the soil gas?
• What are approximate concentrations of each contaminant type at each location?
• Define and map the extent of the contaminant plume and locate source areas.

Project 3:
• Determine the specific VOC compounds present in the soil gas.
• Determine the concentration of each compound at each location with good precision and accuracy.
• Define and map the plume for each analyte and locate sources.
• Determine if the contaminants present a threat to human health or the environment (is the vapor intrusion pathway

complete?).
• Obtain data that can be used to determine appropriate remedial actions or if remedial actions are required.

Once you determine what level of data quality is required you can then determine the appropriate sampling tools, sample
collection procedures, and analytical methods that are required to meet your objectives.  Table 2 may be used to guide you in
selecting the appropriate methods to use in the field to be sure the project manager, facility owners, and regulators are able to
make the correct decisions.  Establishing project DQOs and selecting the appropriate field methods for sample collection
and downhole tool systems is not a trivial process and should be completed well in advance of starting field work.   Details
of the sample collection methods and downhole sampling systems listed in Table 2 are discussed in the following sections.

Of course the final data quality is controlled by the analytical method chosen and the analytical quality control that is used.  You
can collect a low quality sample and spend hundreds of dollars on an expensive analytical method with rigorous quality control,
this would be a mistake.  If you have low confidence in the sample quality (poorly representative) it will not matter how much you
spend on the analysis, the final data will still be of low quality (poorly representative). You can’t improve the quality of a bad
sample by using expensive analytical methods.  In the end the analytical result is only as good as the sample quality.   For guidance
on selection of the appropriate analytical methods review the appropriate federal or state guidance documents (Cal RWQCB
1997,Cal. DTSC 2003, NYDOH 2005, U.S. EPA 2002, etc.) and/or the SW846 manual (EPA 1986).

5.1  Analytical Methods
The EPA Draft Guidance for the vapor intrusion pathway includes a table listing more than a dozen analytical methods used to
test for VOCs.  The purge and trap methods such as 8260C were primarily written for soil and groundwater analysis.  Purge and
trap methods may be useful if you are conducting passive soil gas sampling and collecting VOCs in a sorbent trap.  However,
direct injection may be conducted with method 8260C and this provides a useful method for analysis of soil gas samples.   Method
TO-17 is also a method that requires the use of a sorbent trap for sample collection and later purge and trap gas chromatograph
(GC) analysis.  This is sometimes used for ambient air monitoring in buildings.

(continued on Page 6)
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Dashed arrow shows general path for selection of methods that will result in sampling and collection with compatible
quality procedures to achieve desired DQO level.  If method pairs in the upper right or lower left corner are used the final
sample analytical quality will be of low confidence regardless of the analytical method applied.  To achieve intermediate
DQOs for an initial survey the PRT system is often combined with collection in Tedlar bags or glass sampling bulbs and
field analysis utilizing a mobile lab equipped with a gas chromatograph.

Table 2:  Matrix for selection of field methods to achieve DQOs.

Syringe Tedlar Bag Glass Bulb
Summa
Canister

Direct Sampling Low / Low Low / High

PRT System

Implants

Gas Wells High / Low High / High

For active soil gas sampling you will probably be involved with one or more of the following methods:

Method # Analytes Instruments Det. Limits

8260 Aromatic, Halogenated and other VOCs GC/MS 50 ug/m3

8260 SIM Aromatic, Halogenated and other VOCs GC/MS 10 ug/m3

8021 Aromatic and Hologenated VOCs         PID/ELCD-GC > 5 ug/m3

TO-15 VOCs in Air with Summa Canisters GC/MS 1 to 10 ug/m3

TO-17 VOCs in Air with Sorbent Tubes GC/MS 0.5 to 25 ppbv

GC = Gas Chromatograph  MS = Mass Spectrometer  PID = Photo Ionization Detector
ELCD = Electrolytic Conductivity Detector

The 8021 Method is often modified for use in a mobile lab in the field.  Air samples are direct injected on column for analysis.
Sometimes an ECD (electron capture detector) is used instead of the ELCD( electrolytic conductivity detector) to detect the
chlorinated VOCs.  Field analysis with the 8021 method allows the field team to track/map plumes while in the field and locate
source areas.  The field analysis is also a useful way of screening samples to determine which are best submitted for more expensive
off-site analysis.  Knowing approximate sample concentrations also may be used to select the appropriate lab analysis.

For soil gas samples with elevated concentrations the standard 8260 method will provide sufficient sensitivity and detection
limits.  Samples with lower concentrations may be suitable for the 8260 SIM (selected ion monitoring) method.  Low concentration
samples requiring lower detection limits and high data quality may require the TO-15 method.  Be aware that not all labs provide
the same level of data quality for the same method.  A cheaper price may mean less QA/QC.  Be sure the final data package will
meet your data quality requirements.
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Section 6.0
Downhole Soil Gas Sampling Methods for Preliminary Assessments and Plume Tracking

6.1  Methods to Advance Tool Strings
Several methods for soil gas sampling were developed in the 1980s and used to track VOC plumes and locate potential source
areas.  One of the earlier methods included manually driving galvanized steel pipe to the desired depth with a slam-bar or fence-
post-driver.  While physically demanding, these manual methods may still prove valuable in accessing delicate ground in residential
areas (landscaped plant beds, etc.) or where access is otherwise limited.  Improvements to this manual method have been made
to improve sample quality and minimize the physical demands for driving and removing the probe rods (Figure 2) (Geoprobe
Systems®, 2001).  When site access conditions permit, soil gas sampling tools may be advanced into the subsurface with a
Geoprobe® direct push machine (Figure 3) to minimize the physical effort required and speed up the sampling process.

Figure 2:  Components, assembly, and operation of the manual sampling tools.

A:  Components of the manual slide hammer system.

Loop Pull Cap,
1.0-in. Rods (AT124B)

1.25-in. Rods (AT1221)

Slotted Cap,
1.0 in. to 1.0 in. (16447)
1.25 in. to 1.25 in. (16901)

Probe Rods,
1.0 x 36 in. (AT10B)

1.0 x 48 in. (AT104B)
1.25 x 36 in. (AT1236)
1.25 x 48 in. (AT1248)

Slide Hammer Stabilizer,
1.0-in. Rods (16165)
1.25-in. Rods (16184)

Slide Hammer,
45 lb. (16153)
30 lb. (16151)
15 lb. (16446)

Slide Hammer Anvil,
1.0-in. Rods (16155)

1.25-in. Rods (16175)

Probe Rod Jack,
1.0-in. Rods (AT99)
1.25-in. Rods (AT9925)

B:  Assembly view of slide hammer system.C:  With the tool string aligned for driving, lift the slide
hammer to a comfortable height (as shown) and then quickly
lower the hammer until it strikes the anvil.  Maintain a
constant hold on the hammer handles while driving.

Slide Hammer
Anvil

Sampler

Loop
Pull Cap

Probe Rod
(guide rod)

Slide Hammer
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6.2  Direct Sampling System
Initially the collection of soil gas samples was conducted directly through
the rods driven to depth (Figure 4).  An expendable point was advanced to
depth on the leading end of the drive rods.  Then the rods were retracted a
specified distance to release the expendable point and create an open void
where soil gas could enter the rod string for sampling.  A gas sampling cap
with appropriate fitting was attached to the top of the drive rods and gas
was purged and then collected for analysis.  While this method is quick and
cost effective there is potential for leaks at each rod joint that could
compromise sample quality.  This method also requires that the steel rods
be thoroughly decontaminated between each use.  In addition, some
contaminants may be sorbed or degraded on the metal surface of the drive
rods, especially if the rods are rusty.

6.3  PRT Sampling System
The Post Run Tubing (PRT) system was developed to help eliminate some
of the problems with sampling directly through the steel rods.  The PRT
method uses an adapter and tubing to isolate the soil gas sample from the
steel drive rods (Figure 5).  This also eliminates possible leaks of ambient air
from the rod joints into the gas being sampled.  Tool configurations for soil
gas sampling with the PRT system using different size probe rods are shown
in Figure 6.  PRT adapters (Table 3) must be selected to fit the desired tubing
(Table 4) that will be used for sample collection.

