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INTRODUCTION

On behalf of ConocoPhillips Company (COP), Stantec Consulting Corporation (Stantec), is
pleased to submit this Work Plan for Additional Site Assessment and Remediation Pilot Testing
for the Former 76 Station No. 7124 located at 10151 International Boulevard, Oakland,
California (Figures 1 and 2). This work plan has been developed at the request of the Alameda
County Environmental Health Services (ACEHS) in a letter dated June 18, 2009 (Attachment 1).

SITE DESCRIPTION

The site is currently an active Royal Gasoline Station located on the northwest corner of the
intersection of International Boulevard and 102nd Avenue in Oakland, California. Site facilities
include three underground storage tanks (USTs) and associated piping and fuel dispensers.

BACKGROUND INFORMATION

On March 22, 2000, SECOR International Incorporated (SECOR [now Stantec]) supervised the
removal and replacement of product lines and dispensers by Balch Petroleum of Milpitas,
California. Soil samples collected from beneath the dispensers and product lines revealed the
presence of total petroleum hydrocarbons as gasoline (TPHg) at a maximum concentration of
6,200 milligrams per kilogram (mg/kg), methyl tertiary butyl ether (MTBE) up to120 mg/kg, and
benzene up to 7.4 mg/kg. Excavation and sampling activities were observed and approved by
Inspector Gomez of the City of Oakland Fire Services Agency.

On March 27, 2000, SECOR observed the over-excavation of approximately 60 cubic yards of
soil from the beneath those portions of the dispensers and product lines where soil samples with
elevated concentrations of petroleum hydrocarbons were located. Areas measuring
approximately 8-10 feet long by 8-10 feet wide were over-excavated to an approximate depth of
8 feet bgs in each of these areas. Additional over-excavation in these areas was not possible
due to their proximity to the footings of the service station canopy. TPHg was detected in two of
the three samples at a concentration of 108 mg/kg; benzene was detected in one of the three
samples at 0.162 mg/kg; and MTBE was detected in all three samples at maximum
concentrations of up to 43.8 mg/kg. Lead was not detected at or above laboratory reporting
limits in any samples.

During February 2002, SECOR supervised the installation of four on-site groundwater
monitoring wells. Prior to well installation, all borings were advanced to 26.5 feet bgs, and
subsurface soil samples were collected every five feet. Soil samples were analyzed for gasoline
range organics (GRO), benzene, toluene, ethylbenzene, total xylenes (BTEX), and fuel
oxygenates via EPA Method 8260B. The maximum reported concentrations were 42 mg/kg
GRO, 0.36 mg/kg ethylbenzene, 0.26 mg/kg xylenes, and 1.2 mg/kg MTBE.

In September 2008, Stantec oversaw the advancement of two on-site and five off-site direct
push soil borings. Soil and grab groundwater samples were collected and analyzed for total
purgeable petroleum hydrocarbons (TPPH [aka gasoline]), BTEX, and fuel oxygenates tert-butyl
alcohol (TBA), MTBE, di-isopropyl ether (DIPE), ethyl tert-butyl ether (ETBE), tert-amyl methyl
ether (TAME), and ethanol, as well as, ethylene di-bromide (EDB) and 1,2-dichloroethane (1,2-
DCA) via EPA Method 8260B. Maximum concentrations of TPPH and MTBE in groundwater
were observed in off-site boring SB-4 (north of monitoring well MW-3), at concentrations of
45,000 micrograms per liter (µg/L), and 62 µg/L, respectively.
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GEOLOGY AND HYDROGEOLOGY

As shown in the United States Geological Survey Geologic Map and Map Database of the
Oakland Metropolitan Area, Alameda, Contra Costa, and San Francisco Counties, California,
prepared in 2000, the site is underlain by Holocene-aged alluvial fan and fluvial deposits.
Based on assessment activities performed by Stantec in September 2008, the subsurface
generally consists of silty sands to depths of 5 to 7 feet below ground surface (bgs), with a clay
layer generally being encountered beneath the sand layer to depths of 12 to 15 feet bgs. Below
this clay layer, the subsurface generally consists of interbedded silt and clay layers with
occasional sand layers with thicknesses of up to three feet being observed.

As outlined in the California Department of Water Resources 2003 California Groundwater:
Bulletin 118, the site lies within the East Bay Plain Subbasin of the Santa Clara Valley
Groundwater Basin. The East Bay Plain Subbasin is a northwest trending alluvial plain of
Quaternary Age, bounded on the north by San Pablo Bay, on the east by the contact with
Franciscan Complex rocks, on the south by the Niles Cone Groundwater Basin. The East Bay
Plain Subbasin extends beneath San Francisco Bay to the west.

REMEDIAL ACTION SUMMARY

Other than over-excavation activities associated with product line and dispenser
removal/replacement activities performed in March 2000, no active remediation has been
performed at the site.

RECEPTOR SURVEY

During the third quarter of 2004, SECOR completed a ½-mile radius agency receptor survey
and obtained an Environmental Data Resources Incorportated (EDR) radius map for the site.
The agency survey identified two industrial supply wells, three cathodic protection wells, and
two wells of unknown type within the search radius. The survey also identified twelve wells of
unknown type that could not be located precisely because the records on file with California
Department of Water Resources (DWR) did not include this information. These wells may or
may not be located within the search radius. The EDR radius map did not identify any water
supply wells within the search radius, but did identify two water supply wells within one mile of
the site.

During the third quarter of 2008, Stantec contacted the DWR to obtain copies of all well
completion reports for wells located within 0.25-mile of the site. Stantec reviewed these well
completion reports and determined that monitoring and vapor extraction wells associated with
two sites are located within 0.25-mile of the site. One monitoring well is located approximately
650 feet south-southeast of the site (cross-gradient), while six monitoring wells and two vapor
extraction wells are located approximately 1,150 feet north-northwest of the site (cross-
gradient). No domestic or industrial supply wells or irrigation wells were located within 0.25-mile
of the site.

Stantec also performed a utility survey at the site. The survey was conducted by having
Underground Services Alert (USA) mark the site for utilities. Stantec staff subsequently hired a
private utility locator to confirm utility locations and attempt to locate any potential utilities not
marked by USA. Based on depth to groundwater (generally 15 to 20 feet bgs) and observed
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dissolved-phase hydrocarbon distribution, Stantec felt the utility trenches do not represent likely
preferential pathways, and accordingly, did not determine the depths of the utility trenches.

PROPOSED SCOPE OF WORK

The purpose of this work is to better delineate the lateral extent of dissolved-phase hydrocarbon
impact beneath the site, evaluate the potential for vapor-phase hydrocarbon intrusion into the
adjacent Abe’s Lotto Liquors, and to perform a hydrogen peroxide injection pilot test. To
accomplish these goals, Stantec proposes the installation of three off-site groundwater
monitoring wells, the installation of two off-site hydrogen peroxide injection wells, and the
installation of two soil gas sampling points. The location of the proposed wells and soil gas
probes (Figure 2) are based on historical groundwater gradient and analytical data
(Attachment 2), as well as groundwater analytical data collected during the September 2008 site
assessment activities (Table 1). The proposed well and soil vapor probe installation activities
are outlined below.

 Site Health and Safety Plan. As required by the Occupational Safety and Health
Administration (OSHA) Standard “Hazardous Waste Operations and Emergency
Response” guidelines (29 CFR 1910.120), and by the California OSHA (Cal-OSHA)
“Hazardous Waste Operations and Emergency Response” guidelines (CCR Title 8,
Section 5192), Stantec will update the current site-specific Health and Safety Plan
(HASP) prior to the commencement of fieldwork. The HASP will be reviewed by field
staff and contractors before beginning field operations, and will be in the possession
of Stantec personnel while conducting work activities at the site.

