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1.0 INTRODUCTION 
Occidental Chemical Corporation (OCC) operated a chemical plant on Old Channel Trail in Montague 
Township, Michigan (the Site).  At this Site, OCC produced chlorine gas from 1954 through 1982 and 
produced hexachlorocyclopentadiene (C-56) for part of the manufacturing period; as part of the site 
processes, OCC historically produced byproducts and used volatile organic compounds (VOCs) and 
semi-volatile organic compounds (SVOCs) and products such as chlorine gas.  Significant remedial 
activities were performed from 1979 through 1982 under a consent judgment with the State of Michigan 
when all of the manufacturing operations for the chemical C-56 were removed from the site or placed in 
an on-site secure landfill and waste materials and impacted soils were excavated and placed in the on-
site secure landfill.  Remedial activities continued after this period under the direction of the State of 
Michigan and the United States Environmental Protection Agency (U.S. EPA).  Glenn Springs Holdings, 
Inc. (GSH) currently manages remediation activities at the site for OCC and is operating the ongoing 
groundwater collection and treatment system, providing post-closure care for the landfill, and maintaining 
the Site.  GSH is also complying with the requirements of the Resource Conservation and Recovery Act 
(RCRA) Corrective Action under an administrative order with the U.S. EPA.  GSH and OCC are both 
wholly owned subsidiaries of Occidental Petroleum Corporation.   

In 1993, the U.S. EPA Region 5 issued a Unilateral Administrative Order (UAO) to address RCRA 
Corrective Action requirements at the Site (U.S. EPA, 1993a).  Under the UAO, GSH investigated the 
nature and extent of the remaining impacts at the site; evaluated the risks form the remaining impacted 
soil, groundwater, and lake sediment; and presented a Corrective Measures Study that described 
methods to address the remaining impacted soil, groundwater, and lake sediment.   

Following their review of the investigations and corrective measures studies, the U.S. EPA issued a 
Statement of Basis in February of 2001 (U.S. EPA, 2001a) and held a public meeting to gather public 
input on their recommendations.  Following the public comment period, the U.S. EPA issued the Final 
Decision for the Site in July of 2001 (U.S. EPA, 2001b).  Most of the requirements of the Final Decision 
have been implemented, such as dredging sediment in White Lake and excavation and cover of specific 
on-site soils. Other requirements are long-term obligations that GSH continues to comply with, such as 
collection and treatment of groundwater by the purge well system and long-term groundwater monitoring 
in accordance with the 2004 groundwater monitoring plan.  In 2009-2010, GSH focused on the remaining 
requirement in the Final Decision: the “evaluation and implementation of feasible on-site 
collection/treatment options for contaminated groundwater and residual waste to expedite groundwater 
cleanup” (U.S. EPA, 2001b).  Due to complex remedial challenges at the Site, a Post-Implementation 
Technical Impracticability (TI) Evaluation for Groundwater Restoration Report was prepared and 
submitted to U.S. EPA Region 5 (AECOM, 2009).   

The TI Evaluation, TI Zone Designation and on-going groundwater containment remedy was approved by 
U.S. EPA in an Amended Final Decision and Response to Comments (FDRC) for Selection of Updated 
Corrective Measures document (U.S. EPA, 2010).  The Amended FDRC from U.S. EPA Region 5 
requires that OCC shall submit a work plan to U.S. EPA that will “characterize the vertical concentration of 
VOCs and hexachloroethane in soil gas above the defined groundwater contaminant plume south of Old 
Channel Trail, including the locations of potential receptors at private residences along Old Channel Trail 
and McFall Drive, and resort buildings on OCC property.”  This document serves as the Soil Gas 
Investigation Work Plan to address this requirement in the Amended FDRC.   
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1.1 Site Background 
The Site is located on approximately 880 acres of property owned by OCC at 7601 Old Channel Trail in 
Muskegon County, Montague Township, Michigan (T12N, R17W, Southeast ¼ of Section 30).  The 
property is bounded on the south by White Lake and Old Channel Trail, on the east by Whitbeck Road, 
on the west by Lamos Road, and on the north by Hancock Road as shown on Figure 1.  The portion of 
the site that is currently impacted does not extend all of the way north to Hancock Road nor west to 
Lamos Road, and maps of the site show the impacted area that includes the former industrialized area 
just north of Old Channel Trail and west of Whitbeck Road.  The lake front area of the Site lies along the 
northern shoreline of White Lake.  White Lake is part of the White River and flows into Lake Michigan 
approximately 1.5 miles west of the Site.   