Gas Sampling Cap
for 1.25-in. rods
(AT1266)

O-ring Seal
(AT1266R)

Gas Sampling Cap
for 1.0-in. rods
(AT15B)

O-ring Seal
(AT15R)

Tubing Adapter for
use with all gas
sampling caps,
Silicone (AT118)

Expendable Point
Holder for 1.0-in.
rods
(AT13B)

Expendable Point
Holder for 1.25-in.
rods
(AT1215)

1.25-in. probe rods 1.0-in. probe rods

Steel Expendable Drive Point,
1.1-in. OD
(AT14)
Aluminum Expendable Drive Point,
1.1-in. OD
(AT14AL)

O-rings for AT14 Series
Expendable Drive Points

(AT14R)

Figure 3:  Using a Geoprobe® direct push machine
to advance soil gas sampling tools to depth.  Note
use of por table vacuum/volume system for
purging and sampling.

B: Tool strings for direct soil gas sampling using either 1.25-inch or
1.0-inch rods.

A: Cross section of a “through-the-rod” soil gas sampling tool
arrangement.

To vacuum source.

Tubing:  Geoprobe® gas sampling
caps are designed to receive 0.25-in.
ID tubing.

Gas Sampling Adapters:  O-rings
are included and must be used to
accomplish gas tight sealing of
rod joint.

Probe Rods:  Through-the-rod
sampling can be performed using
either 1.0-in. or 1.25-in. rods.  Be
sure to O-ring between rods.  Rod
bore must be clean and dry.

Pull back length: Anywhere from
a few inches to a few feet,
depending upon the interval you
desire to sample.

Expendable points:  AT14 (steel) and
AT14AL (aluminum) points can be
used with both 1.0-in. and 1.25-in.
point holders.  Retractable points may
also be used.

Figure 4:  Direct sampling systems.
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The basic steps to conduct soil gas sampling with the PRT system are as follows:

• An expendable point holder is attached to the lead rod.

• The expendable point is placed in the point holder, use O-ring.

• The tool string is advanced to the desired sampling depth.  Additional probe rods are added as required.

• Next, the stainless steel PRT adapter with appropriate sized barb is attached to the selected tubing cut to length.

• The drive cap is removed from the tool string and the PRT Adapter is lowered on the tubing down the tool string.

• The PRT adapter is threaded into the reverse thread fitting in the top of the PRT expendable point holder by
manually rotating the tubing counterclockwise until the O-ring on the adapter seals against the point holder.  The
top end of the tube may be sealed to minimize gas exchange with the ambient air and possible loss of VOCs.

• A leak test of the PRT tubing system may be conducted at this time by applying vacuum to the tubing.  An in-line
gauge may be used to verify that leaks do not occur after the vacuum is applied.

• The direct push machine is then used to retract the probe rods a specified interval, usually 6 to 12 inches (or 150 to
300 mm).  This provides an open cylinder in the soil through which the soil gas may be purged and sampled.

• The upper end of the tube is connected to the purging/sampling system and the sample is collected.

• The direct push machine is used to remove the probe rods.  Once at the surface, the O-ring seal between the PRT
adapter and the expendable point may be visually inspected to further verify sample integrity.

Figure 5:  PRT sampling system.

Drive Rods
Insert Tubing,

Rotate to connect
Sample Soil Gas

Through Tube

Rods equipped with a PRT
point holder and expendable
point are driven to depth.

Before the rods are pulled
back, gas sampling tubing
and a PRT adapter are
inserted down the rod bore
and connected to the point
holder.

The rods are now pulled
back (retracted) and soil gas
is sampled through the
tubing.  Sample does not
contact the rod bore.

The tools you’ll need to perform soil gas
sampling using “Post-Run” tubing (PRT).

PRT Tubing Adapters:
Select the adapter for your
tubing size.  This adapter is
inserted down the rod after
it has been driven to depth.

Standard Probe Rods:
1-in., 1.25-in., or 1.5-in. OD.

PRT Point Holders and Points:
A number of points and holders
are available to suit your
application.
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Figure 6:  Tool configurations for PRT soil gas sampling.

PRT with 1.5-in. Rods PRT with 1.25-in. Rods PRT with 1.0-in. Rods

1.5-in. Probe Rod

PRT Expendable Point
Holder for 1.5-in. Rods

(22805)

Expendable Drive Point
(AT14 or AT14AL)

1.25-in. Probe Rod

PRT Expendable Point
Holder for 1.25-in. Rods

(PR1215)

Expendable Drive Point
(AT14 or AT14AL)

1.0-in. Probe Rod

PRT Expendable Point
Holder for 1.0-in. Rods

(PR13B)

Expendable Drive Point
(AT14 or AT14AL)

PRT ADAPTER RECOMMENDED GEOPROBE® TUBING INTERNAL
and PART NUMBER TUBING SIZE TUBING VOLUME

(ID) PART NO.

1/8 in. TB12T 2.4 mL/ft
(3.2 mm) Teflon® (7.9 mL/m)

1/4 in. TB25L 9.7 mL/ft
(6.4 mm) LDPE (31.7 mL/m)

5/16 in. TB30T 15.1 mL/ft
(7.9 mm) Teflon® (49.5 mL/m)

0.17 in.
(4.3 mm)

3/16 in.
(4.8 mm)

TB17T
Teflon®

TB17L
LDPE

5.4 mL/ft
(17.8 mL/m)

4.5 mL/ft
(14.6 mL/m)

NOTE:  The sorption characteristics of certain tubing may not permit their use in all soil gas sampling applications.

PR17S

PR25S

PR30S

O-Rings for all PRT Adapters
PR25R
(pack of 25)

PRT Adapter Selection Guide

PR12S

Table 3:  PRT adapter selection guide.
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TB17L LDPE2 0.17
(4.8)

1/4
(6.4)

0.040
(1.0)

500
(152)

4.5
(14.6)

PR17S
AT8617S
AT8717S

TB25L LDPE2 1/4
(6.4)

3/8
(9.5)

1/16
(1.6)

500
(152)

9.7
(31.7)

PR25S
AT8625S
AT8725S

TB37L LDPE2 3/8
(9.5)

1/2
(12.7)

1/16
(1.6)

100
(31)

21.7
(71.2)

NA
AT96373

AT96384

TB12T Teflon®
1/8

(3.2)
1/4

(6.4)
1/16
(1.6)

50
(15)

2.4
(7.9)

PR12S
AT8612S
AT8712S

TB17T Teflon®
3/16
(4.8)

1/4
(6.4)

1/32
(0.8)

50
(15)

5.4
(17.8)

PR12S
AT8612S
AT8712S

TB30T Teflon®
5/16
(7.9)

3/8
(9.5)

1/32
(0.8)

50
(15)

15.1
(49.5)

PR30S
AT8630S
AT8730S

TB45SL Silicone
3/16
(4.8)

7/16
(11)

1/8
(3.2)

25
(8)

- NA NA

TB50TY Vinyl
1/4

(6.4)
7/16
(11)

3/32
(2.4)

25
(8)

- NA NA

TB100TY Vinyl
1/4

(6.4)
7/16
(11)

3/32
(2.4)

100
(31)

- NA NA

AT82
Stainless
Steel

0.085
(2.2)

1/8
(3.2)

0.040
(1.0)

50
(15)

- NA AT86SW12

Table 4:  Tubing selection guide for PRT adapters and soil gas implants.

1 - 86 series implants are 6 in. (152 mm) long and 87 series implants are 21 in. (533 mm) long.
2 - Low-density polyethylene.
3 - 96 series implants are for use in 1.25-in. or 1.5-in. OD probe rods with an ID of 0.625 in. (15.9 mm).  Screen is 12 in. (305 mm)

long.  Use with any plastic tubing with an ID ranging from 1/4 in. to 7/16 in. (6.4 mm to 11 mm).
4 - This implant is designed for air sparging only and is equipped with a porous polyethylene lining.
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6.4  Vapor Implants / Small ID Rods
These simple devices allow the investigator to install a small screen at the desired depth to
conduct long-term monitoring of soil gas in the subsurface.  The implants may be installed
through 1.0-, 1.25-, or 1.5-inch outside diameter probe rods for many applications.  However,
when installed through these smaller rods it may not be possible to achieve the high-
integrity seal required for human health risk assessments as in evaluation for the vapor
intrusion pathway.  High-integrity seals can be obtained by installing the implants through
larger diameter rods as discussed later in Section 7.0.