 Permitting. Well construction permits will be obtained from the Alameda County
Public Works Agency (ACPWA). Based on a review of the ACPWA permit application
form, well construction permits will not be necessary for the soil gas sampling points.

 Monitoring Well Installation. Three groundwater monitoring wells (MW-5 through
MW-7) will be installed at the locations shown on Figure 2. Each well will be installed
using 10-inch diameter hollow-stem augers to a depth of approximately 25 feet bgs.
Based on recent groundwater monitoring data, depth-to-groundwater beneath the site
is approximately 15 to 20 feet bgs. The groundwater monitoring wells will be
constructed with 4-inch diameter, schedule 40 PVC casing equipped with 0.010-inch
slot screen from approximately 10 to 25 feet bgs.

 Hydrogen Peroxide Injection Well Installation. Two hydrogen peroxide injection
wells (IP-1 and IP-2) will be installed at the location shown on Figure 2. The wells will
be installed using either 8-inch or 10-inch diameter hollow-stem augers to a depth of
approximately 25 feet bgs. The hydrogen peroxide injection wells will be constructed
with 2-inch diameter, schedule 80 PVC casing, and equipped with 0.010-inch slot
screen from approximately 20 to 25 feet bgs (IP-1) and 15 to 25 feet bgs (IP-2),
respectively. Figure 3 shows a cross-section view of the locations of the proposed
hydrogen peroxide injection wells in relation to previous soil borings and monitoring
wells.

 Soil Sampling and Analysis. Soil samples will be collected for lithological
description and possible laboratory analysis at 5-foot intervals from each soil boring.
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Soil samples showing elevated readings on a photo-ionization detector (PID) and/or at
least two soil sample per boring will be sent under chain-of-custody procedures to a
California state-certified laboratory, and analyzed for the presence of TPHg, BTEX,
fuel oxygenates MTBE, TBA, DIPE, ETBE, TAME, and ethanol, and lead scavengers
EDB and 1,2-DCA by EPA Method 8260B.

 Well Development, Sampling, and Analysis. The groundwater monitoring wells and
hydrogen peroxide injection wells will be developed by rigorously surging the wells
over the length of the screen interval and by purging approximately 10 casing volumes
of water. Groundwater samples will be collected and analyzed for the presence of
TPHg, BTEX, fuel oxygenates and lead scavengers by EPA Method 8260.
Groundwater samples collected from the hydrogen peroxide injection wells will also be
analyzed for ferrous iron, total chromium, chromium VI, and arsenic. Field procedures
are included in Attachment 3.

 Soil Gas Probe Installation. Two soil gas probes (SG-1 and SG-2) will be installed
at the locations shown on Figure 2. Each well will be installed using a hand-auger to a
depth of approximately 5 feet bgs. The soil gas probes will be installed in accordance
with DTSC protocols. The soil gas probes will be covered in flush mounted well boxes
to maintain integrity and allow future sampling. Cal/EPA - DTSC soil gas point
installation protocols are addressed in section 2.2 of the Advisory-Active Soil Gas
Investigations dated January 28, 2003 (Attachment 4).

 Soil Gas Sampling Activities. Soil gas sampling will be done in accordance with the
DTSC protocol (Attachment 4). Initial soil vapor sampling will be performed at least 48
hours after installation of the soil vapor sampling points, and will not be performed
within five days of significant rainfall. Soil gas samples will be collected in Summa™
canisters and submitted under chain-of-custody documentation to a California state-
certified laboratory for chemical analysis. The gas samples will be analyzed for the
presence of TPHg, BTEX, MTBE, and Naphthalene by TO-15 and/or EPA
Method 8260B. Cal/EPA - DTSC soil gas sampling protocols are addressed in
section 2.6 of the Advisory-Active Soil Gas Investigations dated January 28, 2003.
Subsequent soil gas samples will be collected upon completion of the hydrogen
peroxide injection pilot test, so as to determine if hydrogen peroxide injections are
increasing shallow-soil vapor-phase hydrocarbon concentrations.

 Soil and Water Disposal. Soil cuttings generated during drilling operations will be
temporarily stored on-site in California State Department of Transportation (DOT)-
approved 55-gallon drums pending characterization and disposal. Soil cuttings will be
removed and transported by a ConocoPhillips’ disposal contractor to an appropriate
disposal facility. Water generated during the steam cleaning of drilling equipment
during the installation of the wells will be temporarily stored on-site in DOT-approved
55-gallon drums pending transport by ConocoPhillips’ disposal contractor to an
appropriate disposal facility. Soil cuttings and rinsate/purge water drums will be
temporarily stored on-site for approximately 4 to 6 weeks.

 Report. Following the completion of well and soil gas probe installation activities,
Stantec will submit a report documenting the findings of the investigation. The report
will include soil boring logs, permits, soil, soil gas, and groundwater analytical results,
chain-of-custody documentation, conclusions, and recommendations if any.
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Standard protocols for drilling and soil sampling, well construction, groundwater sampling and
equipment decontamination are presented in Attachment 3, while standard protocols for
installing and sampling soil gas probes are included in Attachment 4.

Following the completion of the above-outlined assessment activities, Stantec will perform a
hydrogen peroxide injection pilot test. The hydrogen peroxide injection pilot test will consist of
performing six bi-weekly injection events performed over a period of three months. During each
injection event, potable water will be mixed with 35% hydrogen peroxide in a 3 to 1 ratio to form
a solution with an approximate concentration of 8.8%. During each injection event,
approximately 20 gallons of diluted hydrogen peroxide solution will be injected into proposed
hydrogen peroxide injection well IP-1. The injection will be at a rate that will not overwhelm the
formation and cause backflow of any liquid out of the well.

Prior to initiating the pilot test, monthly during the pilot test, and upon conclusion of the pilot test,
groundwater samples will be collected from hydrogen peroxide injection wells IP-1 and IP-2, and
will be submitted for analysis of TPHg, BTEX, fuel oxygenates MTBE, TBA, DIPE, ETBE,
TAME, and ethanol, and lead scavengers EDB and 1,2-DCA, ferrous iron, total chromium,
chromium VI, and arsenic. Stantec will monitor wells IP-1 and IP-2 for elevated concentrations
of dissolved metals, which would indicate migration down-gradient may be possible. The
dissolved oxygen (DO) and pH concentrations in wells IP-1 and IP-2 will be measured before
each injection event. At this time, hydrogen peroxide injection well IP-2 will be used solely as a
down-gradient monitoring point. If hydrogen peroxide injections appear to be an effective
remedial technology, well IP-2 may be used for subsequent hydrogen peroxide injection
activities.

Upon completion of the six injection events, Stantec will issue a letter report evaluating the
results of the hydrogen peroxide injection activities and if an expanded network of hydrogen
peroxide injection wells appears warranted.

SCHEDULE

Stantec is prepared to initiate the proposed scope of work within 4 weeks of regulatory approval.
Being as the proposed monitoring and hydrogen peroxide injection wells are located off-site,
access agreements will need to be procured. Based on past experiences with obtaining access
agreements, the time-frame to receive the agreements can be highly variable. Accordingly,
Stantec will update ACEHS staff as to the status of the access agreements and if possible, the
expected drilling schedule within three months of receiving work plan approval.





