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[. INTRODUCTION

Consistent and appropriate site investigation teglas must be used to ensure that accurate, reliable,
and representative data are collected during the site assessment process. The following guidance is
provided to establish standardized methods and procedures for the investigation, testing, and
interpreation of geology, hydrogeology, and contaminant mobility. This section is not intended to
duplicate welestablished methods and procedures, but to establish minimum standards for proper
investigation techniques at a contaminated site.

The investigation techniques include soil and rock sampling, soil vapor sampling, direct measurement
of vapor flux, groundwater sampling, laboratory analysis, and stockpile sampling. Additional

guidance on standard field and laboratory methods can afsaitin many textbooks, government
agency documents, and professional society publications.

Il. BORING AND WELL PERMITS

Permits are required for all groundwater, vadose wells, cathodic protection wells, and for many
exploratory borings (San Diego Coyr@ode, Title 6, Division 4). Standards for well construction,
destruction, reconstruction, or repair are as stated in California Department of Water Resources
Bulletins 7481 and 74€0. More specific boring and well construction standards are presented
Appendix B.IV. An explanation of permit requirements is provided below. Completed permit
applications must be submitted to the San Diego County Department of Environmental Health
(DEH), Monitoring Well Program (MWPand approval must be received befdrilling can begin.

In San Diego County, wells include:

Community supply wells,

Individual domestic wells,

Commercial supply wells,

Industrial supply wells,

Agricultural supply wells,

Cathodic protection wells,

Groundwater monitoring wells (observatiwells and piezometers),
Groundwater remediation wells,

Vadose monitoring wells, (vapor wells, gas monitoring wells, vapor probes),
Vapor extraction/inlet wells, and
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Borings (test holes, auger holes, driven test holes, cone penetrometer test holes, Site
Characterization and Analysis Penetrometer System [SCAPS] test holes, geotechnical
borings, etc.).

Geothermal Heat Exchange Wells

Enhanced.eak Detection (ELD) Probes

A. Permit Requirements

1.

Page5-2

Groundwater, Vadose, and Cathodic Protection Wells

Well permits are required for any groundwater, vadose, or cathodic protection well

installation regardless of how the well is installBéwatering wells require a permit if they

will be used beyond the initial construction phds@rmation on the construction and

destruction methods and specific permitting requirements for cathodic protection wells can be
found on the San Diego County websitehat MWP welpage:

http://www.sdcounty.ca.gov/deh/water/sam monitoring_well page.html

Enhanced Leak Detection (ELD) Probes

ELD is used to monitor new and existing underground and above ground storage tanks and
associated pigdinesfor vapor and liquiddaks. All vertical vapor probes installed after
underground and above groutashks and pipelines are in operation require a permit. For
details about permitting and construction requirements, refer to Appendix B.

Exploratory or Test Borings and Geotetinical Borings
Well permits are required on all sites for:

Any boring in which a casing will be installed

Any boring that has a monitoring device installed

Any soil boring greater than 20 feet in depth

Any soil boring, 20 feet or less in depth, wheredh®undwater table is anticipated to be
encountered

A permit for geotechnical borings mae waived after reviewf information on the location

of the boringdy the MWP. Waivers are considered only for areas where hazardous waste or
hazardous materialsve not been stored, are not now stored, are not proposed to be stored or
areas where soil and groundwater contamination is not known or suspected. Submit a waiver
request (available at the above referencedoagd along with a detailed site map and a
description of the proposed work to astit MWPIn the evaluation.

Well Destruction

Well permits are required fahe destruction of any groundwater, vadose, or cathodic
protection wellunless the well is destroyed within the life of the permit
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5. Well Reconstruction

Well permits are required for reconstruction of any groundwater, vadose, or cathodic
protection well. A reconstruction is defined as an alteration to a well beyond minor
modifications to the surface completion above the betgtdayer.Minor modifications may
be completed without a permit but must berappd bythe MWPbefore work begis.