The Site was occupied by the former Hooker Chemical and Plastics Company plant from 1954 to 1983.  
The facility produced chlorine gas, caustic, C-56, muriatic acid, anhydrous hydrochloric acid (HCl), and 
hydrogen.  The chlor-alkali production of chlorine gas involved using natural brine recovered from deep 
underlying bedrock, and passing the brine through electrolytic cells.   

A well-defined groundwater contaminant plume is present at the site.  Groundwater monitoring continues 
to show that the contaminant plume is stable (i.e., not expanding) and that the purge well system 
captures and contains the southern edge of the dissolved groundwater plume and prevents its discharge 
to White Lake. Localized areas of groundwater exceeding the cleanup criterion for C-56 are present near 
the individual residual DNAPL source areas located in the central and northern portions of the Site.  The 
southern edge of the dissolved groundwater plume is captured by a purge well system installed in the 
1980s.  The groundwater capture system has a performance record from the late 1980’s, 1990s and 
2000s documenting that it fully and effectively contains the dissolved plume from the DNAPL areas.  The 
system consists of a series of eight purge wells (Pb, Pc, Pd, Pe, Pf, Pg, Ph, and Pi) which capture 
approximately 1 million gallons per day (mgd) of groundwater.  Chlorinated organic compounds are 
removed from the groundwater through treatment with granular activated carbon, and the treated 
groundwater is discharged through a National Pollutant Discharge Elimination System (NPDES) permitted 
outfall into White Lake.  The source areas and dissolved groundwater plume are described in more detail 
in the “Post-Implementation Technical Impracticability Evaluation for Groundwater Restoration at the 
Occidental Chemical Corporation Site in Montague, Michigan” (AECOM, 2009).  

Monitoring wells are also present south of Old Channel Trail and serve as monitoring points for evaluating 
groundwater quality and contaminant concentrations.  Supplemental groundwater characterization was 
performed in May 2005 and submitted to USEPA in November 22, 2005.  Groundwater analytical data for 
wells located south of Old Channel Trail are summarized, including well and purge well screen depths, 
and provided in Appendix A.  Nested monitoring wells are present south of Old Channel Trail, and monitor 
groundwater at several depths.  These included nested wells RFI-MW-05-07 (A through E) and RFI-MW-
05-08 (A through E).  There is also a nested well pair at RFI-MW-05-05 (screened at the water table from 
40 to 45 feet below grade) and Well S (screened within the aquifer from 60 to 66 feet below grade). The 
highest contaminant concentrations are found in the middle and lower portions of the sandy aquifer.  The 
shallow wells near the water table historically have much lower concentrations of contaminants of 
tetrachloroethene (PCE), carbon tetrachloride, and hexachloroethane as historically documented as well 
as shown in the latest groundwater monitoring report and the TI Evaluation report (CRA, 2010, AECOM 
2009). 

Groundwater on the Site and within the plume boundaries is not used for drinking water purposes, and 
institutional controls are in place within the plume boundary as well as the area adjacent to the stable 
plume to prohibit the use of groundwater as a source of drinking water in the future.  Residences located 
down gradient from the source areas use treated municipal drinking water provided by the City of 
Montague.  Six residential properties lie over the plume (including a new residence), and the municipal 
drinking water for all of these houses is provided by the City of Montague and paid for by GSH.  The area 
of Investigation is shown in Figure 2. 
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1.1.1 Hydrogeology and Geology 
A detailed presentation of the groundwater flow at the site is presented in AECOM 2009.  Groundwater 
under the site flows generally from the north to the south where it would discharge into White Lake under 
natural conditions.  GSH maintains a purge well network that completely halts the flow of contaminated 
groundwater into White Lake near the shore of White Lake.  Groundwater flows onto the site from up 
gradient (north) of the site and the aquifer receives additional recharge through surface infiltration of 
precipitation (rainfall or snow melt) as the groundwater flows across the site.  The groundwater flows 
through areas with residual DNAPL (that are discussed in AECOM 2009) and chlorinated organic 
compounds dissolved into the groundwater.  As the groundwater continues to flow down gradient the 
cleaner meteoric water infiltrates and enters the top of the aquifer, creating a layer of water with lower 
concentrations of VOCs at the top of the aquifer near the water table.  Multiple cluster wells have been 
drilled and sampled to document the fact that the groundwater at the water table is less impacted in areas 
near and south of Old Channel Trail (both the cluster wells and the two monitoring wells on the OCC 
property in Blueberry Ridge)(AECOM, 2009; CRA, 2010).  A conceptual site model showing the aquifer, 
groundwater flowing from north to south (where it is captured by the purge wells) and the fresher water 
near the top of the aquifer is presented in Figure 3.  This figure also conceptually shows placement of 
groundwater monitoring wells, purge wells, and proposed soil gas monitoring points. 