TABLE



Total
Date TPPH Benzene Toluene Ethylbenzene Xylenes MTBE* TBA*

Soil Boring Sampled (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

ESL 100 1.0 40 30 20 5.0 12

SB-1 9/5/2008 <50 <0.50 <0.50 <0.50 <1.0 <0.50 <10

SB-2 9/4/2008 3,400 <5.0 <5.0 <5.0 <10 <5.0 <100

SB-3 9/4/2008 480 <0.50 <0.50 <0.50 <1.0 <0.50 <10

SB-4 9/3/2008 45,000 <12 <12 <12 <25 62 <250

SB-5 9/3/2008 67 <0.50 <0.50 <0.50 <1.0 25 120

SB-6 9/5/2008 <50 <0.50 <0.50 <0.50 <1.0 2.0 <10

SB-7 9/4/2008 <50 <0.50 <0.50 <0.50 <1.0 <0.50 <10

Explanation:
TPPH = Total purgeable petroleum hydrocarbons (gasoline)
MTBE = Methyl tert-butyl ether
TBA = Tert-Butyl alcohol
ppb = parts per billion
< = Not detected at or above laboratory reporting limits
* = Analyzed for fuel oxygenates diisopropyl ether, tert-amyl methyl ether, ethyl tert-butyl ether, and ethanol, and lead

scavengers 1,2-dibromoethane and 1,2-dichloroethane, and were reported as not detected.
ESL = California Regional Water Quality Control Board - Region 2 Environmental Screening Level for groundwater that

is a current or portential drinking water resource.

Oakland, California

Table 1
September 2008 Assessment Groundwater Analytical Data

Former 76 Service Station No. 7124
10151 International Boulevard

I:\ConocoPhillips\Retail Sites\7124\Tables\7124 Work Plan 07-09 1 of 1
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ATTACHMENT 3
FIELD PROCEDURES

STANDARD PROCEDURE FOR
HOLLOW STEM AUGER DRILLING

Prior to drilling, all boring locations are marked with white paint or other discernible marking and
cleared for underground utilities through Underground Service Alert (USA). In addition, the first
five feet of each borehole are drilled with a vacuum truck or air knife to evaluate the presence of
underground structures or utilities.

Once pre-drilling efforts to identify subsurface structures are complete, pre-cleaned hollow stem
augers (typically 8 or 10 inches in diameter) are advanced using a rotary drill rig for the purpose
of collecting samples and evaluating subsurface conditions. Upon completion of drilling and
sampling the augers are retracted and the borehole is filled with concrete, bentonite grout,
hydrated bentonite chips or pellets as required by the regulatory agency. In areas where the
borehole penetrates asphalt or concrete, the borehole is capped with an equivalent thickness of
asphalt or concrete patch to match finish grade.

During the drilling process a physical description of the encountered soil characteristics (i.e.
moisture content, consistency, odor, color, etc.), drilling difficulty and soil type as a function of
depth are described on boring logs. The soil cuttings are classified in accordance with the
USCS.

All soil cuttings are temporarily stored on-site in 55-gallon DOT approved drums pending
laboratory analysis, waste profiling and proper disposal. A label is affixed to the drums
indicating the contents of the drum, suspected contaminants, date of drilling, borehole number,
and depth interval from which the contents were generated.

STANDARD PROCEDURE FOR SOIL SAMPLING
SPLIT SPOON SAMPLING

The pre-cleaned split spoon sampler lined with three 6-inch long brass or stainless steel tubes is
driven 18 inches into the underlying soils at the desired sample depth interval. The sampler is
driven by repeatedly dropping a 140-pound hammer a free fall distance of 30 inches. The
numbers of blows (blow count) to advance the sampler for each six-inch drive length are
recorded on the field logs. Once the sampler is driven the full 18-inch drive length or the
sampler has met refusal (typically 50 blows per six inches), the sampler is retrieved.

Of the three sample tubes, the bottom sample is generally selected for laboratory analysis. The
sample is carefully packaged for chemical analysis by capping each end of the sample with a
Teflon sheet followed by a tight-fitting plastic cap and sealing the cap with non-VOC, self-
adhering silicon tape. A label is affixed to the sample indicating the sample identification
number, borehole number, sampling depth, sample collection date and time, the sampler’s
name, job number, etc. The sample is then annotated on a chain-of-custody form and placed in
an ice-filled cooler for transport to the laboratory.

The remaining soil samples are used for soil classification and field evaluation of headspace
volatile organic vapors, where applicable, using a photoionization or flame ionization detector



calibrated to a calibration gas (typically isobutylene or hexane). VOC vapor concentrations are
recorded on the boring logs. A physical description of the encountered soil characteristics (i.e.
moisture content, consistency, odor, color, etc.) and soil type as a function of depth are
indicated on the boring logs. In addition, the sample recovery and sampler penetration are also
noted on the boring logs. The sampled soils are classified in accordance with the USCS.

STANDARD PROCEDURE FOR WELL CONSTRUCTION

Wells are constructed by inserting or tremming well materials through the annulus of the hollow
stem auger. In general, the monitoring wells are constructed with 15 feet of screen to
approximately 10 feet below groundwater with schedule 40 PVC blank casing to ground surface,
while the hydrogen peroxide injection wells are constructed with 5 to 10 feet of screen to
approximately 10 feet below groundwater with schedule 80 PVC blank casing. The well screen
consists of 0.010-inch slot PVC casing. The screen is then filter packed with No. 2/12 sand.
Where shallow groundwater is encountered or perched water dictates otherwise, the screen is
adjusted, as appropriate, to maintain a proper seal at the surface (minimum three feet) and to
avoid penetrating low permeable horizons or aquicludes. All wells are installed in accordance
with the conditions of the well construction permit issued by the regulatory agency exercising
jurisdiction over the project site.

Once the borehole has been drilled to the desired depth, approximately six inches of filter sand
are tremmied to the bottom of the boring. The well screen and blank well casing are then
inserted through the annulus of the hollow stem augers. The well screen is sandpacked by
tremming the appropriate filter sand through the annulus between the casing and augers while
slowly retracting the augers. During this operation, the depth of the sand pack in the auger is
continuously sounded to make sure that the sand remains in the auger annulus during auger
retraction to avoid shortcircuiting the well. The sand pack is tremmied to approximately two feet
above the screen. Following construction of the sand pack, a two-foot thick bentonite seal is
tremmied over the sand and hydrated in place. The remainder of the borehole is backfilled with
bentonite grout, pellets, or chips. The wellhead is then capped with a locking cap and secured
with a lock to protect the well from surface water intrusion and vandalism.

The wellhead is further protected from damage with traffic a rated well box in paved areas or
locking steel riser in undeveloped areas. The protective boxes or risers are set in concrete.
The details of well construction are recorded on well construction logs.
Following well construction, the wells are developed in accordance with agency protocols by
intermittently surging and bailing the wells. Development is determined to be sufficient once pH,
conductivity and temperature stabilize to within the 10 percent of the previous two readings and
turbidity is below 10 NTUs.

Wastewater collected during development is contained in 55-gallon DOT approved drums and
stored on site pending laboratory results and disposal. A label is affixed to the drums indicating
the contents of the drum, suspected contaminants, date of generation and the monitoring well
number from which the waste water was generated.

To evaluate groundwater gradient and groundwater elevation, the well heads are surveyed to an
assumed or legal bench mark depending on the requirements of the project.



STANDARD PROCEDURE FOR
EQUIPMENT DECONTAMINATION

All equipment that could potentially contact subsurface media and compromise the integrity of
the samples is carefully decontaminated prior to drilling and sampling. Drill augers and other
large pieces of equipment are decontaminated using high pressure hot water spray. Samplers,
groundwater pumps, liners and other equipment are decontaminated in an Alconox scrub
solution and double rinsed in clean tap water rinse followed by a final distilled water rinse.

The rinsate and other wastewater are contained in 55-gallon DOT-approved drums, labeled (to
identify the contents, generation date and project) and stored on-site pending waste profiling
and disposal.
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ADVISORY – ACTIVE SOIL GAS INVESTIGATIONS

As a coordinated effort, this document is issued by the California Regional Water Quality Control Board – Los
Angeles Region (LARWQCB) and Department of Toxic Substances Control (DTSC) as an Advisory subject to
review and revision as necessary. Mention of trade names or commercial products does not constitute the
Agency’s endorsement or recommendation. The information in this Advisory should not be considered as
regulations. In this Advisory, “Agency” should mean LARWQCB and/or DTSC.