The implants consist of a stainless steel wire mesh screen with a threaded fitting on the
bottom for anchoring and a fitting at the top to connect to tubing (Figure7).  The AT86
series screens are 6 inches (152 mm) long, the AT87 series screens are 21 inches (533 mm)
long, and both have an OD of less than 0.5 inches (13 mm).  The AT96 series screens are 12
inches (305 mm) long with an OD of less than 0.625 inches (16 mm).  All have a pore diameter
of approximately 0.006 inches (0.15 mm) in the stainless screens (Table 5).

The implants are installed through the drive rods after they are advanced to the desired
depth (Figure 8).  An expendable implant anchor/drive point at the lead end of the rod
string has a threaded fitting at the upper end and the implant is anchored in place by
threading in counterclockwise.  As the rods are retracted with the direct push machine, fine
glass beads (P/N AT84) may be poured in around the screen to prevent clogging.  Once the
rods are above the screen, a bentonite powder mix (P/N AT85) may be added to the rod
annulus to seal the probe hole.  Do not hydrate the bentonite until the rod string is
completely removed from the ground.  The tubing should be capped to prevent venting to
the ambient atmosphere until ready for sampling.  A simple PVC pipe with cap may be
installed over the implant tubing at the surface for protection.  Conventional well protectors
(P/N WP1771 or WP1741) may be used if necessary.

Probe Rod

Tubing
(TB17L)

Expendable
Implant Anchor

(PR14)

Expendable
Point Holder

Vapor Sampling
Implant

(AT8617S)

Figure 7:  Schematic of a soil gas
implant assembly.

Figure 8:  Installing implants through small-diameter probe rods.

Setting an implant
begins by driving a

probe rod to the
base of the desired

implant depth.

Once depth is
achieved, the

selected implant and
tubing are inserted

through the rods. The
tubing is rotated to

lock the implant into
the drive point.

Anchor Point
(PR14)

Probe Rod

Implants
(AT86 Series
or
AT87 Series)

After the implant has
been secured, the

rods are removed and
the annulus backfilled

as appropriate.

Glass Beads
(AT84)

16-Mesh
Bentonite
Chips
(AT91)

Counterclockwise
rotation to anchor
the implant.

Tubing
(available in
Teflon,
polyethylene, or
stainless steel)

Implant Funnel
(AT88)

Implant
(AT8617S)

Example of completed
permanent soil gas
monitoring point.

Tubing
(TB17L)

Capped End

Bentonite Mix
Seal Section
(AT85)

Pipe
Protector

21 in.
Implant
(AT87 Series)

21 in.
Implant
Extension
(AT89)

Implant
(AT8617S)

Glass Beads
(AT84)

AT89 Series Screen
Extensions allow the
operator to build any
length screen to suit

the monitoring or
sparging application.

Screens set on 1/8-in.
(3.2 mm) or 1/4-in. (6.4

mm) tubes in the
vadose zone can be

backfilled through the
rods.  Backfill materials

include glass beads and
bentonite sealants.
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Barbed

Barbed

Barbed

Barbed

SwagelokTM

PRT Socket

Tapered Screw Thread

1/8 in. ID TB12T AT8612S AT8712S
(3.2 mm ID)

AT8617S AT8717S

1/4 in. ID TB25L AT8625S AT8725S
(6.4 mm ID)

5/16 in. ID TB30T AT8630S AT8730S
(7.9 mm ID)

1/8 in. OD AT82 AT86SW12 —
(3.2 mm OD) (1/8 in. stainless)

3/16 in. ID –– AT86SW17 ––
(4.8 mm ID)

1/4 in. OD — AT86SW25 AT87SW25
(6.4 mm OD)

AT89

RECOMMENDED GEOPROBE®
TUBING SIZE TUBING PART NO.

END SUGGESTED RECOMMENDED GEOPROBE® IMPLANT PART NUMBERS
FITTING SAMPLING TUBING TUBING

USE SIZE PART NO. 6-in. (152 mm) 21-in. (533 mm)
SCREEN LENGTH SCREEN LENGTH

0.17 in. ID
(4.3 mm ID)

3/16 in. ID
(4.8 mm ID)

TB17T

TB17L

Soil Gas

Soil Gas

Soil Gas,
Shallow

Groundwater

Soil Gas,
Shallow

Groundwater

Soil Gas

Soil Gas,
Shallow

Groundwater
Screen Extension

(for use with AT87 Series
Implants)

12-in. (305 mm)
SCREEN LENGTH

AT9637 (sampling)
AT9638 (sparging)

Any plastic tubing
1/4 in. ID to 7/16 in. ID
(6.4 mm to 11 mm ID)

TB37L

Soil Gas,
Shallow

Groundwater,
Air sparging

(AT9638)

For 1.25-in. and 1.5-in.
Probe Rods Only

AT86 Series:  Screen is 0.25 in. ID x 6 in. long (6.4 mm x 152 mm) with 0.15 mm pore openings.  AT86 implants will fit through 0.5-in.
(12.7 mm) bore tooling.

AT87 Series: Screen is 0.25 in. ID x 21 in long (6.4 mm x 533 mm) with 0.15mm pore openings.  AT87 implants will fit through 0.5-in.
(12.7 mm) bore tooling.

AT9637 and AT9638 Implants:  Screen is 3/8 in. ID x 12 in. long (9.5 mm x 305 mm) with 0.15mm pore openings.  These implants
require a minimum 0.625-in. (15.9 mm) rod bore for passage.

AT9638 implants are the only implants recommended for gas sparging (injection) as they have a porous polyethylene lining inside
the implant screen.  This interior filter prevents the implant from clogging with formation fines which may backflow into standard
implants during periods of pressure shut down.

Table 5:  Implant selection guide.
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6.5  Soil Gas Profiling with Dual Tube Systems
In some situations it may be necessary to conduct vertical profiles of soil gas to determine if there is a significant change in
concentration or contaminant type with depth.  The methods discussed in previous sections could be used to obtain profiles, but
a separate advancement would be required for each depth interval.  Conversely, dual tube systems can provide access to soil gas
or ground water at multiple depths during a single advancement of the tool string. The DT325 soil sampling system can be
combined with a simple screen to conduct profiles of soil gas or groundwater if necessary (Figure 9).  A summary of the procedure
for soil gas profiling follows:

• The equipment operator may conduct continuous soil sampling as the tool string is advanced or install a solid
drive point (P/N 28509) if soil sampling is not required.

• Once the cutting shoe is immediately above the desired soil gas sampling interval, the sample sheath and soil
sample or solid drive point is removed.

• The profiler screen assembly (Figure 9) with a 12-inch (305 mm) screen (P/N 14402) or 6-inch (152 mm) screen (P/N
14401) is then attached to the inner drive rods and lowered through the annulus of the 3.25-inch rods.

• The screen is pushed through the open cutting shoe and advanced into the formation until the O-ring on the
profiler head (P/N 21379) seals in the throat of the cutting shoe.

• At this point the tubing adapter (P/N 13521) is attached to the selected tubing (Table 4) and lowered through the
bore of the inner rods.

• The inner tube and adapter are rotated counterclockwise to thread the tubing adapter into the top of the screen
drive head (P/N 12567 or 16913).

• This then provides a sealed sampling system for collection of soil gas samples.

• Once the soil gas sample is collected, the tubing is removed and the inner rods and screen are retracted and
removed.

• To advance to the next depth, either the solid drive point is installed in the cutting shoe or a soil sample barrel is
installed for the next interval.  The tool string is advanced to the next desired depth (with removal of soil cores as
necessary).

• Installation of the screen and tubing is repeated for the next soil gas sample (Figure 9, Steps C and D).