Groundwater is present in the sandy surficial aquifer (Upper Sand Unit) which overlies a basal clay unit.   
Depth to groundwater in the vicinity of Old Channel Trail is approximately 40 to 50 feet below ground 
surface.  Groundwater elevations are subject to fluctuation of ± 0.5 feet during the course of a year.  
Aquifer tests including both slug-tests and aquifer pumping tests conducted on the Upper Sand Unit show 
hydraulic conductivities of approximately from 50 to 70 ft/day.  Groundwater flow in the Upper Sand Unit 
is to the south-southeast at an estimated flow velocity of approximately 1.8 ft/day (0.27 ft/day Darcy 
velocity) (AECOM, 2009).  

The Upper Sand Unit is an unconfined aquifer which is continuous across the site. The upper sand unit is 
composed of mainly fine to medium grained quartz-rich sands.  The sands are associated with a glacial 
lake near-shore activity and show depositional aeolian and lacustrine features, including bedding planes, 
sharp depositional contacts, and thin lamellae of variable texture and heterogeneity. Vadose zone soils 
are also primarily fine to medium grained quartz-rich sands, although local variations in soil texture and 
fabric exist (Earth Tech, 2003; AECOM, 2009).  These heterogeneities can affect vertical and horizontal 
migration of vapor-phase contaminants, if present. 

1.1.2 Contaminant Fate and Transport 
Dissolved-phase contamination in the groundwater at the site contains chlorinated VOCs (CVOCs) such 
as carbon tetrachloride, PCE, chloroform and other compounds, and chlorinated SVOCs (CSVOCs), such 
as C-56.  C-56 is not found significant distances down gradient of the residual DNAPL areas (AECOM, 
2009).  Dissolved phase transport is primarily through groundwater advection.  Contaminant transport via 
diffusion appears to be nominal or limited based on observation of the relatively narrow plume shape.  
The source areas have been defined and are located up gradient of Old Channel Trail.  Near and south of 
Old Channel Trail, the groundwater near the water table (at the top of the aquifer) have lower 
concentrations.  Infiltration of rain water and snow melt enters the aquifer at the water table and then 
flows down gradient, building a broader lens of less impacted water at the top of the water table with 
greater distance from the source areas.   
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Contaminant fate and transport was presented in the TI Evaluation Report (AECOM, 2009). Due to the 
low decay rates for the chlorinated VOCs (CVOCs) (e.g., PCE in aerobic environment) and relatively high 
velocity of the groundwater at the Site, the concentrations within the CVOC plume remains relatively 
constant from the source areas to the purge well network.  This indicates that little natural attenuation is 
occurring, as observed in the monitoring well data.  Modeled output performed during the TI evaluation 
confirms the low decay rate observed for the CVOCs because the modeled concentration within the 
plume remains fairly constant from the source area to the receptor. This is consistent with the current 
conditions that are observed at the Site.   

Target Analytes at the site (Section 1.3) include VOCs listed in U.S. EPA OSWER Draft Vapor Intrusion 
Guidance as having Henry’s Law Constant (HLC) greater than 10-5 atm m3/mol.   As such, these 
compounds may partition from groundwater or soils and exist in a vapor (soil gas) phase.  GSH’s current 
understanding of groundwater conditions south of Old Channel Trail suggests a conceptual site model 
where shallow groundwater has relatively low VOC concentrations, where there is recharge from above 
and a layer of clean freshwater acts as an inhibitory barrier to VOC partitioning into the vadose zone 
south of Old Channel Trail (U.S. EPA, 2002; Fitzpatrick & Fitzgerald, 1996).   

1.2 Purpose of Investigation 
The purpose of this vapor intrusion investigation is to characterize the vertical concentration of VOCs and 
hexachloroethane in soil gas above the defined groundwater contaminant plume south of Old Channel 
Trail (U.S. EPA, 2010). 

1.3 Target Analyte List 
The Amended FDRC refers to characterizing the vertical concentration of “VOCs and hexachloroethane” 
in soil gas.  The cleanup criteria that must be met for VOCs in groundwater are stipulated in the Final 
Decision (U.S. EPA, 2001b).  These are the concentrations that must be achieved to “expedite 
groundwater cleanup”.  The final decision defines the following VOCs as present at the Montague facility: 

 carbon tetrachloride (CT) 
 chloroform 
 cis-1,2-dichloroethene 
 trans-1,2-dichloroethene 
 tetrachloroethene (PCE) 
 trichloroethene 

The Proposed Analyte List is presented in Table 3 (Section 2.4), and includes these VOC compounds 
and hexachloroethane.   