1.0 INTRODUCTION

Active soil gas investigations are useful to obtain vapor phase data at sites
potentially affected by volatile organic compounds (VOCs), including chlorinated and
aromatic hydrocarbons. Active soil gas investigations may also be used to
investigate sites potentially affected by methane and hydrogen sulfide, and to
measure fixed and biogenic gasses (e.g., oxygen, carbon dioxide, or carbon
monoxide). Among other things, the data can be used to identify the source and
determine the spatial distribution of VOC contamination at a site, or to estimate
indoor air concentrations for risk assessment purposes.

For site characterization, the Agency encourages both soil gas and soil matrix
sampling. Typically, soil gas data are more representative of actual site conditions
in coarse-grained soil formations while soil matrix data are more representative of
actual site conditions in fine-grained soil formations. For evaluating the risk
associated with vapor intrusion to indoor air, soil gas data are the preferred
contaminant data set, where practicable. Flux chamber and passive sampling
methods are not discussed in this Advisory. Any sites where such sampling
methods are necessary will be addressed separately.

On February 25, 1997, LARWQCB re-issued the “Interim Guidance for Active Soil
Gas Investigation” (ASGI) as guidance for investigating sites with potential VOC
contamination. Unless otherwise noted in this Advisory, the active soil gas
investigation should be performed in accordance with the most current ASGI.

2.0 SUPPLEMENTAL RECOMMENDATIONS

The following sections supplement the ASGI in an effort to ensure that consistent
methodologies are applied during soil gas investigations to produce reliable and
defensible data of high quality. All sampling probe installation, sampling, and
analytical procedures, whether or not discussed below, are subject to Agency review
and approval.

2.1 Project Management
2.2 Soil Gas Sampling Probe Installation
2.3 Purge Volume Test
2.4 Leak Test
2.5 Purge/Sample Flow Rate
2.6 Soil Gas Sampling
2.7 Analysis of Soil Gas Samples
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2.1 Project Management

2.1.1 Workplan: An appropriate workplan should be prepared and submitted
to the Agency for review and approval at least 30 days prior to its
implementation. Any variations or deviations from this Advisory should
be specified in the workplan. The soil gas workplan can either be
incorporated as part of a comprehensive site investigation workplan or
as a stand-alone document, depending on site-specific
circumstances.

2.1.2 Field Activities

A. The Agency should be notified 10 working days prior to
implementation of field activities. All necessary permits and utility
clearance(s) should be obtained prior to conducting any
investigations described in this Advisory.

B. All engineering or geologic work (e.g., logging continuous soil
cores, soil description) should be performed or supervised by a
California Registered Professional in accordance with the
Business and Professions Code, Chapters 7 and 12.5, and the
California Code of Regulations, Title 16, Chapters 5 and 29.

In addition, for proposed school sites, all work performed should be
under the direction and supervision of a project coordinator
experienced in soil gas investigations [e.g., an Environmental
Assessor as defined in Education Code Section 17210(b)].

C. Evaluation of raw data by Agency staff may occur either in the field
or in the office.

1. Hard copies of the complete raw laboratory data, including
handwritten data and field notes, should be provided to the
Agency staff upon request.

2. Adjustments or modifications to the sampling program may be
required by Agency staff to accommodate changes mandated
by evaluation of the data set or unforeseen site conditions.

D. Investigation derived wastes (IDWs) should be managed as
hazardous waste until proven otherwise or until specifically
approved by the Agency as being non-hazardous waste. IDWs
should be handled and disposed in accordance with federal, state
and local requirements.
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E. Field Variations

1. To expedite the completion of field activities and avoid potential
project delays, contingencies should be proposed and included
in the project workplan (e.g., soil matrix samples will also be
collected if clayey soils [as defined in the Unified Soil
Classification System (USCS)] are encountered during the
proposed soil gas investigation).

2. The Agency field staff should be informed of any problems,
unforeseen site conditions, or deviations from the approved
workplan. When it becomes necessary to implement
modifications to the approved workplan, the Agency should be
notified and a verbal approval should be obtained before
implementing changes.

F. Soil Matrix Sampling Requirements: Companion soil matrix
sampling may be conducted concurrently with a soil gas
investigation (in accordance with the ASGI, Section 5.0), except
where extremely coarse-grained soils (as defined in USCS) are
encountered or when specifically excluded by the Agency.

2.1.3 Soil Gas Investigation Reports: A soil gas investigation report including
a discussion of field operations, deviations from the approved
workplan, data inconsistencies, and other significant operational
details should be prepared. The report may either be a stand-alone
document in a format recommended by the Agency or be included
within a site-specific assessment report. At a minimum, the report
should contain the following:

A. Site plan map and probe location map at an appropriate scale as
specified in the workplan (e.g., scale: one inch = 40 feet);

B. Final soil gas iso-concentration maps for contaminants of concern
at the same scale as the site plan map;

C. Summary tables for analytical data, in micrograms per liter (mg/L),
in accordance with the ASGI;

D. Legible copies of field and laboratory notes or logs;

E. All analytical results and Quality Assurance/Quality Control
(QA/QC) information including tables and explanations of
procedures, results, corrective actions and effect on the data, in
the format specified by the Agency; and

F. Upon request, all raw data including chromatograms and
calibration data should be submitted to the Agency.
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2.2 Soil Gas Sampling Probe Installation

2.2.1 Lithology: Site soil or lithologic information should be used to select
appropriate locations and depths for soil gas probes. If on-site
lithologic information is not available prior to conducting the soil gas
investigation, at least one (1) continuously cored boring to the
proposed greatest depth of the soil gas investigation should be
installed at the first sampling location, unless specifically waived or
deferred by Agency. Depending on site conditions, additional
continuously cored borings may be necessary.

A. Lithologic logs should be prepared for all borings (e.g.,
continuously cored borings, soil matrix sampling, geotechnical
sampling, etc.). Note: This does not apply to direct-push soil gas
probe installations.

B. Information gathered from the continuously cored borings may
include soil physical parameters, geotechnical data and
contaminant data.

C. If low-flow or no-flow conditions (e.g., fine-grained soil, clay, soil
with vacuum readings that exceed approximately 10 inches of
mercury or 136 inches of water) are encountered, soil matrix
sampling using EPA Method 5035A should be conducted in these
specific areas. Also see Section 4 of LARWQCB’s “General
Laboratory Testing Requirements for Petroleum Hydrocarbon
Impacted Sites” on use of EPA Method 5035A.

D. If the bottom five (5) feet of a continuously cored boring is
composed of clay or soil with a vacuum exceeding approximately
10 inches of mercury or 136 inches of water, the continuously
cored boring should be extended an additional five (5) feet to
identify permeable zones. If the extended boring is also composed
entirely of clay, the boring may be terminated. Special
consideration should always be given to advancing borings and
ensuring that a contaminant pathway is not being created through
a low permeability zone.

2.2.2 Sample Spacing: A scaled site plan depicting potential or known areas
of concern (e.g., existing or former sumps, trenches, drains, sewer
lines, clarifiers, septic systems, piping, underground storage tanks
[USTs], chemical or waste management units) should be provided in
the project workplan. Sample spacing should be in accordance with
the most current ASGI and may be modified based on site-specific
conditions with Agency approval. To optimize detecting and
delineating VOCs, the grid spacing should be modified to include
biased sampling locations.
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2.2.3 Sample Depth: Sample depths should be chosen to minimize the
effects of changes in barometric pressure, temperature, or
breakthrough of ambient air from the surface; and to ensure that
representative samples are collected. Consideration should be given
to the types of chemicals of concern and the lithology encountered.

A. At each sample location, soil gas probes should be installed at a
minimum of one sample depth, generally at five (5) feet below
ground surface (bgs), in accordance with the most current ASGI.