Once the soil gas profiling is complete, it is possible to install permanent implants at multiple depths as the 3.25-inch rod string
is retracted.  See Section 7.3 for further discussion of this procedure.  Be sure to soil core through any intervals where soil gas
implants are to be installed.  This will help minimize compression of the formation and loss of gas permeability.   If permanent
implants will not be installed, abandon the probe hole as required by local regulations (see Section 9.0).
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Figure 9:  Soil gas profiling with the DT325 system.

A. Soil sampling as the tool string is advanced to minimize compression of the soil and loss of gas permeability.

B. Extracting the soil sample.

C. Installing the profiler screen through the rod bore.

D. The selected tubing (Table 4) with attached tubing adapter (P/N 13521) are lowered through the bore of the inner
rod string and threaded into the Screen Drive Head (P/N 12567).  The soil gas is purged and sample is collected.

E. Components of the profiler screen assembly for use with the DT325 system.  The 12-inch (305 mm) screen assembly
is shown here (P/N 14402).  A 6-inch (152 mm) screen assembly (P/N 14401) is also available .

E.A. B. C.

D.

DT32 Drivable Profiler Head
(21379)

GP Drive Head, 1.25-in. Rods
(12567)

GP Screen, 12-in. x 1.375-in. OD
(12557)

GP Center Stem (ported rod) , 12-in.
(12566)

GP Drive Point, 1.375-in. OD
(12568)

Profiler installed through outer
casing of 3.25-inch OD probe rods.

Tubing Adapter
(13521)
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Section 7.0
Downhole Soil Gas Monitoring Methods for Evaluation of the Vapor Intrusion Pathway

Data obtained for evaluation of the vapor intrusion pathway (VIP) will generally be used to conduct a human health risk assessment
(HHRA).  Because the data will be used for a HHRA, the data quality objectives are very high and most of the soil gas sampling
methods described in previous sections may not meet the sample quality requirements.  To achieve the higher DQOs and to
permit long-term monitoring of soil gas, most regulatory agencies are requiring the use of permanent soil gas monitoring wells
or implants with filter media around the screens and high-integrity seals.  In some situations, multilevel monitoring is required to
define the vertical distribution of soil gas in the subsurface and evaluate the potential for contaminant degradation.  The following
sections outline some field methods that will enable the investigator to achieve the higher DQOs when either single-level or
multilevel monitoring of soil gas is required.

7.1  Single-Depth High-Integrity Soil Gas Implants for Monitoring
If the installation of implants with smaller probe rods as described previously will
not meet the higher DQOs for your project, the DT21 dual tube system may be
required.  This system uses 2.125-inch (54 mm) OD by 1.5-inch (38 mm) ID outer
probe rods and 1-inch (25 mm) OD inner rods to provide access to the desired
sampling interval either by use of a solid drive point or soil coring system (Figure 10,
see also Technical Bulletin # 982100).  To minimize compression of the formation and
reduction of gas permeability, it is best to stop the DT21 system just above the interval
where soil gas is to be sampled.  The following steps (Figure 11) should be followed
to install an implant for long-term soil gas monitoring:

• Once at the desired depth, the inner rod string and any soil sample is removed.

• A small thin-walled sample tube (P/N 19484) with drive head (P/N DT4055) is
lowered through the outer rods and advanced ahead of the cutting shoe to remove
a soil core where the implant will be installed (Figure 11).  This sample tube (P/N
19484) is designed for low-density sands and finer-grained materials only.

• Once the soil core is removed a stiff brush (P/N BU600) may be lowered by
extension rods (P/N AT671, etc.) into the open core hole in fine-grained or
otherwise cohesive formations.  The brush is rotated and moved up and down
gently through the cored interval to relieve any smearing and reestablish natural
gas flow into the void where the implant will be installed.

• The appropriate 6-inch (152 mm) or 12-inch (305 mm) long implant (Table 5) is
attached to the selected tubing (Table 4) and lowered into the open core hole
below the probe rods.  Cap or cover the end of the tube at the surface to prevent
clogging and/or loss of volatiles.

• Next, either environmental sand (P/N AT95) or fine glass beads (P/N AT93) are
poured through the rod bore to fill the open hole around the implant screen.
The probe rods should be retracted slowly to keep the filter media below the
cutting shoe.  Measure with suitable depth indicator to confirm the filter media
extends at least 6 to 12 inches  (152 to 305 mm) above the top of the implant.

• Grouting of the annulus may be accomplished in one of two ways.

1. Fine bentonite chips (P/N AT91) are gravity poured through the rod bore
as the rods are slowly retracted to keep chips below the cutting shoe.  The
chips are hydrated with water every 4- to 6-inch (102 to 152 mm) increment.
Water should be added through a tube extending below the cutting shoe.
This will prevent wetting the ID of the rods and possible bridging.

2. A grout slurry of either bentonite powder (P/N AT92) or neat cement may
be pumped by tremie tube using an appropriate grout machine to fill the
bore hole as the drive rods are retracted.

• Once grouting is completed, suitable surface protection (P/N WP1771 or WP1741) should be installed to meet local needs and
regulatory requirements.  In remote locations such as landfills, a simple PVC pipe with slip-cap may provide suitable protection
for short-term monitoring requirements.

The DT325 sampling system may also be used in a similar fashion to install high-integrity single-depth implants for soil gas
sampling and long-term monitoring.

Drive Cap,
2.125-in. Rods

Probe Rod,
2.125-in.

Light-Weight
Center Rod,

1.25-in.
(or)

Probe Rod,
1.0-in.

DT21 Liner
Drive Head

DT21 Liner /
Core Catcher

Assembly

DT21
Cutting Shoe

DT21 Solid Drive
Tip Assembly

DT21 Threadless
Drive Cap

Figure 10:  DT21 soil sampling tool string
configurations.

DT21 Drive
Bumper
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Figure 11:  Installation of single-level implants for soil gas monitoring with the DT21 system.

A.

A. Advance the DT21 system to depth and remove the inner rod string.  The pre-core assembly is attached to the lead
inner rod and lowered through the outer rod bore.  The thin-walled tube is advanced into the virgin soil ahead of the
drive rods to remove a soil core.

B. The soil gas implant is assembled and lowered into the open core hole with the tubing.  Fine sand or glass beads are
added through the rods slowly to prevent bridging.

C1. Fine bentonite chips are added through the drive rods.  A tube with funnel at the surface should be used to add water
to hydrate the bentonite incrementally as the rods are retracted.

C2. Alternatively, grout slurry may be pumped through a tremie tube to fill the probe hole as the rods are retracted.  Use
appropriate pump (GS1000 or GS500) and nylon tremie tube (P/N 11633).

D. The sample tube is sealed with a suitable airtight cap or valve.  Well protection is installed to meet local requirements

B. C1. C2. D.
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7.2  Single-Depth, High-Integrity Soil Gas Wells
Under some conditions or to meet specific regulatory requirements, it may be necessary to install prepacked screen monitoring
wells (Figure 12) for long-term soil gas monitoring.  Smaller diameter wells (e.g. 0.5- or 0.75-inch ID) may be preferred for this
option to minimize the amount of purging required before sampling is conducted.  The DT21 system allows for this option and
will provide high-integrity well construction with an excellent annular seal and well defined screened interval with filter media.
This gas well installation process utilizes the same basic procedure as for the installation of prepacked screen wells for groundwater
monitoring.  See Geoprobe® Technical Bulletin No. 962000 for detailed discussion of this procedure or ASTM Standard Practice
D6725. A different cap and seal mechanism will be required for the well to prevent venting of volatiles and permit for appropriate
purging and sampling activities.

Figure 12:  A properly installed Geoprobe® prepacked screen monitoring well.

Concrete Pad
Thickenss: > 4 in.

PVC Riser, 5-ft. Length
0.5 in. Sch. 80 (GW2050) or
0.75-in. Sch. 40 (11747)

Bentonite Well Seal
Thickness: > 2 ft.