B. Permit Application

Submit one original compl ete @i Pe rMmitdaringAppl i ca
Well s and Exploratory or Test Boringso (well
supporting documents (if required), and the appropriate fees to the Monitoring Well Permit Desk.

A copy of the well/boring application is availalih Appendix B.lland on the above webpage

The MWPwWill not process the application until all fees are submitiite application must have
original signatures of both the driller and thamfessionaGeologist PG), Registered Civil

Engineer (RCE), Géfied Engineering Geologist (CEG), or Certified Hydrogeologist (CHIG)
responsible charge of the worllease allow seven to ten (7 to 10) working ddier a complete
application package is receiviat processing and review.

ti
/b

If an incomplete applation is submitted, the permit application may be returfibd.approved
permit will be emailed to the contact person indicated in the application and the driller.

1. Application for Groundwater Monitoring Well Construction, Destruction, and Borings

Complee t he fAiPermit Application for Groundwater
Exploratory or Test Borings. o The foll owing
application.

a. Assessorods parcel number (APN)

b. Current property owner

c. Cb57 driller'sinformation(all work must be done by a properly California licensed driller
with a bond to work in San Diego County.)

d. LicensedGeologist or Civil Engineer on project

e. Number of wells (or borings) to be constructed or destroyed

f. Well type

g. Drilling method

h. Proposed mateis to be used

i. Proposed well construction or for well dest
or well construction permit number(s)

jo Drill erd6s signature (must have original sig

k. Original signature oProfessionatzeologist PG), Registerd Civil Engineer (RCE),
Certified Engineering Geologist (CEG), or Certified Hydrogeologist (CtaGyvells and
borings. The drill erds signature must be pr
I.  Evidence of a $7,500 bond, posted with the Coohtyan DiegpoDepartmat of
Environmental Health
m. Detailed site plan (drawn to scale) showing the location of the proposed well(s) and/or
boring(s) and the location of existing wells. The plan must show the location of existing
improvements, such as structures, undergroundgedanks (USTs), and underground
utilities. An adequate vicinity map is also required to show the site location in relation to
the surrounding area.

SAM Manual 8/15/2011 Page5-3



SECTION 5: SITE INVESTIGATION TECHNIQUES

n. Supporting documents:
e Applications for traffic control permits, and encroachment/excavation permits
for work in the public righbf-way
e A Property OwneConsen{PQOC) formis required on applications for all work
except: onsite, open LOP site assessment cases (SAM is lead agency), Caltrans
propertyandMilitary property.

2. Application for Cathodic Protection Wellsand ELD Probes

Al l of the above information is required wit
required.

3. Fees

To be accepted kihe MWP, a well/boring application must be submitteithvihe
appropriate fees. The current permit fees are detailed on page three of the application that is
providedon the monitoring well webpage

4. Refund of Permit Fees

If you did not complete the original scope of work for the permit issued, submiit@nw
request to the Monitoring Well Permit Desk for a refund of the appropriate portion of the
unused fees. Your requestish be received within 30 days aftke expiration date of the
permit. A fee will be deducted from the refund to cover the pramgssid the technical
review of the permit.

2. Permit Extensions

A permit is valid for 120 days. It may be extended for an additional 120 days for the purpose
of completing the original scope of workwo extensions may be requested for 120 days
each for tle purpose of completing the original scope of work.

Submit a written request for an extension to the Monitoring Well Permit Desk before the
expiration date, along with an extension fee. Contact the Monitoring Well Desk for the
amount of the fee as it m|sed on the Environmental Health Technician hourly rate. The
maximum term of a permit cannot exce&&D days

3. Permit Modifications

Permit modifications will be grantedtifie Monitoring Well Permit Desis notified at the

time of initial drilling activties that further work is needed. We will require a written request
for a modification, including the additional fees and a revised site map to be submitted to our
office within five (5) business dayslf it is determined after the initial drilling thadditional

work is necessary new application must be submitted.
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C. Inspections
1. Dirilling Inspections

The Monitoring WellPermitDeskmust be given 48 hours notice prior to commencement of
drilling activity. MWP staff conductandom orsite drilling inspections. These inspections
are to observe field activities and to ensure that all work is being completed in compliance
with the current local and state requirements.