B. Samples should be collected near lithologic interfaces or based on
field instrument readings (e.g., Flame Ionization Detector [FID],
Photo Ionization Detector [PID]) from soil cuttings and/or cores to
determine the location of maximum analyte concentrations at the
top or bottom of the interface depending upon the analyte.

C. Multi-depth sampling is appropriate for any of the following
locations:

1. Sites identified with subsurface structures (e.g., USTs, sumps,
clarifiers, waste or chemical management units), subsurface
sources (e.g., oil fields, artificial fill, buried animal waste),
changes in lithology, and/or contaminated groundwater. Soil
gas probes should be emplaced below the base of any
subsurface structures, sources or backfilled materials in the
vadose zone. Collection of deeper samples should be done in
consultation with Agency staff;

2. Areas with significantly elevated VOC concentrations detected
during shallow or previous vapor sampling;

3. Areas where elevated field instrument readings are
encountered from soil matrix cuttings, cores or samples; or

4. In the annular space of groundwater monitoring wells during
construction, where an assessment of the vertical extent of soil
gas contamination is necessary.

D. If no lithologic change or contamination is observed, default
sampling depths may be selected for multi-depth sampling. For
example, soil gas samples may be collected at 5, 15, 25, 40 feet
bgs, etc., until either the groundwater is encountered or VOCs are
not detected, whichever comes first.

1. Additional samples may be necessary based on site
conditions.

2. For Preliminary Endangerment Assessments: When 40 feet
bgs is reached, collection of deeper samples may be waived.
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However, assessment and/or characterization of the deeper
vadose zone may be required in the future to protect
groundwater resources.

2.2.4 Sampling Tubes: Sampling tubes should be of a small diameter (1/8
to 1/4 inch) and made of material (e.g., nylon, polyethylene, copper or
stainless steel) which will not react or interact with site contaminants.
For example, metal tubes should not be used for collection of
hydrogen sulfide samples.

A. Clean, dry tubing should be utilized at all times. If moisture, water,
or an unknown material is present in the probe prior to insertion,
the tubing should be decontaminated or replaced.

B. After use at each location:

1. Non-reusable (e.g., nylon or polyethylene) sampling tubes
should be discarded; or

2. Reusable sampling tubes should be properly decontaminated
as specified in Section 2.2.7.

C. A drawing of the proposed probe tip design and construction
should be included in the project workplan.

2.2.5 Soil Gas Probe Emplacement Methods

A. Permanent or Semi-permanent Soil Gas Probe Methods:
Permanent or semi-permanent soil gas probes may be installed,
using a variety of drilling methods. Please note that the mud rotary
drilling method is not acceptable for soil gas probe emplacement.
Other drilling methods such as air rotary and rotosonic can
adversely affect soil gas data during and after drilling and will
require extensive equilibration times. Therefore, they are not
recommended. Other soil gas probe designs and construction
(e.g., soil gas wells or nested wells) may be appropriate and
should be discussed with Agency staff prior to emplacement.
When additional sampling is not anticipated per consultation with
the Agency, such probes may be properly removed or
decommissioned after completion of the soil gas investigation.

1. The probe tip should be emplaced midway within a minimum of
one (1) foot of sand pack. The sand pack should be
appropriately sized (e.g., no smaller than the adjacent
formation) and installed to minimize disruption of airflow to the
sampling tip. See Figure 1 for more information.

2. At least one (1) foot of dry granular bentonite should be
emplaced on top of each sand pack to preclude the infiltration
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of hydrated bentonite grout. The borehole should be grouted to
the surface with hydrated bentonite. With respect to deep
probe construction with multiple probe depths, the borehole
should be grouted between probes. One (1) foot of dry
granular bentonite should be emplaced between the filter pack
and the grout at each probe location. See Figure 2 for more
information.

3. The use of a downhole probe support may be required for deep
probe construction (e.g., 40 feet bgs for direct push probes).

a. Such probe support may be constructed from a one-inch
diameter bentonite/cement grouted PVC pipe or other solid
rod, or equivalent, allowing probes to be positioned at
measured intervals.

b. The support should be properly sealed or solid (internally or
externally) to avoid possible cross-contamination or
ambient air intrusion.

c. The probes should be properly attached to the exterior of
the support prior to placement downhole.

d. Alternative probe support designs should be described in
the project workplan. If probe support will not be used for
deep probes, justification should be included in the project
workplan.

4. Tubing should be properly marked at the surface to identify the
probe location and depth.

5. As-built diagrams for probes or wells should be submitted with
the soil gas investigation report detailing the well identification
and corresponding probe depths. A typical probe construction
diagram may be submitted for probes with common design
and installation.

6. Unless soil gas probes are removed or decommissioned,
probes should be properly secured, capped and completed to
prevent infiltration of water or ambient air into the subsurface
and to prevent accidental damage or vandalism. For surface
completions, the following components may be installed:

a. Gas-tight valve or fitting for capping the sampling tube;

b. Utility vault or meter box with ventilation holes and lock;

c. Surface seal; and

d. Guard posts.
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B. Temporary Soil Gas Probe Emplacement Method: In general, the
drive rod is driven to a predetermined depth and then pulled back
to expose the inlets of the soil gas probe. After sample collection,
both the drive rod and tubing are removed.

1. During installation of the probe, hydrated bentonite should be
used to seal around the drive rod at ground surface to prevent
ambient air intrusion from occurring.

2. The inner soil gas pathway from probe tip to the surface should
be continuously sealed (e.g., a sampling tube attached to a
screw adapter fitted with an o-ring and connected to the probe
tip) to prevent infiltration.

2.2.6 Equilibration Time: During probe emplacement, subsurface conditions
are disturbed. To allow for subsurface conditions to equilibrate, the
following equilibration times are recommended:

A. For probes installed with the direct push method where the drive
rod remains in the ground, purge volume test, leak test, and soil
gas sampling should not be conducted for at least 20 minutes
following probe installation.

B. For probes installed with the direct push method where the drive
rod does not remain in the ground, purge volume test, leak test,
and soil gas sampling should not be conducted for at least 30
minutes following probe installation.

C. For probes installed with hollow stem drilling methods, purge
volume test, leak test, and soil gas sampling should not be
conducted for at least 48 hours (depending on site lithologic or
drilling conditions) after the soil gas probe installation.

D. Probe installation time should be recorded in the field log book.

2.2.7 Decontamination: After each use, drive rods and other reusable
components should be properly decontaminated to prevent cross
contamination. These methods include:

A. 3-stage wash and rinse (e.g., wash equipment with a non-
phosphate detergent, rinse with tap water, and finally rinse with
distilled water); and/or

B. Steam cleaning process.

2.3 Purge Volume Test

To ensure stagnant or ambient air is removed from the sampling system and
to assure samples collected are representative of subsurface conditions, a
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purge volume versus contaminant concentration test should be conducted as
the first soil gas sampling activity at the selected purge test point. The purge
volume test is conducted by collecting and analyzing a sample for target
compounds after the removal of appropriate purge volumes.

2.3.1 Purge Test Locations: The purge test location should be selected as
near as possible to the anticipated or confirmed contaminant source,
and in an area where soil gas concentrations are expected to be
greatest based on lithology (e.g., coarse-grained sediments). The first
purge test location should be selected through the workplan approval
process or as a field decision in conjunction with Agency staff.

2.3.2 Purge Volume: The purge volume or “dead space volume” can be
estimated based on a summation of the volume of the sample
container (e.g., glass bulbs), internal volume of tubing used, and
annular space around the probe tip. Summaä canisters, syringe, and
Tedlarä bags are not included in the dead space volume calculation.
The Agency recommends step purge tests of one (1), three (3), and
seven (7) purge volumes be conducted as a means to determine the
purge volume to be applied at all sampling points.

A. The appropriate purge volume should be selected based on the
highest concentration for the compound(s) of concern detected
during the step purge tests. The purge volume should be
optimized for the compound(s) of greatest concern in accordance
with Section 2.2 of the ASGI.