Well Cover, Flush-mount
4-in. x 12-in. (WP1741)
7-in. x 10-in. (WP1771)

High-Solids Bentonite Slurry
or Neat Cement Grout

Grout Barrier
(20/40 Mesh Sand or

Collapsed Natural Formation)
Thickness: > 2 ft. Above

Top of Screens

Prepacked Screens
(GW2010)

Snap-Lock Connector
(GW2030)

Expendable Anchor Point
(GW2040)

Locking Well Plug
(WP1750 or WP1775)

NOTE:  See Technical Bulletin No. 962000
for detailed installation procedures.
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7.3  Multiple-Depth High-Integrity Implants
Soil gas profiling with the DT325 system was discussed previously in Section 6.5 and Figure 9.  As noted, this system may be used
to install multilevel soil gas implants as the 3.25-inch diameter rods are retracted.  It is recommended that DT325 soil sampling be
conducted through the entire interval where soil gas implants are to be installed.  Removal of the soil cores will minimize
compression of the formation and loss of gas permeability where implants are to be installed.  Once soil coring has been completed
to the maximum desired depth, the multilevel soil gas implant installation is conducted as follows (refer to Figure 13):

• The inner rod string and last soil core is removed.

• A soil core may be removed below the cutting shoe as described above (Figure 11) for installation of the deepest
gas implant, if desired.

• The selected implant (Table 5) and tubing (Table 4) are assembled and lowered to the bottom of the bore hole.

• Filter media is poured through the rod bore as the rods are slowly retracted until filter media extends at least 6 to
12 inches (152 to 305 mm) above the implant.  Measure depth to top of filter media and keep below rods and
cutting shoe to prevent bridging.

• Fine bentonite chips are poured through the rod bore as the rods are slowly retracted.  Water is added through a
tube to hydrate each 4- to 6-inch (102 to 152 mm) increment of bentonite.  Avoid wetting the interior of the rods
to prevent bridging of sand and bentonite that could result in damage or loss of implants.  (Alternately, grout
slurry could be pumped by tremie tube and grout pump to install the seal at each level.  See Figure 11, Part C2.)

• Repeat the last three steps for each soil gas implant as the rods are retracted.

• Grout from top of the filter pack for the uppermost implant to about 1 foot (0.3 m) below grade.

• Install surface protection as required.

Vapor monitoring implants installed following this procedure will enable you to achieve stringent data quality objectives for
collection of soil gas samples to be used in human health risk assessments for the vapor intrusion pathway (Cal RWQCB 1997,Cal.
DTSC 2003, NYDOH 2005, U.S. EPA 2002, etc.).

Section 8.0
Direct Push Equipment Decontamination and Equipment Blanks

Without appropriate decontamination of downhole tooling and other sampling accessories there is significant opportunity for
cross contamination and erroneous results.  Various methods may be appropriate for equipment decontamination (decon)
depending on the contaminant types and concentrations encountered (ASTM D 5088, Parker and Ranney, 2003).  Most often
downhole tools such as probe rods and point holders are cleaned with a soap-and-water wash and one or more clean water
rinses.  This may be most effective for VOCs if a heated pressure sprayer is used to conduct the decontamination.  Measures for
the control and containment of the spray and wastewater must be implemented.  Appropriate health and safety protocols should
be followed and adequate personal protective equipment should be worn.  Refer to the project specific work plan and health
and safety plan for guidance on appropriate safety protocols.  Smaller parts may be washed and heated in an oven to drive off
volatiles when appropriate.

When field analyses are conducted as sampling is performed in the field the analytical data can be used to guide decontamination
requirements.  Equipment used to collect samples that are nondetect will require less stringent decontamination measures than
equipment used to collect samples from grossly contaminated areas.  To assure that cross contamination is controlled equipment
blanks should be collected on a regular basis (e.g. once a day or once every 10 samples, as appropriate to meet project DQOs).
Equipment blanks should be collected from tool strings and sampling trains assembled just as they are for a typical sample
location.  The equipment blanks should be labeled and handled as other samples and submitted to the laboratory for the same
analytical protocol.
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Figure 13: Use of the DT325 system to install multilevel soil gas implants.

A. Advance DT325 system to depth with soil coring as needed.  Remove last soil core.

B. Install the selected implant and tubing.  Gravity install fine sand or glass beads to provide a filter pack.  Extend filter
pack at least 4 to 6 inches (102 to 152 mm) above the top of the implant.

C. Gravity install fine bentonite chips to create annular seal.  Use funnel and tubing to incrementally hydrate the bentonite
as the rods are retracted.  Avoid wetting rod ID to prevent bridging and loss of boring.  Alternatively, grout slurry can
be installed with a grout pump and tremie tube.

D. Repeat Steps B and C at specified intervals to obtain a multilevel monitoring system.  Install well protection to meet
local requirements.

Fine sand or
glass beads

Fine bentonite
chips

Water
(to hydrate bentonite)

A. B. C. D.

NOTE:  Soil coring through
intervals where screens will be
installed is necessary to
minimize compaction and loss
of gas permeability.
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Section 9.0
Abandonment and Grouting

To prevent migration of contaminants vertically along the probe hole to
previously clean areas, proper abandonment and grouting techniques must
be followed.  For very shallow probe holes (e.g. < 5 ft (1.5 m)) in cohesive
soils that remain open after the drive rods are removed, bentonite powder
or fine bentonite chips may be added to the open hole incrementally and
hydrated.  In general, grout slurries should be pumped down the drive rods
(Figure 14) or a tremie tube (Figure 11, Part C2) as the original drive rods are
retracted from depths exceeding 5 feet (1.5 m).  Pumps and accessories
capable of injecting bentonite grout slurries or neat cement grout slurries
through the small-diameter DP tools (Figure 15) will be required.  Usually a
25% solids bentonite slurry is acceptable or a neat cement grout with 7 to 8
gallons (27 to 30 liters) of water per bag of cement may be required.  Verify
with state and local regulators the type and density of grout material
necessary to meet local regulations.  Proper abandonment and grouting is
necessary to prevent substantial liability for contaminant migration if
boreholes are left open.

Section 10.0
Techniques for Collection of Soil Gas Samples

10.1  DQOs Select the Technique
As discussed previously in Section 5.0, you must clearly define the DQOs
before going to the field to collect soil gas samples.  Samples that will be
used for a human health risk assessment require much more stringent DQOs
than samples that will simply be used to qualitatively determine if VOCs are
present in the soil gas.  A simple matrix (Table 2) will help you select the
appropriate downhole tools paired with the correct sample collection
methods to achieve the required sample quality.  Remember, an expensive
analysis does not make a poor quality sample better, it just wastes your
money and time.

10.2  Sample Collection Flow Rate and Purge Volume
Another important consideration for sample collection is the actual flow
rate at which the sample is purged from the ground.  Some guidance documents indicate that the purge and sample flow rate for
soil gas sample collection should not exceed 200 ml/min. (Cal RWQCB 1997,Cal. DTSC 2003, NYDOH 2005, U.S. EPA 2002, etc.).  If
very high flow rates or strong vacuum is applied, volatiles that were sorbed to solid phases or liquids in the pore space may be
stripped out and enter the gas phase for sampling.  Thus, the use of high flow rates or strong vacuum for soil gas sampling may
result in a strong positive bias.  This could cause an over estimation of the risk to human health and may result in expensive
remedial actions being applied that are not necessary.

For most soil gas sampling activities it is common to purge at least one to three volumes from the sampling system before the
sample is collected.  For direct sampling methods this will simply be the volume inside the drive rods multiplied by three.  For PRT
methods this will essentially consist of the volume inside the tubing and the open cylinder in the ground created by retraction of
the rods.  The internal volume of common tubing sizes by foot or meter of length is provided in Table 4.

For permanent soil gas implants or wells, the volume of void space in the filter pack around the screen should be included in the
calculation along with the open volume inside the screen and tubing to the surface.  For a clean sand filter pack a porosity of 30%
is usually considered representative.  The following example of purge volume calculation may be useful.

(continued on Page 23)

Grout/Injection
Pull Cap

Probe Rod

Expendable Point
Holder

Expendable
Drive Point

Connect to grout
machine with
high-pressure
hose.

Figure 14:  Grouting through tool string after soil
gas sampling.
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Figure 15: Typical grouting equipment for direct push soil gas operations.