1.4 Area of Investigation 
The area of investigation resides within the eastern and western boundaries of the VOC plume, and near 
the locations of potential receptors at private residences south of Old Channel Trail and along McFall 
Drive, and near resort buildings on OCC property.  The Area of Investigation is shown in Figure 2. 
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2.0 VAPOR INTRUSION INVESTIGATION 
Section 2.0 presents the conceptual approach and methods for performing the Soil Gas Investigation.  
The basis for proposed investigative methodologies and laboratory analyses are derived from the 
OSWER 2002 Guidance and other industry practices and standards (U.S. EPA, 2002, U.S.EPA, 2009). 

2.1 Conceptual Approach 
GSH’s conceptual approach to performing the soil gas investigation is to install nested soil gas monitoring 
points (SGMPs) at approximately 5-foot, 15-foot, and 30-foot depths within the vadose zone at co-located 
positions next to groundwater monitoring wells or purge wells.   The 5-foot depth is selected for 
comparison to EPA Regional Screening Levels (RSL) and calculated Target Soil Gas Screening Levels 
for less than 5-foot depth.  The 15-foot depth is selected to collect soil gas potentially residing under 
target residence basements extending approximately 9-feet below ground surface. The 30-foot depth is 
selected to provide additional information regarding potential vapor-phase partitioning of contaminants 
residing in groundwater below the study area. The goal will be to vertically monitor soil gas above the 
groundwater plume at established groundwater monitoring wells near residential receptors, over a one 
year semi-annual monitoring period.  The vertical concentration and attenuation of soil gas throughout the 
vadose zone will be determined through laboratory analysis of target compounds and comparison of soil 
gas concentrations at different depths.    

In addition, theoretical (potential) soil gas concentrations at the groundwater-vadose zone interface will be 
estimated based on HLC for individual compounds using the generalized formula: 

CSoil Gas = CGroundwater x HLC x CF. 

Example: 

CGroundwater carbon tetrachloride (10 ug/L) x HLC carbon tetrachloride (0.030 unitless) x Conversion Factor 
(1,000 L/m3) 

CSoil Gas = 300 ug/m3 

The objective will be to investigate if concentrations of target compounds exist near surface receptors, 
and determine if risks exist based on published screening values.   

Existing groundwater monitoring data and groundwater monitoring data collected from future groundwater 
monitoring events will be used to document the groundwater conditions at the site. 

2.2 Installation of Soil Gas Monitoring Points 
Section 2.2 presents the methods and means by which the soil gas investigation will be performed.  This 
includes justification for soil gas monitoring point locations, drilling installation methods, and SGMP 
construction. 

2.2.1 Justification of Soil Gas Monitoring Point Locations 
A total of twenty-one SGMP (at shallow, intermediate and deep profiles) at seven co-located well 
locations are proposed.  The locations are presented on Figure 2 and are summarized in Table 1. 

  



AECOM Work Plan for Soil Gas Investigation Environment 

 

l:\work\60143500\misc\vi\soil gas wp\revison 1.0\vapor intrusion work plan rev 1.0 feb 7.docx 

6

Table 1 

Summary of SGMP and Wells 

SGMP Well ID Location Justification 

SGMP-01 
s,i,d 

RFI-MW-05-05 and Well S In plume location, 250’ from residences and shallow monitoring well. 

RFI-MW-05-05 is screened at the water table, and Well S is screened 20 
feet deeper.   

SGMP-02 
s,i,d 

RFI-MW-05-06 In plume location near residence and shallow monitoring well. 

SGMP-03 
s,i,d 

RFI-MW-05-08 cluster 
well 

Plume center.  Hexachloroethane and CT present in groundwater, 
adjacent to well cluster with a shallow monitoring well, near residential 
property. 

SGMP-04 
s,i,d 

RFI-MW-05-07 cluster 
well and purge well Pg 

Plume center at purge wells.  Historical high groundwater concentrations, 
adjacent to a well cluster with a shallow monitoring well. 

SGMP-05 
s,i,d 

Purge well Ph East flank of plume. Near Resort building. 

SGMP-06 
s,i,d 

 Purge well Pi Near Resort building. 

SGMP-07 
s,i,d 

Purge well Pe West flank of plume. 500’ from residences.  Well WW-26, near Pe will 
not be used, as it is not screened at the water table. 