B. If VOCs are not detected in any of the step purge tests, a default of
three (3) purge volumes should be extracted prior to sampling.

C. The step purge tests and purging should be conducted at the
same rate soil gas is to be sampled (see Section 2.5).

D. The purge test data (e.g., calculated purge volume, rate and
duration of each purge step) should be included in the report to
support the purge volume selection.

2.3.3 Additional Purge Volume Test

A. Additional purge volume tests should be performed to ensure
appropriate purge volumes are extracted if:

1. Widely variable or different site soils are encountered; or

2. The default purge volume is used and a VOC is newly
detected.
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B. If a new purge volume is selected after additional step purge tests
are conducted, the soil gas investigation should be continued as
follows:

1. In areas of the same or similar lithologic conditions:

a. Re-sample 20 percent of the previously completed probes.
This re-sampling requirement may be reduced or waived in
consultation with Agency staff, depending on site
conditions. If re-sampling indicates higher detections (e.g.,
more than 50 percent difference in samples detected at
greater than or equal to 10 mg/L), all other previous probes
should be re-sampled using the new purge volume.

b. Continue the soil gas investigation with the newly selected
purge volume in the remaining areas.

2. In areas of different lithologic conditions: Continue the soil gas
investigation with the newly selected purge volume in the
remaining areas.

2.4 Leak Test

Leakage during soil gas sampling may dilute samples with ambient air and
produce results that underestimate actual site concentrations or contaminate
the sample with external contaminants. Leak tests should be conducted to
determine whether leakage is present (e.g., the leak check compound is
detected and confirmed in the test sample after its application).

2.4.1 Leak tests should be conducted at every soil gas probe.

2.4.2 Leak Check Compounds: Tracer compounds, such as pentane,
isopropanol, isobutene, propane, and butane, may be used as leak
check compounds, if a detection limit (DL) of 10 mg/L or less can be
achieved. These compounds may be contained in common products
such as shaving cream.

2.4.3 A leak check compound should be placed at any location where
ambient air could enter the sampling system or where cross
contamination may occur, immediately before sampling. Locations of
potential ambient air intrusion include:

A. Sample system connections;

B. Surface bentonite seals (e.g., around rods and tubing); or

C. Top of the Temporary Soil Gas Probe (see Section 2.2.5.B).
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2.4.4 The leak test should include an analysis of the leak check compound.
If a leak check compound is detected in the sample, the following
actions should be followed:

A. The cause of the leak should be evaluated, determined and
corrected through confirmation sampling;

B. If the leak check compound is suspected or detected as a site-
specific contaminant, a new leak check compound should be
used;

C. If leakage is confirmed and the problem can not be corrected, the
soil gas probe should be properly decommissioned;

D. A replacement probe should be installed at least five (5) feet from
the original probe decommissioned due to confirmed leakage, or
consult with Agency staff; and

E. The leak check compound concentration detected in the soil gas
sample should be included and discussed in the report.

2.5 Purge/Sample Flow Rate

Sampling and purging flow rates should not enhance compound partitioning
during soil gas sampling. Samples should not be collected if field conditions
as specified in Section 2.6.4 exist.

2.5.1 The purging or sampling flow rate should be attainable in the lithology
adjacent to the soil gas probe.

A. To evaluate lithologic conditions adjacent to the soil gas probe
(e.g., where no-flow or low-flow conditions), a vacuum gauge or
similar device should be used between the soil gas sample tubing
and the soil gas extraction devices (e.g., vacuum pump, Summaä
canister).

B. Gas tight syringes may also be used to qualitatively determine if a
high vacuum soil condition (e.g., suction is felt while the plunger is
being withdrawn) is present.

2.5.2 The Agency recommends purging or sampling at rates between 100
to 200 milliliters per minute (ml/min) to limit stripping, prevent ambient
air from diluting the soil gas samples, and to reduce the variability of
purging rates. The low flow purge rate increases the likelihood that
representative samples may be collected. The purge/sample rate
may be modified based on conditions encountered in individual soil
gas probes. These modified rates should be documented in the soil
gas report.
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2.6 Soil Gas Sampling

After the soil gas probe is adequately purged, samples should be collected by
appropriate methodologies.

2.6.1 Sample Container: Samples should be collected in gas-tight,
opaque/dark containers (e.g., syringes, glass bulbs wrapped in
aluminum foil, Summaä canisters), so that light-sensitive or
halogenated VOCs (e.g., vinyl chloride) will not degrade.

A. If a syringe is used, it should be leak-checked before each use by
closing the exit valve and attempting to force ambient air through
the needle.

B. If syringe samples are analyzed within five (5) minutes of
collection, aluminum foil wrapping may not be necessary.

C. EPA Method TO-14A, TO-15, or an equivalent air analysis method,
requires samples be collected in Summaä canisters.

D. If a Summaä canister is used, a flow regulator should be placed
between the probe and the Summaä canister to ensure the
Summaä canister is filled at the flow rate as specified in Section
2.5.2.

E. Tedlarä bags should not be used to collect VOC samples.

F. Specific requirements for methane and hydrogen sulfide sample
containers are specified in Section 2.7.9.

2.6.2 Sample Collection

A. Vacuum Pump: When a vacuum pump is used, samples should
be collected on the intake side of the vacuum pump to prevent
potential contamination from the pump. Vacuum readings or
qualitative evidence of a vacuum should be recorded on field data
sheets for each sample.

B. Shallow Samples: Care needs to be observed when collecting
shallow soil gas samples to avoid sample breakthrough from the
surface. Extensive purging or use of large volume sample
containers (e.g., Summaä canisters) should be avoided for
collection of near-surface samples [e.g., shallower than five (5)
feet bgs].
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2.6.3 Sample Container Cleanliness and Decontamination

A. Prior to its first use at a site, each sample container should be
assured clean by the analytical laboratory as follows:

1. New containers should be determined to be free of
contaminants (e.g., lubricants) by either the supplier or the
analytical laboratory; and

2. Reused/recycled containers: Method blank(s), as specified in
Section 2.7.1.A, should be used to verify sample container
cleanliness.

B. After each use, reusable sample containers should be properly
decontaminated.

1. Glass syringes or bulbs should be disassembled and baked at
240º C for a minimum of 15 minutes or at 120º C for a
minimum of 30 minutes, or be decontaminated by an
equivalent method.

2. Summaä canisters should be properly decontaminated as
specified by appropriate EPA analytical methods.

3. During sampling activities using reused/recycled sampling
containers (e.g., glass syringes, glass bulbs), at a minimum
one (1) decontaminated sample container per 20 samples or
per every 12 hours, whichever is more often, should be used
as a method blank (as specified in Section 2.7.1.A) to verify
and evaluate the effectiveness of decontamination procedures.

C. Plastic syringes should be used only once and then properly
discarded.

2.6.4 Field Conditions: Field conditions, such as rainfall, irrigation, fine-
grained sediments, or drilling conditions may affect the ability to collect
soil gas samples.

A. Wet Conditions: If no-flow or low-flow conditions are caused by
wet soils, the soil gas sampling should cease. In addition, the
Agency recommends that the soil gas sampling should not be
conducted during or immediately after a significant rain event (e.g.,
1/2 inch or greater) or onsite watering.

B. If low flow conditions are determined to be from a specific lithology,
a new probe should be installed at a greater depth or a new lateral
location should be selected after evaluation of the site lithologic
logs (See Section 2.2.1) or in consultation with Agency staff.
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C. If moisture or unknown material is observed in the glass bulb or
syringe, soil gas sampling should cease until the cause of the
problem is determined and corrected.

D. If refusal occurs during drilling, soil gas samples should be
collected as follows or in consultation with Agency staff.

1. For sample depths less than five feet, collect a soil gas sample
following the precautions outlined in Section 2.6.2.B.