Engine Compartment
(under hood)

Honda
Gasoline Engine

Hydraulic Fluid
Reservoir

Grout
HopperGrout

Hopper

Piston-Type
Grout Pump

High-Pressure
Grout Hose Assembly

Piston-Type
Grout Pump

Pump
Controls

Hydraulic Hose
Connections

12VDC Cable
Connection

A. B.

GS1000 Grout Machine GS500 Grout Machine

Grout/Injection Pull Cap

16698 - for 1.5-in. probe rods

16697 - for 1.25-in. probe rods

C. D.

High-Pressure Grout Hose Assembly

GS1051 - 10 ft. (3 m) long

GS1052 - 20 ft. (6 m) long

GS1053 - 30 ft. (9 m) long

A. Self-contained grouting system with gasoline engine and hydraulic fluid reservoir.

B. Portable grout machine (65 lb / 30 kg) that is powered by the hydraulic and electrical systems of a direct push machine.

C. Injection pull caps allow you to pump grout directly through the rod string during retraction.

D. High-pressure grout hoses used to connect the grout pump to the injection pull cap and probe rod string.
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Volume of a cylinder = π x radius2 x height,  where π ~ 3.141

For a 2.125-inch (5.4 cm) diameter borehole 24 inches (61 cm) long, the total volume in milliliters would be:

3.141 x (2.7 cm)2  x 61 cm  =   1397 cc  or approximately 1400 ml

For a 0.375-inch (0.95 cm) diameter implant 12 inches (30.5 cm) long, the volume would be:

3.141 x (0.475)2 x 30.5 cm  =  21.6 cc  or approximately 22 ml

Now subtract the implant volume from the total probe hole volume and then multiply the remainder by 0.30 to determine the
30% pore space in the filter media.  This will be:

(1400 ml – 22 ml) x 0.30 =  413.3 ml

Add back in the total volume of the void in the implant and you have:

413.3 ml +  22 ml = 435.3 ml of void volume in the implant screen and filter media

If you have 12 feet (3.7 m) of 0.25-inch (6.4 mm) ID tubing, the volume per foot from Table 4 is  9.7 ml.  One purge volume will be:

435.3 ml + (12 ft x 9.7 ml/ft)  =  551.7 ml

and three purge volumes would be about 1650 ml.  Purging at 200 ml/min, it would require approximately

1650 ml / 200 ml/min  =  8.25 minutes

to complete the three volume purge for this implant system before you would be ready to collect your sample.  So you would
want to estimate at least ten minutes for sample collection in your cost proposal when similar implants are to be sampled.

 The purge volumes and time required to purge using the PRT sampling system with three different probe rod diameters, using
a one-foot (30.5 cm) retraction/void is summarized below in Table 6.

Rod  Diameter,
inches (cm)

1.0
(2.54)

1.25
(3.18)

1.5
(3.81)

Void Radius (r),
inches (cm)

0.5
(1.27)

0.625
(1.59)

0.75
(1.91)

Void Lenght (L),
inches (cm)

12
(30.5)

12
(30.5)

12
(30.5)

Single Void Volume (mL)
(π x r2 x L, where π ~ 3.141)

155 242 350

Tubing ID,
inches (cm)

0.25
(0.64)

0.25
(0.64)

0.25
(0.64)

Tube Volume
(mL/ft)

9.7 9.7 9.7

Tube Length
(ft)

10 10 10

Total Tube Volume
(mL)

97 97 97

Total System
1-volume (mL)

252 349 447

Approximate 3-System Volume
(mL)

750 1050 1350

Required Purge Time at
Flow Rate of 200 mL/min

3.75 min 5.25 min 6.75 min

Table 6:  Purge volume and time with PRT system and selected rod diameters.
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Barbed Fitting for
Connection
to Sample Source

Vacuum/
Volume

Pump

Line Valve

Volume/Pressure
Gauge

Electrical Switch

Liquid Drain Plug

Control Panel

Vacuum/Volume
Indicator Light

Interconnection
Hose & Line

Vacuum/Volume
Tank

Main
Shutoff

Valve

Check
Valve

Power Wire

Sample Line
Pressure Gauge

Figure 16:  Vehicle-mounted and field-portable vacuum/volume systems for soil gas sampling.

A.

AT1001 - Mountable Vacuum/Volume System
Weight:  35 lb (16 kg)

Vacuum Line

Tank Gauge
(Volume/Pressure)

Sample Line Gauge

Line Inlet

Inline On/Off Valve

12-volt Plug

Battery
Adapter

Pump Head

Pump
Motor

Vacuum/Volume TankPower Switch

AT1000 - Portable Vacuum/Volume System
Weight:  40 lb (18 kg)

B.

A. This system mounts in the back of a truck or van, often along with a Geoprobe® Model 5410 direct push machine.

B. The portable 12V system may be powered from the vehicle 12V accessory outlet (cigarette lighter) or clipped directly to the
vehicle battery.

NOTE:  Both systems include an 11-liter (2.9 gal.) tank and can provide up to 21 in. of Hg (70 centibars) of vacuum.
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10.3  The Vacuum/Volume System
The vacuum/volume (V/V) system (Figure 16) has been used to good advantage for soil gas sampling during soil gas surveys,
especially when large purge and sample volumes (liters) are required.  The V/V system allows the field operator to perform three
basic functions that are essential to successful soil gas sampling.  These are measurement of the:

• volume of gas extracted at a sample point

• initial vacuum applied to a sample point

• amount of time for a sampling point to return to atmospheric pressure after a vacuum has been applied for sampling

The field operator may wish to incorporate an adjustable needle valve at the sample line inlet to control the flow rate to the
desired level.  The portable V/V system may be useful for periodic sampling of permanent wells or implants for monitoring
purposes.  Detailed operation instructions for the V/V system are available (Geoprobe® 2003).

10.4  Syringe sampling & purging
During initial surveys and plume tracking efforts, a mobile lab with onboard gas
chromatograph (GC) may be used to conduct field analysis.  This can significantly reduce
analytical costs and the need for multiple mobilizations to determine the extent of the
contaminant plume.  When a van-mounted Geoprobe® direct push machine is equipped
with a GC it is convenient to collect the soil gas sample directly from the PRT sample line
with the syringe that will be used to inject the gas sample on the GC column (Figure 17).
A short section of silicone tubing is placed in-line to allow for insertion of the GC syringe
and collection of the sample.  The sample is then immediately injected in the onboard GC
for analysis.  This collection and field analysis technique is especially amenable to use of
the Triad approach for site characterization (EPA 2003).

When smaller purge volumes are required, a large syringe may be used to purge the
sample tube.  Gas sampling syringes made of glass or plastics are available from scientific
supply warehouses in sizes ranging from 50 ml volume to 250 ml volume.  This may be a
particularly useful approach when shallow sampling is done in areas that are difficult to
access with larger tools and equipment.  Usually a small on/off valve is fitted to the end of
the sample tube and is closed as the syringe is removed to be emptied and reattached
for additional purging.  The field tech will have to manually control the purge and sample
flow rate.  After purging the syringe may be used to inject a sample into a Tedlar bag, or
glass bulb for on-site analysis.  If off-site analysis will be conducted, a small summa canister
may be used to collect the sample.

10.5  Tedlar bags and glass sampling bulbs
These two sample collection options (Figure 18) have been widely used in soil gas surveys, especially when a mobile lab is
stationed on-site to conduct the analyses as the samples are collected.  These sample collection options also may be used when
an off-site lab is to perform analyses but holding times for the samples may be limited.  In addition, standard Tedlar bags and
glass bulbs are transparent and exposure to sunlight is a concern.  Some volatile organic contaminants may degrade when
exposed to sunlight (especially ultraviolet light) so the sample containers must be stored out of the sunlight.  A cooler or suitable
box may be sufficient.  Do not cool the samples if stored in a cooler as this may cause condensation and lead to biased sample
results.  Light-blocking Tedlar bags are available.