 

Wells MW-05-05, MW-05-06, MW-05-07A and MW-05-08A are screened over the water table and monitor 
groundwater quality in the top level of the aquifer.  Well cluster MW-05-07 consists of five monitoring wells 
screened from the top of the water table to the base of the lower clay till.  Well cluster MW-05-08 consists 
also of five monitoring wells screened from the top of the water table to the base of the lower clay till.  The 
purge wells are all screened below the water table; however, the purge wells have 20 to 25-foot long 
screens and receive contaminated groundwater through the vertical aquifer profile.  A summary of well 
screen depths is presented as Table 2. 

Table 2 

Summary of Well Screen Depths 

Well ID 

Depth to 
Water (ft) 
May 2010 

Top of 
Screen (ft) 

Bottom of 
Screen (ft) 

Screen 
Length (ft) Comments 

MW-05-05 43.26 40 45 5 Water Table Well 

S 43.55 60 66 6 Below Water Table 

MW-05-06 41.92 40 45 5 Water Table Well 

MW-05-07A 51.17 48 53 5 Water Table Well 
MW-05-07B 51.16 67 72 5 Below Water Table 
MW-05-07C 51.38 83 88 5 Below Water Table 
MW-05-07D 50.27 93 98 5 Below Water Table 

MW-05-07E 45.9 120 125 5 Deep Well (base of Till) 

MW-05-08A 46.26 44 49 5 Water Table Well 
MW-05-08B 46.29 59 64 5 Below Water Table 
MW-05-08C 46.3 81 86 5 Below Water Table 
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Well ID 

Depth to 
Water (ft) 
May 2010 

Top of 
Screen (ft) 

Bottom of 
Screen (ft) 

Screen 
Length (ft) Comments 

MW-05-08D 45.9 90 95 5 Below Water Table 

MW-05-08E 42.5 107 112 5 Deep Well (base of Till) 

Pe NA 60.5 80.5 20 Below Water Table 

WW-26 49.15 90 110 20 Deep Well (Base of Till) 

Pg NA 60.5 80.5 20 Below Water Table 
Ph NA 73 93 20 Below Water Table 

Pi NA 70 95.8 25.8 Below Water Table 

 

2.2.2 Direct Push Installation of SGMP 
Soils in the proposed investigation area are primarily fine to medium grain, well-graded sands.  However, 
thin (< 6-inches) discontinuous horizons of clay have been logged at a depth of approximately 12.5 feet 
bgs in the vicinity of RFI-MW-05-06.  Seven bore holes will be performed at each nested SGMP location 
to verify stratigraphy at proposed SGMP. The SGMP will be installed using a track-mounted Geoprobe 
66-DT or comparable direct-push hybrid rig.  Anticipated installation depths will be approximately 5, 15 
and 30-feet below ground surface at each SGMP location; however, exact vertical placement of SGMP 
may be adjusted based on presence of thin clay horizons, if observed. The SGMP will be installed in 
separate dedicated borings located within three feet of each other.  Construction of the SGMP is 
discussed in Section 2.2.3. 

Soil samples will be retrieved at the 5-foot, 15-foot and 30-foot depths using a macro-core sampling tool 
and logged by a geologist using the Unified Soil Classification System.  Soil samples will be collected and 
screened using an organic vapor analyzer photo-ionization detector (PID) instrument, calibrated to an iso-
butylene standard.  Lithologic descriptions and PID screening results will be documented in a dedicated 
hard-bound surveyor grade field notebook. 

Select soil samples from the 5-foot, 15-foot and 30-foot depths will also be analyzed for the following 
parameters to estimate potential for contaminant sorption and pneumatic permeability (ADEQ, 2008): 

 Soil Volumetric Water Content (or Moisture) – ASTM D2216 or similar 

 Soil Organic Carbon Fraction (foc) – ASTM Method D2974 

 Bulk density – ASTM D4404 

 Porosity – ASTM D4404 

 Grain-Size Distribution, with hydrometer (USCS) 

Soil samples will be shipped under chain-of-custody to a geotechnical testing laboratory identified by GSH. 