2. Well Completion Inspections

a. MWP staff will perform inspettons of all sites that have groundwater, vadose, or
cathodic protection wells, or where these wells have been destroyed, to determine if the
wells were completedr destroyedn accordance with current local and state standards
and to observe the loaterm maintenance of the well(s).

b. Inspection reportwill be issued when it is observed that monitoring wells or cathodic
protection wells are not being maintained and/or they present a potential public health
hazard or environmental hazard.

3. Reinspections

While inspecting drilling sites, DEH staff may discover that the scheduled drilling operations
were cancelled. If the DEH Monitoring Well Permit Desk has not been properly notified of a
drilling cancellation, and staff travels to a site to conduct gpeiction, a rénspection fee

may be required. Contact the Monitoring Well Permit Desk at (6192338 for any

drilling activity, including cancellations.

No additional fees are chargtat the initial inspectionA re-inspection fee will be required
for each subsequentirgspectionunless satisfactory proof of compliance, such as phbass

been provided to M\W staff. Subsequent necompliance will result in an Official Notice to
attend an office conference and further enforcement action.

D. Dirilling B ond
Prior to obtaining a permit to drill, the licensed driller must have a $7,500 bond posted with DEH.

This bond can either be a cash bond or an insurance performance bond. For details concerning
drilling bonds, call (858) 565173.

E. Permit Conditions
1. Workplans

An approved drilling permit application does not constitute an approved workplan as defined
in CCR Title 23, Article 11, Section 2722.
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2. DEH Notification

The consultant/driller must notitjhe Monitoring Well Permit Des#8 hours before the date
of drilling. Additionally, the consultant/driller must also notifye Monitoring Well Permit
Deskof any cancellation or rescheduling of drilling. Call (619)-2339 for all scheduled
drilling, cancellations, or rescheduling.

3. 60-Day Drilling Report Submission

Within 60 days after construction or destruction of wells, or drilling of boringds|lieg

report with the following information must be submittedite MWP. Thedrilling report

must be sent directly tine County 6San Diego, Department of Environmental Health, Site
Assessment and Mitigation Prograkhonitoring Well Permit Desk, P. O. Box 129261, San
Diego, CA 921120261.

a. For wells and borings, provide:
(1) Location and identification of property by:

Site name anddalress

Assessorodos parcel number
Establishment number (H#), if any

Well permit number

(2) A detailed plot plan drawn to scale showing location of site and nearesstrass,
property boundary lines, existing improvements such as USTSs, piping, and/or
utilities, and the location of all wells and borings, both existing and proposed.

(3) A detailed log for each well/boring describing the density, moisture content, color,
grain size distribution, and character of all lithologic units penetrated. The log must

include:
e Depth of first groundwater
e Static water level in the completed well(s)
e Date of measurement
e Field vapor readings
e Dates of drilling initiation and completion
4) Adet ai-badl fiaswel | ¢ on svelibaricgtdibnoetertypkiofa gr am wi

casing, screened interval, screen slot size, type of filter pack, location and type of
sealssurveyed well elevations and locatioaad volumes of materials used (cubic
feet)for each well/boring or a statement that they were sealed in accordance with
State and Local guidelineSurveying must be performed by an appropriately
licensed professional and meet the accuracy requirements of CCR Title 12, Section
27292729.1.

(5) A grainsize analysis of the lithologic unit or units that represent soils adjacent to the
perforated portion of the well, if performed.
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(6) All laboratory analysis data and chain of custody if there is no current DEH
RWQCB or DTSGsite assessment case.