There are at least two ways to collect a sample in Tedlar bags.  A large syringe may be used to extract the sample from the sample
line and then it is injected into the Tedlar bag.  Appropriate valves must be used on the syringe and bag to prevent ambient air
contamination of the sample during transfer.  Decontamination of the syringes between samples will be required to prevent
cross contamination. An alternate method is to place the Tedlar bag inside a vacuum chamber with a port that allows connection
to the sample line.  A vacuum is applied outside the Tedlar bag and the bag expands and fills with gas from the sample line and
downhole source.  The downhole sample train must be purged before sample collection.  Tedlar bags are generally considered a
one-use disposable item, not to be decontaminated for reuse.  Some regulatory agencies (Cal. EPA) discourage the use of Tedlar
bags for soil gas sampling.

(continued on following page)

Figure 17:  Syringe sampling for field
analysis.
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Alternatively, glass bulbs may be decontaminated for
multiple reuse.  However the glass bulbs are expensive
and fragile, and decontamination requires additional
equipment and man-hours.  Blank analyses will also have
to be performed periodically on the bulbs to verify no
cross contamination occurs.  The glass bulbs are usually
placed in line during the purging process so they
equilibrate with the gas being sampled.  Smaller volume
bulbs will require smaller system purge volumes and
should still provide sufficient sample volume for
duplicates and other QC measures if required.  Decon may
be accomplished by attaching the open bulbs to a vacuum
pump and purging the bulbs while they are being heated
in a small oven in the mobile lab on-site.  A tubing manifold
can connect several bulbs to one vacuum pump.

10.6  Summa Canisters
For evaluation of the vapor intrusion pathway and human
health risk assessments, summa canisters (Figure 19) are
preferred for sample collection and transport to a fixed
lab facility for analysis.  These stainless steel devices are
usually supplied by the lab clean and ready for sample
collection.  The canisters are under vacuum and are simply
attached to the sample line for collection of the soil gas.
(The three-volume pre-sampling purge is conducted
before the summa canister is attached to the sampling train.)

A vacuum gauge and valve should be included on the canister inlet.  The gauge will indicate when the canister is full and the
valve can be used to control the sample flow rate from the downhole source at the 200 ml/min rate to prevent stripping of
volatiles and biased sample results. Flow control valves may be set by the supplier at the requested flow rate.  Smaller summa
canisters (500 ml) may be preferable to minimize the sample collection time at the 200 ml/min flow rate.

Figure 19:  Summa canisters used for collection, storage, and transport of high-quality soil gas samples.

Open/Close Valve Vacuum Gauge

Flow Controller
Sample line

connects here

6-Lit6-Lit6-Lit6-Lit6-Liter Cer Cer Cer Cer Canistanistanistanistanistererererer 0.5-Lit0.5-Lit0.5-Lit0.5-Lit0.5-Liter Cer Cer Cer Cer Canistanistanistanistanistererererer

Figure 18:  Tedlar bag and glass bulb for soil gas sampling.
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Section 11.0
System Leak Tests for Field QC

Leak testing is a critical step to perform in the field to assure that system leaks do not degrade sample quality and cause biased
results.  There are at least three categories of leak testing that should be considered.  These are:

• Integrity of vacuum source

• Integrity of the sampling train

• Integrity of downhole tool system

The vacuum source may be as simple as a large syringe or as complex as a vacuum/volume system (see Figure 16).  To verify that
the vacuum supply itself does not have leaks, it should be tested periodically (e.g. once a day or every 10 samples).  To test the
integrity of your vacuum system the inlet valve should be closed or the inlet line should be plugged appropriately.  The vacuum
source is activated (syringe plunger retracted/vacuum pump turned on) and vacuum is applied.  An in-line vacuum gauge should
be included to quantitatively monitor loss of vacuum over time.  Once the vacuum is applied, the system is “shut-in” so that loss of
vacuum over time may be observed.  For more complex systems the leak test may need to last 30 minutes to check for smaller
leaks.  Corrective action should be taken if leaks are detected.

Most often system leaks occur at aboveground plumbing connections where the sampling device is connected in-line between
the vacuum supply and the sample line from the subsurface (sampling train).  Probably the easiest and most effective way to
determine if there are leaks during the sampling process is to apply a volatile compound around the fittings and analyze for that
compound at the lab.  One of the simplest and most effective ways to accomplish this is to wet paper towels with isopropyl
alcohol and wrap them around the fittings and connections in the sampling train.  Isopropyl alcohol may be purchased at the
local pharmacy or department store.  Remember, this material (liquid and vapor) is flammable and should be stored and handled
appropriately.

Some downhole grab sampling systems can be tested for leaks before sampling is conducted.  This may be accomplished for the
direct sampling system (Figure 4) and the PRT sampling system (Figure 5).  Expendable points with O-rings must be used so that
an effective leak test can be accomplished.  [Note:  Neither monitoring nor grab sampling systems with downhole screens can be
leak tested in this manner.]  For the direct sampling system, the gas sampling cap with O-ring is installed on the drive rods and
the tubing is connected between the  cap and vacuum supply.  Before the rods are retracted from the expendable point, a
vacuum is applied to the sampling train and downhole system.  The system is shut-in and the in-line vacuum gauge is observed
for a period of time to determine if leaks are present.

For the PRT system, the PRT adapter (with fresh O-ring) is installed on the selected tubing.  The adapter and tubing are lowered
through the drive rods and the adapter is threaded into place.  Before the drive rods are retracted off of the expendable point,
vacuum is applied to the sampling train.  The in-line vacuum gauge is observed to determine if leaks are present.  Once the
integrity of the sampling system is confirmed, the drive rods are retracted and soil gas purging and sampling is conducted.

A note of caution:  System leak tests as described above will not allow you to determine if ambient air or soil gas from overlying
zones is migrating into the interval being sampled. In order to prevent this problem, be sure that the expendable point and point
holder are no larger in diameter than the outside diameter of the drive rods used in the tool string.  Additionally, bentonite
powder may be poured around the tool string at the ground surface and hydrated to help prevent ambient air intrusion during
the sampling process.
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Section 12.0
Mapping Soil Gas Plumes

During the initial stages of a soil gas or VIP investigation it is wise to construct site maps that plot the location of each soil gas
sample collection point.  Then once the sample analyses are completed, the results may be plotted on the map and contours
drawn to define the probable extent of the plume and areas of differing concentration (Figures 20 and 21).  In many situations
this will help locate sources for the contaminant plumes and define the general direction of contaminant migration.  Often, soil
gas plumes will develop over groundwater contaminant plumes and roughly mimic the extent of contamination in the local
groundwater.  In many urban and suburban areas there may be multiple plumes of different contaminants originating from
different sources.  Sometimes the source area(s) may be located outside the initial boundaries set for the investigation.

Use of on-site analysis with a mobile laboratory will optimize the investigation and plume definition.  When field analyses are
plotted on site maps daily as results are obtained, the field team can determine if new sample locations should be added to
better define the plume.  Just as important, nondetect samples can indicate that additional sampling locations planned for some
areas may be deleted to minimize cost and time requirements.  Application of the Triad Approach (EPA 2003) can be used to
obtain the data needed while minimizing costs and multiple mobilizations to the field.

Section 13.0
Health & Safety Considerations

All personnel working on an investigation where hazardous contaminants may be present must be OSHA 40 hour health and safety
trained as required by 29 CFR 1910.120.  The following discussion is provided as a brief overview of some of the health and safety
issues that may be encountered during soil gas investigations.  The field team should have a written health and safety plan that
adequately addresses the possible physical and chemical exposure hazards that may be encountered during the investigation.  Daily
meetings to review health and safety conditions and any changes in the work environment should be conducted with the field team.