Vadose zone soils derived through investigation and drilling activities will be placed in 55-gallon drums, 
characterized and, if necessary, disposed of at an appropriate disposal facility.  All sampling equipment 
and tooling will be decontaminated between borings at a dedicated decontamination area. 
Decontamination of equipment will consist of using a pressurized steam cleaner and containment basin.  
All decontamination water and rinseate will be transferred to OCC’s onsite treatment facility and treated 
using granular activated carbon (GAC). 
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2.2.3 Soil Gas Monitoring Point Construction 

SGMP will be fixed and dedicated sampling devices constructed using 
Geoprobe Systems® AT86 Series vapor implants.  The screens are 
constructed of stainless-steel mesh, 6-inches long x 0.25 inch OD, with 0.15 
mm screen-mesh openings.  The vapor implants will be factory-fitted with 
stainless-steel hose barbs to accommodate 3/16-inch ID tubing (vapor implant 
model AT8617S) (Geoprobe Systems®, 2006).  All connective tubing will be 
manufactured of NylaFlow® (nylon) tubing, as recommended by USEPA 
(USEPA, 2009).  The NylaFlow® tubing will be attached securely to a barb 
connection and deployed through hollow Geoprobe® rods to the target vertical 
monitoring depths of 5, 15 and 30-feet bgs.  A generalized schematic of the 
terminal connection is presented to the left.  

The SGMP are deployed by inserting the vapor implant screens attached to 
the tubing through a 0.625-inch I.D. annular rod space to the desired depth. 

A Swagelok® Quick-Connect fitting will be added to the end of the tubing at 
ground surface to interface with standard air sampling apparatus and lab-
certified clean 6-liter Summa canister.  All stainless-steel SGMP will be 
decontaminated before use using steam cleaner and allowed to dry before 
use.  This will be done to remove cutting oils or other lubricants or solvents 
potentially used on the metal surfaces. 

Geoprobe Systems®, 2006 

At each location, three boreholes will be advanced using direct-push tooling.  SGMP will be installed at 
approximately 5-foot depth (shallow), 15-foot depth (intermediate) and 30-foot depths (deep).  Due to the 
limitations of introducing sand filter pack or glass beads through a narrow 0.625-inch annular space 
accommodating 0.25-inch SGMP tubing, no filter pack will be used for construction of the SGMP.   The 
SGMP will be constructed in native sand formation that will be allowed to collapse around the SGMP.  
The on-site geologist will verify that grain-sizes are larger than the filter-screen size based on physical 
observation of the native sand. Upon removal of the Geoprobe® tooling, formation collapse will be verified 
by inserting a rigid line or weighted tape in the annular space above the SGMP.   

To create a surface seal, granular dry bentonite hole-plug will be poured from ground surface to 
approximately 4 feet bgs at all the SGMP locations. The top of the SGMP will be finished with a locking, 
enclosed stick-up style housing, surface completed with concrete.  Each SGMP location will be labeled as 
SGMP-No-S, I or D (e.g. SGMP-01-S).   

The SGMP will be allowed to equilibrate with native conditions for a period of approximately 7 days prior 
to sampling. 

A generalized SGMP construction schematic is shown in Appendix B. 

2.3 Sampling and Monitoring 

2.3.1 Soil-Gas Purging 
Prior to soil gas sampling, the SGMP and associated tubing and formation within the 1.5-inch diameter 
borehole around the screen interval will be purged using a vacuum pump regulated at low-flow rates 
between 100 to 200 ml/min.  This will be performed to ensure that stagnant or ambient air will be removed 
from the sampling system (including the NylaFlow® tubing) and to assure soil gas samples are 
representative of sub-surface conditions.  The estimated pore-space volume for a 1.5-inch diameter 
Geoprobe® tooling borehole containing 2-feet of sand proximal to the SGMP screen was calculated to be 
approximately 0.015 cubic feet of gas, based on: 
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V = πr2h 

 V = Volume (cubic feet) 

  = 3.141592654 

 r2 = Radius Squared (1.5-inch diameter borehole = 0.004 feet) 

 h = Height (2 feet) 

 = 0.025 cubic feet volume 

Porosity Sand = 30% 

Soil Gas Volume = 0.0075 cu feet 

Three sand pore-space volumes (0.023 cubic feet)(651.29 ml) will be purged at each SGMP location. The 
volume of gas within the 35 feet of tubing was calculated to be 0.0067 cubic feet (190 ml).  This 
calculates to be a total purge time of approximately 6 minutes at 150 ml/minute purge rate at each SGMP. 

However, GSH will include additional purge time at each SGMP station, to be a total of 15 minutes at 150 
ml/min.  Sampling, discussed in Section 2.3.2, will be performed at the same flow rates as the purging 
(150 ml/min). 

Purging will be accomplished by connecting the NylaFlow® tubing at each SGMP to a section of poly-
tubing mounted to a vacuum pump.  The purge line will be fitted with a valve and T-connector to facilitate 
periodic monitoring of oxygen and carbon dioxide, using portable gas meter, as recommended in the 
OSWER 2002 VI guidance.  At one deep SGMP, per sampling event, one duplicate sample will be 
collected with a separate dedicated 6-liter Summa canister.  The duplicate sample will be collected 
immediately after a 15-min purge event at 150 ml/min. 