(7) All well construction and boring reports must have the original signature of the
registered professional and/or their seal as required by the Business and Professions
Code. TheéPG, CEG, RCE, or CHGwho signed the permit applicatias,
responsible for thaccuracy and completeness of the logs and accompanying data

(8) The name of the drilling companyho completed the work
For Well Destruction

(1) Provide a detailed site plan, as outlined in Section 5.11.E.4.a. (2), drawn to scale, and
giving accurate locations of all wells and borings with well identification numbers.

(2) Include the location of the site by:

e Site name and address
e Assessorumberparcel n
¢ Well permit number and/or establishment number

(3) Documentation of well destruction includes:

e Description of the method of destructimeluding auger size

e Description of the type of sealing materials and volume of materials used (cubic
feet)

o Date thework was started and the date the work was completed

e The name of the drithg company who completed the work.

4. Storage of Drill Cuttings and Groundwater

a.

SAM Manual

Drum Labeling

Temporary drum storage of contaminated drill cuttings (soil) or groundwater requires
proper labeling.

(1) If the drill cuttings or groundwater is a hazardous waste, a hazardous waste label
must be properly completed and affixed to drums. All hazardous waste must be
managed, stored, and disposed in accordance with all applicable hazardeus wast
laws and regulations.

(2) If the drill cuttings (soil) or the groundwater is not suspected of being contaminated
(e.g., awaiting laboratory results), the drums must be clearly marked with the
following information.

Description of contents (e.g., soilater)
Boring identification

Date of boring

Consulting company hame

24-Hour contact phone number
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b. Drum Storage

All drums must be labeled and stored within a secure area. Drums containing hazardous
waste must be removed within 90 daysnimum stormwaterequirements must be met
according to Appendix N

F. Well and Boring Standards

Please refer to Appendix Bfor local standards on well construction, well reconstruction, and
well and boring destruction. Additionally, San Diego County requires all warertgply with
the Department of Water Resources Bulletin8T4nd 7490.

Ill. SOIL AND ROCK SAMPLING

A. Geologic Observations and Interpretations

Understanding the geology at a site is critical in designing and implementing site assessment and
remediatiorprograms. Observations of soil and rock types encountered during site investigations
should be integrated with all site findings and correlated with the local geologic environment.

Consider the following items to improve your understanding of the site.
¢ Review of existing geologic information from all available sources such as:

Published geologic maps and reports,

Personal or company experience in the site vicinity,

Reference material at local university libraries,

Site investigation and assessmegarts prepared by environmental consultants on file
with governmental agencies such as DEH, RWQCB, building departr@aua$racker

or others.

[ el e i

Review of aerial photographs

Review of topographic maps

Observation of road cuts, excavations, and other exgess$n the site vicinity
Drilling one or more soil boring(s) using continuous coring methods

It is important to understand the local geologic environment to interpret the significance of
changes in soil and rock types encountered in excavations analesrahthe site.

Field observations, chemical analytical data, presence of groundwater, and presence of free
product should be detailed in boring logs and trench logs. The depth and thickness of perched
water or zones with neaqueous phase liquid (NAPBRbove the water table should be logged,
sampled, and reported on the boring logs. Drilling generates cuttings that can be logged and
interpreted to describe the underlying rock type and geologic structure. An interpretation should
be made between fiéind native soil, and should include an identification of the fill and native

soil contact. Furthermore, all soil and fill materials should be described by using a soil
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classification system. Rocks and geologic formations should be described by usipgogmniae
rock classification systensuch as ASTM

A list of the observations that should be made and noted on field logs is presented Bl able
Note that additional field descriptions for soils may be made depending on grain size. A key
must be sufmitted with all boring logs. A list of field description guides is available in
Appendixl.Il, underTechnical References