2. For sample depths greater than five feet, collect a soil gas
sample at the depth of refusal.

3. A replacement probe should be installed within five (5) feet
laterally from the original probe decommissioned due to
refusal. If refusal still occurs after three tries, the sampling
location may be abandoned.

2.6.5 Chain of Custody Records: A chain of custody form should be
completed to maintain the custodial integrity of a sample. Probe
installation times and sample collection times should be included in
the soil gas report.

2.7 Analysis of Soil Gas Samples

2.7.1 Quality Assurance/Quality Control (QA/QC): The soil gas analytical
laboratory should comply with the project Quality Assurance Project
Plan (QAPP) and follow the QA/QC requirements of the most current
ASGI and the employed EPA Method. If there is any inconsistency,
the most restrictive and specific requirements should prevail. The
analytical data should be consistent with the Data Quality Objectives
(DQOs) established for the project. The Agency staff may inspect the
field and/or laboratory QA/QC procedures. Copies of the QA/QC plan
and laboratory calibration data should be presented to the Agency field
staff upon request.

Field QC samples should be collected, stored, transported and
analyzed in a manner consistent with site samples. The following QC
samples should be collected to support the sampling activity:

A. Sample Blanks

1. Method Blanks: Method blanks should be used to verify the
effectiveness of decontamination procedures as specified in
Section 2.6.3.B.3 and to detect any possible interference from
ambient air.

2. Trip Blanks for Off-site Shipments: Whenever VOC samples
are shipped offsite for analysis, a minimum of one (1) trip blank
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per day should be collected and analyzed for the target
compounds. Trip blanks, consisting of laboratory grade ultra
pure air, are prepared to evaluate if the shipping and handling
procedures are introducing contaminants into the samples, and
if cross contamination in the form of VOC migration has
occurred between the collected VOC samples. Trip blank
containers and media should be the same as site samples.

B. Duplicate Samples: At least one (1) duplicate sample per
laboratory per day should be field duplicate(s). Duplicate samples
should be collected from areas of concern.

1. Duplicate samples should be collected in separate sample
containers, at the same location and depth.

2. Duplicate samples should be collected immediately after the
original sample.

C. Laboratory Control Samples and Dilution Procedure Duplicates:
Laboratory Control Samples (LCS) and Dilution Procedure
Duplicates (DPD) should be done in accordance with the most
recent ASGI (Sections 3.5.0 and 3.12.4, respectively).

D. Split Samples: The Agency staff may request that split samples be
collected and analyzed by a separate laboratory.

2.7.2 Laboratory Certification: Although the California Department of Health
Services, Environmental Laboratory Accreditation Program (ELAP)
does not currently require certification for soil gas analytical
laboratories, the Agency recommends laboratories utilizing EPA
Methods 8260B, 8021B, and 8015B for analyses of soil gas samples
obtain ELAP certifications for such EPA analytical methods
accordingly. The Agency or DTSC’s Hazardous Materials Laboratory
(HML) staff may inspect the laboratory.

2.7.3 Detection Limits for Target Compounds: Analytical equipment
calibration should be in accordance with the most current ASGI.
Consideration and determination of appropriate DLs should be based
on the DQOs of the investigation.

A. The DL for leak check compounds should be 10 mg/L or less (see
Section 2.4.2). The DL for oxygen (O2) and carbon dioxide (CO2)
should be one (1) percent or less. The DLs for methane and hydrogen
sulfide are specified in Section 2.7.9.

B. If the investigation is being conducted to delineate the extent of
contamination, a DL of 1 mg/L is appropriate for all targeted VOCs.
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C. If the soil gas data are to be used to support risk assessment
activities, a DL of 1 mg/L may be appropriate for the initial
screening when evaluating all targeted VOCs. If the data are non-
detect for all targeted VOCs, additional sampling with lower DLs is
not required. If VOCs are detected, additional sampling, using a
DL of 0.1 mg/L, may be required to confirm the non-detection of
carcinogenic VOCs [see the Toxicity Criteria Database of the
California Environmental Protection Agency, Office of
Environmental Health Hazard (OEHHA), or the Integrated Risk
Information System (IRIS) Database of the United States
Environmental Protection Agency]. A DL of 0.1 mg/L may be
proposed and used for all carcinogenic target VOCs from the
beginning of the investigation.

D. Based on site-specific DQO needs, lower DLs may be required.
Examples of sites requiring site-specifc DQO needs include, but
are not limited to, chlorinated solvents sites, former industrial
facilities and landfills. Several less common VOCs, not included
on the ASGI-targeted compound list, may require lower detection
limits [e.g., bis(chloromethyl)ether, DBCP (1,2-dibromo-3-
chloropropane), or ethylene dibromide] when they are known or
suspected to be present.

E. If the required DLs cannot be achieved by the proposed analytical
method, additional sample analysis by a method achieving these
DLs [e.g., EPA Method 8260B with selective ion method (SIM),
TO-14A, TO-15] may be required. Use of these methods should
comply with the QA/QC requirements as specified in Section
2.7.1.

F. For results with a high DL reported (e.g., due to matrix interference
or dilution), the laboratory should provide a written explanation.
Re-sampling and analyses may be required at the appropriate DL
for a specific compound.

2.7.4 Sample Handling: Exposure to light, changes in temperature and
pressure will accelerate sample degradation. To protect sample
integrity:

A. Soil gas samples should not be chilled;

B. Soil gas samples should not be subjected to changes in ambient
pressure. Shipping of sample containers by air should be avoided;
and

C. If condensation is observed in the sample container, the sample
should be discarded and a new sample should be collected.
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2.7.5 Holding Time: All soil gas samples (e.g., samples of VOCs, methane,
fixed gases, or biogenic gases), with the exception of hydrogen sulfide
samples, should be analyzed within 30 minutes by an on-site mobile
laboratory. Hydrogen sulfide samples should be analyzed as
specified in Section 2.7.9.B.2. Under the following conditions, holding
times may be extended and analyses performed off-site:

A. Soil gas samples collected in glass bulbs with surrogates added
within 15 minutes of collection may be analyzed within 4 hours
after collection;

B. Soil gas samples collected in Summaä canisters may be
analyzed within 72 hours after collection; and

C. Methane samples may be analyzed as specified in Section
2.7.9.A.2.

2.7.6 Analytical Methods

A. VOC Samples: All VOC samples should be analyzed using only a
Gas Chromatograph/Mass Spectrometer (GC/MS) method (e.g.,
EPA Method 8260B, used for analysis of soil gas samples, EPA
Method TO-14A or TO-15, or equivalent), except at well-
characterized sites (e.g., VOCs are known to be present and
confirmed based on previous GC/MS analyses). A non-GC/MS
method (e.g., EPA Method 8021B, used for analysis of soil gas
samples) may be used only for routine monitoring of VOC
contamination at well-characterized sites.

If during routine monitoring, new VOC(s) were detected by a non-
GC/MS method, then at least 10 percent of the samples with each
newly identified VOC should be confirmed by a GC/MS method.
Thereafter, routine monitoring can resume with the non-GC/MS
method, including the new analyte(s).

B. Methane and Hydrogen Sulfide Samples: These gas samples
should be analyzed using methods specified in Section 2.7.9.

2.7.7 Auto samplers may be used if:

A. One (1) sample is introduced at a time;

B. The sample vials are gas-tight and never opened after the sample
is added;

C. Proper holding times are maintained (see Section 2.7.5); and

D. All samples are secured and under proper custody.
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2.7.8 Target Compounds

A. VOCs

1. ASGI-Targeted Compounds: The ASGI (dated February 25,
1997) includes 23 primary and four (4) other target VOCs. All
quantifiable results should be reported.

2. Others: The estimated results of all Tentatively Identified
Compounds [TICs]) or non-AGSI-targeted compounds
detected should be included in the report. If TICs or non-ASGI-
targeted compounds are identified, contact the Agency to
determine whether additional action is required (e.g., running
additional standards to quantify TICs or non-ASGI compounds)
and whether the use of these estimated data for risk evaluation
is appropriate.