No tracer gas (helium or argon) leak-testing using a shroud (inverted dome) is proposed using methods 
prescribed for sub-slab soil gas sampling due to the targeted sampling depths (surface short-circuiting or 
infiltration of ambient air through grout seals for borings 5-feet deep or greater is unlikely).  However, field 
quality assurance to ensure that above-grade connections are not leaky will consist of the following 
(ADEQ, 2008): 

 Vacuum testing, where the above-grade sampling train is closed, and a vacuum is applied and 
measured over a period of time (no changes in line vacuum indicate sound seals).  

 Oxygen monitoring, considered a qualitative test and indicator of short-circuiting.  Elevated oxygen 
measurements in soil gas may indicate surface short-circuiting. 

2.3.2 Summa Canister Sampling 
A summary of sampling methods is presented: 

 The soil gas sampling will be performed at 21 SGMP locations using 6-liter capacity metal Summa 
canisters to collect soil-gas grab samples. Dedicated NylaFlow® tubing will be used for all extraneous 
sampling connections.  

 Prior to collecting a grab-sample using a Summa canister, a purge volume of approximately 850 ml 
will be performed at each location. 

 Soil gas samples will be collected at a minimum vacuum to minimize desorption of contaminants from 
a sorbed phase.  OSWER VI recommended sampling rate between 100-200 ml/min will be 
performed.  



AECOM Work Plan for Soil Gas Investigation Environment 

 

l:\work\60143500\misc\vi\soil gas wp\revison 1.0\vapor intrusion work plan rev 1.0 feb 7.docx 

10

 One duplicate sample will be collected at one deep SGMP. The duplicate soil gas sample will be 
accomplished by concurrently collecting two soil gas samples at two Summa canisters connected by 
way of a T-connection. 

 Temperature, barometric pressure and outside rainfall will be recorded at each sampling station and 
documented on a field sampling form.  Rainfall will be recorded from a local weather data station in 
Montague, Michigan. 

A Soil Gas Sampling Form is attached as Appendix C. 

2.3.3 Monitoring Events 
Two soil gas sampling events are proposed during a summer monitoring event and winter monitoring 
event (May and November 2011).  The soil gas sampling will be performed at the same time semi-annual 
groundwater samples are collected perimeter monitoring wells at the Montague Site. 

2.4 Analysis 
The 21 soil gas samples, plus one duplicate sample, will be submitted to Accutest, Dayton, New Jersey, a 
NELAC accredited analytical laboratory for analysis of Constituents of Concern by TO-15.  Table 3 is the 
list of the volatile constituents of concern that are TO-15 analytes and specified Reporting Limits. The 
samples will be delivered under chain-of-custody documentation after each sampling day.   The holding-
time for samples will be 72-hours.  A chain-of-custody form, laboratory SOP for TO-15, laboratory 
qualifications package, and SOPs for handling Summa canisters are presented in Appendix D. 

2.4.1 Hexachloroethane Analysis 
Hexachloroethane is a semi-volatile compound with some volatile characteristics (e.g. HLC greater than 
10-5 atm m3/mol).  Accutest laboratory has successfully performed analysis of hexachloroethane using 
TO-15 methodology.  However, a 5-point calibration methodology will be performed to verify reliability of 
TO-15 methodology for hexachloroethane analysis from soil gas samples collected at the site. 

2.5 Building and Basement Survey 
A total of five occupied residences are present over the plume area, south of Old Channel Trail (see 
Figure 2).  One new additional residence has been built along McFall Drive. As required in the Amended 
FDRC document, GSH has identified that all six residences have poured concrete foundation basements 
extending approximately 9 feet below ground surface.   

On January 31, 2011, staff from GSH performed a survey at the Occidental resort buildings located south 
of Old Channel Trail.  These included the following buildings: 

Recreation Hall 

 Consisting of 7,640.25 square feet of building footprint and1,769 square feet of basement 
footprint.  However, “basement” is primarily walkout feature on grade, with block construction, 
with a narrow partitioned crawl space area with limited access. 

Conference Building 

 Consisting of 3,381 square feet of building footprint.  No basement.  Poured concrete slab. 

3 Bedroom Laundry Building 

 Consisting of 1,175 square feet of building footprint.  No basement.  Poured concrete slab. 
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White House 

 Consisting of 1,859.25 square feet of building footprint.  Partial basement area, consisting of 
619.75 square feet, with a block walls and poured concrete slab, and 8 feet below grade. 