An PG, CEG, RCE, or CHG who is registered with, or certified by, the State of California must
log all soil and rock materials. Aatined and experienced technician working under the direct
supervision and review of one of these registered professionals shall be deemed qualified,
provided this professional assumes responsibility for the accuracy and completeness of the logs.
In addition, all work and reports that require geologic or engineering evaluations and/or
judgments must be performed under the direction of an appropriately registered or certified
professional. The registered professional must sign all reports containing fewctation.
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TABLE 5-1: FIELD DESCRIPTIONS FOR SOIL AND ROCK

DESCRIPTIONS (1) SOIL (2) SEDIMENTARY
Classification System USCs List system used
Classification ML, SW, CL, etc. Sandstone, siltstone, conglomerate

Specify fill or native sail.

Distribution/Abundance of
Grain Size

Relative (include maximum
Particle size)

Relative
(include maximum particle size)

Minerals Optional List most abundant to least abundan
Color Munsell Color Chart Munsell Color Chart

Moisture Content/Saturation | Relative Relative

Odor Optional Optional

OVA Readings Optional Optional

Contaminant Discoloration As present As present

Natural Organics As present As present

Plasticity Degree of Degree of

Visible Porosity As applicable As applicable

Blow Counts As applicable As applicable

Density (field) Relative Relative

Induration Optional Relative

Cementation As present (type and degree) As present (type and degree)
Weathering Not applicable Degree of

Fossil Assemblages or Trace| As present As present

Fossils

Texture/Structure

Grain shape(s)
layers/laminations

Bed thickness, laminations, sorting,
packing, grain shape(s), fracturing o
folding, etc.

Other Observations

As present

As present

8/15/2011

SAM Manual



SECTION 5: SITE INVESTIGATION TECHNIQUES

TABLE 5-1 (cont.): FIELD DESCRIPTIONS FOR SOIL AND ROCK

DESCRIPTIONS

(3) IGNEOUS

(4) METAMORPHIC

Classification System

List system used

List system used

Classification

Diorite, monzonite, gabbro, dacite,
basalt, etc.

Schist, gneiss, quartzite,
mylonite, etc.

Minerals

List most abundant to
least abundant

List most abundant to
least abundant

Particle/Grain Size Distribution

Relative
(include maximum particle size)

Relative
(include maximum particle
size)

Color

Munsell Color Chart

Munsell Color Chart

Moisture Content/Saturation Relative Relative
Odor Optional Optional
OVA Readings Optional Optional
Contaminant Discoloration As present As present

Natural Organics

Not applicable, unless in fractures

Not applicable, unless in
fractures

Visible Porosity As applicable As applicable
Blow Counts As applicable As applicable
Density (field) Relative Relative
Induration Relative Relative
Weathering Degree of Degree of

Fossil Assemblages or Trace
Fossils

Not applicable

As present (remnant)

Texture Euhedral to anhedral, equigranular t{ Lineations, foliation,
porphyritic vesicular to scoriaceous,| cleavage, cataclastic to
crystalline or glassy, etc. mylonitic, etc.

Structure Size and density of fractures, Size and density of fractures,

faulting, folding, cleavage, etc.

faulting, folding, cleavagestc.

Other Observations

As present

As present
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Site geology controls the migration of contaminants. An understanding of soil and rock types
within their geologic framework allows for better determination of the location of additional soil
borings andnonitoring wells, should further assessment or monitoring of subsurface

contamination be necessary. Graphical presentations such as geologic cross sections are essential
to illustrate interpreted changes in soil and rock types (refer to Appendix F.imptes of site

maps and geologic cross sections). -Sgecific geologic information is necessary to evaluate

and design remediation programs and to perform fate and transport studies.

B. Sample Collection

The goal of the site assessment is to deterrhim@ature and extent of contamination. The

guality and integrity of samples, sample locations, and other field observations will strongly
influence interpretation of site conditions. Sample collection, management, and analysis must be
done in accordanacgith the procedures specified in:

e CCRTitle 22, Division 4.5, Chapter 11, Article 3, Section 66261.20(c), and

e U.S. Environmental Protection Agency document, Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, S846, Sixth Edition (2007).