There are many types of health and safety issues to be considered during a soil gas investigation, or at any site where potentially
hazardous contaminants may be present.  These include physical hazards as well as potential exposure hazards to contaminants
under investigation.  Some of the physical hazards are associated with the use and operation of tools, equipment, and Geoprobe®
direct push machines in the field.  Basic precautions should be followed to prevent injury when operating tools and equipment
such as wearing hard hats, steel-toe boots, appropriate gloves, eye protection, and hearing protection as necessary.  Watch for pinch
points on hydraulic equipment, machinery, and tools.  Be familiar with the safety features of equipment being operated in the field,
such as kill switches.  Whenever subsurface sampling is to be conducted, all subsurface utilities must be professionally located and
clearly marked to prevent accidents.  Overhead utilities, especially high-voltage electrical lines, should be avoided.  Adequate spacing
between high-voltage lines and equipment masts or derricks should be maintained, check local requirements.  When working in
areas where vehicular traffic is a concern, wear appropriate high visibility clothing and use traffic cones to mark the work area.

The potential for exposure to hazardous contaminants is a reality whenever subsurface environmental investigations are
conducted.  The use of appropriate ambient air monitoring equipment is a must.  Wearing appropriate clothing (e.g. tyvek, saranex,
nitrile gloves) and air purification equipment (e.g. air purifying respirators (APR) or self contained breathing apparatus (SCBA)) for
personal protection should be a routinely planned for and donned when necessary.  The field team should have a written health
and safety plan that reviews all these concerns and more that provides for appropriate measures when ambient air concentrations
of contaminants exceeds the predetermined safety levels.

Section 14.0
Summary

There are several tools and methods available to obtain soil gas samples with direct push techniques.  Single tube methods are
generally more time efficient and are often used during surveys to define the extent of the plume and help with location of
source areas.  These methods primarily provide sampling at a single-depth with each advance of the tool string.  Conversely, dual
tube methods are generally a little more time consuming but allow the operator the option to conduct soil gas profiling at
multiple depths during one advancement of the tool string.  The dual tube systems also allow the investigator to install high-
integrity soil gas implants or monitoring wells.  The placement of filter media in the screened interval and annular seals by the
dual tube methods allows the sampler to achieve sample quality levels to meet the needs of human health risk assessments for
the vapor intrusion pathway.  Selection of the appropriate sample collection device and procedure is an integral part of achieving
the required DQOs.  While on-site analysis with a well-equipped mobile laboratory can expedite completion of the field work and
plume definition, off-site analytical work may be required under some conditions to meet the more stringent requirements of
human health risk assessment for the vapor intrusion pathway.



Soil Gas Sampling and Monitoring Page 29 of 32 Geoprobe Systems®

Fi
g

u
re

 2
0

:  
M

ap
p

in
g

 b
en

ze
n

e 
p

lu
m

e 
fo

r 
so

il
 g

as
 in

ve
st

ig
at

io
n

.



Soil Gas Sampling and Monitoring Page 30 of 32 Geoprobe Systems®

Fi
g

u
re

 2
1

:  
M

ap
p

in
g

 X
-V

O
C

 p
lu

m
es

 f
o

r 
so

il
 g

as
 in

ve
st

ig
at

io
n

.



Soil Gas Sampling and Monitoring Page 31 of 32 Geoprobe Systems®

References

American Society of Testing and Materials (ASTM) 2004.  D5088  Standard Practice for Decontamination of Field Equipment Used
at Waste Sites.  In Annual Book of ASTM Standards Vol. 04.08.  ASTM West Conshohocken, PA.  www.astm.org.

ASTM 2004.  D5314  Standard Guide for Soil Gas Monitoring in the Vadose Zone. In Annual Book of ASTM Standards Vol. 04.08.
ASTM West Conshohocken, PA.  www.astm.org.

ASTM 2005.  D6001 Standard Guide for Direct-Push Water Sampling for Geoenvironmental Investigations. In Annual Book of
ASTM Standards Vol. 04.09.  ASTM West Conshohocken, PA.  www.astm.org.

ASTM 2005.  D6282 Standard Guide for Direct Push Soil Sampling for Environmental Site Characterizations. In Annual Book of
ASTM Standards Vol. 04.09.  ASTM West Conshohocken, PA.  www.astm.org.

ASTM 2005.  D6725 Standard Practice for Direct Push Installation of Prepacked Screen Monitoring Wells in Unconsolidated Aquifers.
In Annual Book of ASTM Standards Vol. 04.09.  ASTM West Conshohocken, PA.  www.astm.org.

ASTM 2006.  D7242 Standard Practice for Field Pneumatic Slug (Instantaneous Change in Head) Tests to Determine Hydraulic
Properties of Aquifers with Direct Push Ground Water Samplers.  ASTM West Conshohocken, PA.  www.astm.org.

CRC Press, 1975.  CRC Handbook of Chemistry and Physics, 76th Edition.  David R. Lide, Ph.D., Editor in Chief.  CRC Press, New York.

Geoprobe Systems®, 2001.  Manual Slide Hammer, Operation Instructions.  Technical Bulletin No. 17743.  Kejr Inc., Salina, KS.

Geoprobe Systems®, 2002.  Geoprobe® 0.5-in. x 1.4-in. OD and 0.75-in. x 1.4-in. OD Prepacked Screen Monitoring Wells, Standard
Operating Procedure.  Technical Bulletin No. 962000.  Kejr Inc., Salina, KS.

Geoprobe Systems®, 2003.  Geoprobe® DT21 Dual Tube Soil Sampling System, Standard Operating Procedure.  Technical Bulletin
No. 982100.  Kejr Inc., Salina, KS.

Geoprobe Systems®, 2003.  Geoprobe Systems® Tools Catalog, V. 6.  Kejr, Inc., Salina, KS.  www.geoprobe.com

McCall, Wesley, David M. Nielsen, Stephen P Rarrington, and Thomas M. Christy, 2006.  Use of Direct Push Technologies in
Environmental Site Characterization and Ground-Water Monitoring.  In Practical Handbook of Environmental Site Characterization
and Ground-Water Monitoring, David M. Nielsen, Ed.  CRC Press, Boca Raton, Florida.  Pages 345 – 471.

California Regional Water Quality Control Board, Los Angeles Region, 1997.  Interim Guidance for Active Soil Gas Investigation.
February.  www.waterboards.ca.gov/losangeles.

California Department of Toxic Substances Control and Los Angeles Regional Water Quality Control Board, 2003.  Advisory –
Active Soil Gas Investigations.  January. www.waterboards.ca.gov/losangeles.

New York State Department of Health (NY DOH), 2005.  Guidance for Evaluating Soil Vapor Intrusion in the State of New York:
Public Comment Draft.  Center for Environmental Health, Bureau of Environmental Exposure Investigation.  Troy, New York.
www.dec.state.ny.us/website/der/guidance/vapor.

National Institute for Occupational Safety and Health (NIOSH), 1990.  Pocket Guide to Chemical Hazards.  U.S. Dept. of Health and
Human Services.  Washington, D.C. June.

Parker, Louise V. and Thomas A. Ranney, 2003.  An Environmental Friendly Decontamination Protocol for Ground Water Sampling
Devices.  Ground Water Monitoring & Remediation, Vol. 23, no. 2.  March.  Pages 84-91.

U.S. EPA, 1986.  Test Methods for Evaluating Solid Waste, Laboratory Manual, Third Ed.  OSWER, Washington, D.C. SW-846.  November.

U.S. EPA 1997.  Expedited Site Assessment Tools for Underground Storage Tank Sites: A Guide for Regulators.  Office of Underground
Storage Tanks, OSWER. OSWER 5403G:  EPA 510-B-97-001. March.

U.S. Environmental Protection Agency, 2002.  OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway
from Groundwater and Soils (Subsurface Vapor Intrusion Guidance).  Federal Register Notice – November 29, 2002. www.epa.gov/
epaoswer/hazwaste/ca/eis/vapor.htm.

U.S. EPA 2003.  Using the Triad Approach to Streamline Brownfields Site Assessment and Cleanup.  EPA 542-B-03-002. June.
www.epa.gov/tio.



Geoprobe®, Geoprobe Systems®, Macro-Core®, and Direct Image®
are Registered Trademarks of Kejr, Inc., Salina, Kansas

© 2006  Kejr, Inc.
ALL RIGHTS RESERVED.

No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy, recording, or any information

storage and retrieval system, without written permission from Kejr, Inc.

601 N. Broadway • Salina, KS  67401

1-800-436-7762 • Fax 785-825-2097

www.geoprobe.com

®