Caretaker’s House with Detached Garage 

 Consisting of 914.25 square feet of building footprint.  Full basement, with block wall construction 
and poured concrete slab, 8 feet below grade.  Garage is 420.25 square feet with poured 
concrete slab on grade. 

 

A basement informational summary will be included in the Final Report of Findings for residential 
buildings over the plume and the buildings on the Occidental Chemical property south of Old Channel 
Trail. 

2.6 Groundwater Monitoring 
Groundwater samples will be collected from the monitoring wells adjacent to the soil gas monitoring 
points as defined earlier in Section 2.2.1.  At four of these locations, a shallow well is present immediately 
adjacent to the soil gas monitoring point and will provide data directly relevant to a comparison of 
groundwater concentrations to soil gas concentrations.  In addition, at three of these locations there are 
deeper well screens present that will be sampled to provide documentation of deeper groundwater 
concentrations (cluster wells at RFI-MW-07 and RFI-MW-08 and Well S at RFI-MW-05). At three other 
sample points, groundwater samples will be collected from the adjacent purge wells.  The purge wells are 
currently sampled quarterly, and the quarterly data will be used as appropriate for these locations.   

Sample collection and laboratory methods described in the current ground water monitoring plan (January 
2004, Revision 01) will be used for this sample collection when possible.  For wells without dedicated 
pumps groundwater samples will be collected using bladder-pumps and minimal drawdown low-flow 
groundwater sampling techniques.  
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3.0 REPORT OF FINDINGS 
Upon receipt of final analytical results from the second monitoring event, AECOM will prepare a Soil Gas 
Investigation Report summarizing field activities, results, and with recommendations.  The report will 
include the following: 

 Goals and Objectives 

 Identification of relevant regulatory guidance (USEPA RSL for Indoor Air) 

 Discussion of Field and Soil Gas Sampling Methods. 

 Results 

o 5-foot, 15-foot and 30-foot sampling depths (SGMP) 
o Lithological Logs 
o Field Soil Screening (PID) Results 
o Tabulated Soil Gas Concentrations  
o Soil Gas Sampling Forms 
o Sample Location Map. 
o Comparison of concentrations to USEPA RSL for Indoor Air 

 Discussion 

 Recommendations 

The report will be submitted to U.S. EPA for review and approval; and an amended report will be 
submitted if edits are required after review by U.S. EPA.   
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4.0 SCHEDULE 
If approval of this work plan is received by March 18, 2011, then the proposed soil gas sampling point 
installation will be performed in April 2011.  The first soil gas sampling event will be performed in May 
2011 and the second event in November or December 2011.  A draft report of findings will be prepared 
for U.S. EPA within 45 days of receipt of the final analytical results. 
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USEPA RSL (Nov 2010) for Residential Air 
(Based on 1x10‐6 target risk, Target Hazard 

of 1)1

AF 0.1 AF 0.01
(ug/m3) (ug/m3) (ug/m3) (ug/m3) (ppbv)

Carbon Tetrachloride 4.10E‐01 4.10E+00 4.10E+01 1.26 0.2

Chloroform 1.10E‐01 1.10E+00 1.10E+01 0.98 0.2

cis-1,2-dichloroethene No Value Calculated No Value Calculated No Value Calculated 0.79 0.2

trans-1,2-dichloroethene 6.30E+01 6.30E+02 6.30E+03 0.79 0.2

Tetrachloroethene (PCE) 4.10E‐01 4.10E+00 4.10E+01 0.27 0.04

Trichloroethene 1.20E+00 1.20E+01 1.20E+02 0.21 0.04

Hexachloroethane 6.10E‐01 6.10E+00 6.10E+01 TBD4 TBD4

1 http://www.epa.gov/reg3hwmd/risk/human/rb‐concentration_table/Generic_Tables/index.htm
2 Calculation based on Attenuation Factors (AF) of 0.10 and 0.010 for Shallow and Deep Soil Gas.
3 RL ‐ Reporting Data Limit
4 TBD ‐ RDL to be determined by Accutest Lab.

Compound

Accutest Lab RL3

Calculated Target Soil Gas Screening levels 
(Based on 1x10‐6 target risk, Target Hazard 

of 1)2

Target Soil Gas Analyte List, USEPA Regional Screening Level, and Accutest Reporting Limits

TABLE 3
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Appendix A 
 
Supplemental Groundwater 
Characterization Data Table 
(May 2005) 
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Appendix B 
 
Schematic of Soil Gas 
Monitoring Point 
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Appendix C 
 
Soil Gas Sampling Form 
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Appendix D 
 
Accutest Laboratories’ 
Qualifications Package 
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