Many container types are available for contaminant sampling and/or storage. The contaminant
class determines the type of container that is selected. Follow the protocols outlined in EPA
SW-846 for selecting the appropriate containers and for detemgnimoper handling and storage
requirements. Sleeves or liners are generally used when volatile compounds are present or
suspected. Their use, however, may be limited by certain geologic conditions in San Diego
County. Norclear sleeves and liners alsmit observations of lithology and the presence or
absence of contamination. For these reasons, glass jars with-liefidtids are commonly used.
When glass jars are used they should be filled completely to minimize headspace.

C. Sampling to Delineate C ontamination

Subsurface sample locations should be guided by the underlying geology, contaminant
characteristics, and field conditions to determine the extent and magnitude of contamination.
Discrete samples are required to demonstrate delineation tahtioation,composite samples

will not be acceptedDelineation is generally complete when successive nondetectable levels of
contaminants are observed.

Samples have historically beeallected at intervals of 5 feet. However, since thin distinct layers
of contaminated soil may exist, or changes in lithology that affect contaminant distribution may
occur within a Hoot interval, soil and rock samples should be collected at significant changes in
lithology and other locations as necessary, based orolislervations of contamination.

Within the capillary fringe and the saturated zone, samples should generally be collected at 1
2-foot intervals in order to delineate the "smear zone." For the purpose of this manual, the "smear
zone" is defined as Bmr rock in the vicinity of the capillary fringe, and below the water table,

which contains contaminants in a sorbed or free product phase (lightjneous phase liquid or
LNAPL). The smear zone develops when the water table fluctuates or is dejebsseL .

The smear zone will provide a continuing source of groundwater contamination and must be
delineated for an effective remediation program to be designed.
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Site-specific sampling protocol and sampling strategy must be presented in a workplam(Sect
4.111), and should be discussed with DEH staff. Sampling plans often need to be modified during
field operations; therefore, details of the sampling and analyses actually performed must be
described in the site assessment report.

D. Drilling Techniques for Sample Collection

A number of sample collection techniques are used in subsurface investigations. Determining a
suitable approach to sampling will depend upon the site accessibility, underlying lithology, and
contaminant type. Driven sampling metldtat utilize splispoon samplers, probe/push

sampling techniques, and continuous coring techniques are preferred because these methods
allow collection of samples at precise depths. Samples should be collected at least 6 to 18 inches
in advance of thdrill bit or auger to ensure that undisturbed native material is obtained.

Because the original borehole depth of grab samples collected from auger flights is uncertain, this
sampling technique should only be used when drsgnpler and continuow®ring methods are

not feasible. When grab samples are being collected, they should be obtained from the lowest
flight of the auger and close to the auger stem. Caving or sloughing of the sides of the borehole
in softer sediments may further complicate idécdtion of grab sample depths and should be

noted on field logs.

Drilling methods that add water, drilling fluids, or other substances into the boring during drilling
may contaminate samples, spread contamination, and interfere with analysis for target
compounds. A Material Safety Data Sheet (MSDS) must be obtained from the manufacturer for
each drilling fluid or additive used at the site. For percussion drilling and otherluwe/n

devices that require lubrication, a pure vegetable oil or other peatrdiee hydrocarbon

lubricant must be used. Any substance introduced into the boring or drilling environment should
be sampled for comparison analysis of target compounds ifcomsamination is suspected.