B. Leak Check Compounds: All quantifiable results should be
reported as specified in Section 2.4.4.E.

C. Specific Compounds: Based on the site history and conditions,
analyses for specific compounds may be required by the Agency
staff. Examples include:

1. In areas where USTs or fuel pipelines are identified, soil gas
samples should be analyzed for oxygenated compounds [e.g.,
methyl tertiary butyl ether (MTBE), ethyl tertiary butyl ether
(ETBE), di-isopropyl ether (DIPE), tertiary amyl methyl ether
(TAME), tertiary butyl alcohol (TBA), and ethanol];

2. At oilfield sites where semi-VOCs or Total Petroleum
Hydrocarbons (TPHs) are detected in the soil gas samples,
fixed and biogenic gas (O2, CO2, and CH4) data should be
obtained using a Thermal-Conductivity Detector (TCD) or a
hand-held instrument;

3. At petroleum contaminated sites (including oilfields), dairies,
wetlands, landfills or other sites where the presence of
methane and/or hydrogen sulfide is suspected, soil gas
samples should be analyzed for methane and/or hydrogen
sulfide;

4. At sites where use of chlorinated solvents with 1,4-dioxane is
suspected or known to exist, soil gas samples may be
analyzed for 1,4-dioxane with a detection limit of 1 mg/L; or

5. See Section 2.7.9.A.4 below.
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2.7.9 Methane and Hydrogen Sulfide Sampling Programs: If the presence of
methane and/or hydrogen sulfide is suspected, they should also be included
in the analytical plan. After evaluating the initial soil gas data, the Agency may
recommend that testing for methane or hydrogen sulfide cease.

A. Methane Sampling Program: Methane samples may be analyzed
by a GC using modified EPA Method 8015B, EPA Method TO-3, or
ASTM 3416M (EPA 3C), or by an appropriate hand-held instrument
(e.g., Land Tech Gas Analyzer GA-90, Gas Emissions Monitor
GEM-500, GEM-2000).

1. Detection Limit: The DL for methane analysis should not
exceed 500 parts per million by volume (ppmv).

2. Methane Sample Containers: In addition to the gas-tight
sample containers previously specified in Section 2.6.1,
Tedlarä bags may be used for collection of methane samples
with a holding time of no more than 24 hours.

3. Methane Screening Level: When methane is detected at 1,000
ppmv or more, additional sampling and/or further investigation
is recommended to identify the source(s).

4. At sites where methane is investigated and detected at a level
of 5,000 ppmv or more, fixed and biogenic gas (O2, CO2, and
CH4) data should be obtained using a Thermal-Conductivity
Detector (TCD) or a hand-held instrument.

5. To determine that the area is pressurized by migration of
gases, pressure readings of each sampling tube system
should be recorded in the field logs and reported along with the
methane concentration.

6. Special GC Requirements: The GC method requires
calibration curves for analytes such as methane since it is not
a normal target analyte for such an analytical method.

7. Special Hand-Held Instruments Requirements: Hand-held
instruments should be calibrated in accordance with the
manufacture’s instructions. When a hand-held instrument is
used to analyze methane samples, the Agency recommends
that at least 10 percent of all positive methane samples (e.g.,
more than 5,000 ppmv), rounded to the nearest whole number,
be confirmed by another hand-held instrument (different unit or
brand) or by a GC method.

B. Hydrogen Sulfide Sampling Program: Hydrogen sulfide may be
analyzed by a GC using the South Coast Air Quality Management
District (SCAQMD) Method 307-91 or EPA Method 16, or by an
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appropriate hand-held instrument (e.g., LTX-310 calibrated for
hydrogen sulfide or Jerome 631-X).

1. Detection Limit: The DL should be equal to or less than 0.5
ppmv or be sensitive enough to allow for a modeled ambient air
concentration (at least one microgram per cubic meter) at the
soil surface.

2. Holding Time: Hydrogen sulfide samples should be extracted
directly into a hand-held analyzer within 30 minutes of
collection to minimize the risk of losing the hydrogen sulfide
due to reaction with active surfaces. If a hand-held instrument
is not used, hydrogen sulfide samples should be analyzed as
below:

a. Within 30 minutes of collection, using the GC procedures;
or

b. Within 24 hours of collection, if a surrogate is added to the
samples, or 100 percent duplicate samples are collected.

3. Sample Containers: The following sample containers are
recommended:

a. Minimum one (1) liter black Tedlarä bag fitted with
polypropylene valves or the equivalent;

b. 100-ml gas-tight syringe fitted with an inert valve and
wrapped in aluminum foil;

c. Gas-tight glass bulb wrapped in aluminum foil; or

d. Glass-lined or silicon coated Summaä canister.

4. Precautions

a. Since hydrogen sulfide is extremely unstable in the
presence of oxygen and moisture, contact of hydrogen
sulfide samples with them should be avoided.

b. Due to the high reactivity of hydrogen sulfide gas, contact of
hydrogen sulfide samples with metallic or other non-passive
surfaces should be avoided during sample collection,
storage and analysis.

c. Care must be taken so that GC components do not react
with the sample. Typically glass-lined injection ports and
TeflonTM tube packed columns are used to avoid loss of
hydrogen sulfide due to reaction with active surfaces.
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3.0 SOIL PARAMETERS

If the soil gas data will be used in a health risk assessment, an estimation of the
indoor air concentration should be performed using soil gas data with an Agency
approved or modified predictable indoor air model. Default values of input
parameters may be used in accordance with the approved indoor air modeling
guidance and in consultation with Agency staff. If default values are not used, site-
specific soil parameters should be obtained as discussed below.

To assess health risk, indoor air quality, the threat of groundwater contamination
from VOCs, or to evaluate the effectiveness of a proposed remedial technology, the
following soil matrix parameters should be obtained from a minimum of three (3)
sample locations (at depths* corresponding to or associated with the detected
VOCs) for each soil type in association with the soil gas investigation:

3.1 Soil description performed and presented in accordance with the Unified Soil
Classification System (USCS);

3.2 Density;

3.3 Organic carbon content of the soil** (by the Walkee Black Method);

3.4 Soil moisture;

3.5 Effective permeability***;

3.6 Porosity; and

3.7 Grain size distribution analysis (curve) and evaluation of fine-grained soil
content (by wet sieve analysis and any supplementary methods as
necessary) to determine the percent clay, silt and sand. (The grain size
distribution analysis will be used to classify the soil in accordance with the
U. S. Soil Conservation Service [SCS] soil type, which is the same as the
U. S. Department of Agriculture soil type.)

* Samples may be collected from proposed depths at the continuously cored boring.
** This input parameter is required for soil matrix VOC samples only. This parameter sample

should not be collected from an impacted area.
*** As an alternative, the measurements of saturated hydraulic conductivity may be used to estimate

vapor permeability.
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FOR MORE INFORMATION

Please contact the following person if you need additional information or if you have
comments:

Mr. Joe Hwong, RG, CHG
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Figures – Soil Gas Probe Emplacement Methods

Figure 1 – Permanent/Semi-permanent Gas Figure 2 – Multi-depth Gas Probe
Probe Construction Diagram Construction Diagram

Approx. 1-ft in
thickness

Approx. 1-ft in
thickness

Fill to the
surface

Approx. 1-ft in
thickness

Approx. 1-ft in
thickness

Temporary Gas
Probe Method

Drive
rod

Drive
tip

Sample
tube

To Surface

Vapor
inlet

Fill to the
surface Hydrated

granular
bentonite

Sand
pack

Probe tip

Dry
granular
bentonite

Approx. 1-ft in
thickness

Approx. 1-ft in
thickness

Fill to
approx. 1-ft
below sand
pack