The most common drilling and auguring methods@esented in Tables Actual site

conditions may affect the suitability of these methods. Alternative approaches must be discussed
with DEH staff.
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TABLE 5-2: SAMPLING TECHNIQUES

METHOD BEST RESULTS IN NOT GOOD FOR OTHER REMARKS
Hollow Stem Fill, soil, most Larger cobbles, Good for discrete, in situ
Auger sediments boulders, hard rock samples

Solid Stem Auger

Fill, soil, cobbles,

Cohesionlessr

Large quantities of spoils;

(18-24 inch consolidated sediments| saturated soil, boulders| difficult sampling below
diameter) hard rock water table; poor sample
integrity
Bucket Auger Cobblerich strata, Cohesionless or Large quantities ofpoails;
consolidated sediments| saturated soil, boulders| difficult sampling below
hard rock water table; poor sample
integrity
Probe/Push Fill, soil, most Gravelly soil, cobbles, | Limited samplevolume for
Samplers sediments, weathered | boulders, hard rock analysis; limited depth.

(CPT, Strataprobe
Geoprobe or
like samplers)

decomposed granite

Doesn't penetrate
consolidated sails.

Air Rotary

Any soil or rock

Air may volatilize
contaminants; air stream
must be dual filtered

Air Percussion

Cemented strata,
conglomerate, boulders|
cobbles, hard rock

Unconsolidated soils
and sediments

Air may volatilize
contaminants; air stream
must be dual filtered

Mud Rotary

Any soil or rock

Use only appropriate drilling
fluids

Rock or Diamond
Coring

Hard rock

Gravels, cobbles,
unconsolidated soils

Usefacedischarging drill bit
designed for environmental
purposes

Casing Hammer

Soil, unconsolidated
river wash, gravel,
cobbles, conglomerate

Hard rock

Soft mud and other

Consolidatedediments,

Vibracores saturated, hard rock
unconsolidated or
benthic sediments
Fill, soil, most Cobbles, boulders, hard
Hand Auger sediments rock Limited depth
Sonic Fill, soil, sediments| Cobbles, boulders, haf Heat generated from drillin

cobbles, consolidated (¢
cemented strata

rock, or cobbles

mayvolatilize contaminants
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IV. SOIL VAPOR SAMPLING

The following guidelines are for conducting soil vapor sampling in San Diego County. The
references used to develop these guidelines are presented in Appendix I.II.LE. Other vapor survey
standardge.g.DTSC)may be applicable for a particular application. For cases under DEH
jurisdiction, a work plan must be submitted and approved prior to initiation of fieldwork in
accordance with Section 6 of this document.

A. Field Data Collection
This section does not provide guidance on indoor air sampling. For such guidance, the reader is

referred tahe DTSC vapor intrusion guidan@nd the ITRC vapor intrusion guidance
(www.itrcweb.org.

1. Introduction
Soil vapor surveys can be used for a number of purposes, including the following:

o Initial Site Screening where the objective is to assess if volatile organic chemicals
(VOCs) are present;

e Site Assessment/Characterizatiowhere the objective is to assdake source, extent, and
magnitude of impacted soil, groundwater and/or vapor;

¢ Risk Assessmentsvhere the objective is to assess the risk to public health; safety and the
environment;

e Remediation and PogRemediation Monitoring where the objective i®tassess
remediation progress or completion; and

¢ Ongoing Monitoringfor risk assessment, remediation monitoring, landfill gas
monitoring and background methane monitoring.

These guidelines provide information on the following:

¢ Acceptablemethods of sapie collection;

¢ Analysis methods

¢ Transient and other environmental factors that could affect the outcome of a vapor
survey;

e Vapor survey design for a variety of sites including petroleelisted sites, dry cleaners
and industrial facility sites, methane testing sites; and

e Documentation, including work plans, field notes and reporting.

2. Overview of Soil Vapor Survey Methods
Three principle methods exist for collecting soil vapor data:
e Active
e Passive

e Flux Chambers

Each method offers advantages and disadvantages that are briefly described below. The
design and protocols of a soil vapor survey program are dependent appijettives of the
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program, the types of contaminants anticipated to be present, and the site conditions. There
are a variety of sampling methods and equipment designs for collecting soil vapor samples
that can potentially yield different values.

Active The active approach consists of the withdrawal of an aliquot of soil vapor from the
subsurface, typically with a sampling probe, followed by analysis of the withdrawn vapor.
Analysis is often performed esite using a variety of analytical instrumen#sternatively,

soil vapor samples can be stored in-tigist containers and analyzed at ansifé laboratory.
The active method is quantitative and values are reporgastoncentration units (e.g.,

parts per million by volume [ppmv], micrograms fitar [ug/L] -vapor). This approach is

the most common soil vapor collection method for a number of reasons, including ease of
sample collection, opportunity for retiine data to direct further sampling, and the ability to
acquire quantitative measuren&n

Passive There are two basis kinds of passive sampling: qualitative and quantitative. Both
rely on passive adsorption of VOC vapors from soil over time, whitdtter quantified by a
laboratory and the mass adsorbed is proportional to the legehtdmination. If the uptake
rate has been experimentally measuredrapottedin a scientific publication, the mass
adsorbed can be used to calculate a concentration (i.e., guantitative passive sampling):
otherwise, the data are either qualitativeeaniquantitative, which can still be useful for
delineation, but will generally require verification prior to use in estimating exposure point
concentration for a risk assessment.

Flux Chambers Flux chambers consist of an enclosed chamber that is pladde surface
for a specific period of time. Vapor concentrations are measured in the chamber after a
period of time. This method is also quantitative and yields both concentration data in the
chamber and flux data (mass/ateae). Flux chambers arkd least common soil vapor
survey method, and are typically used only for-tisised applications when direct vapor
fluxes out of the subsurface are desired.

3. Procedures Which Influence Reported Soil Vapor Data

Soil gases can travel long distances ftbecontamination source and can potentially be
representative of the Agener al area of contami |
cautiously. Due to chemical specific characteristics, geologic conditions, and atmospheric

influences, soil gasurveys can provide misleading results. Reported soil vapor data can depend

greatly upon the collection protocols that are used to generate the data. For this reason, it is

important to understand the factors that may influence the reportedldtiégasection presents a

description of a number of various factors that influence the reported data for dggergiing

methods.
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a. Active Soil Vapor Surveys

Active Soil Gas Collection Methods

1.1 Probe Installation

Prior to installing soil gas probes care must be taken to Ipogatialsubsurface structures
of featuressuch asuriedpipes tanks and electrical lines.

Two techniques are most commonly used to install soil gas probes:

(1) Insertion of a hard rod (pbe) to a target depth, collection of soil gas through the rod
while it is in the ground and subsequent removal of the rod (Figure 1). This method is
commonly referred to as the prelm method or sometimes as the temporary probe
method (since thprobe pdsare temporarily in the ground).

(2)Burial of an inert pipe or tube (typically
sampling of the soil gas. Tubing can be buried in holes created with hand driven rods,
directpush systems, haraligers, or drill rigs (Figure 2). This methodéserred to by
several names such as soil vapor monitoring wells, soil gas implantspsemnanent
method (if the tubes are removed after a short period of time) or permanent probe
method (if the tubing is left in the ground for a longer period of time).

Both methods have been shown to give reliable, reproducible data (DiGiulio et. al., 2006).
The choice of which method to use should depend upon the site, access, and the project goals.
Typically, sampling through the probe rod is faster and less likeflisturb the irsitu soil

gas, especially for small -dccegsnaecbsea haddverds ( <O0.
probe may be all that is applicable. For deeper depths, probes inserted bpudilestethods

are more convenient. If the probed metlods are used, samples should be collected through
smaltdiameter inert tubing that runs down the probe rod so the sample does not contact the
inside of the probe rod.

For repeated sampling or in low permeability soils, burial of soil gas implants offers
advantages (Figure 2). Multiple tubes can be buried in the same hole and are commonly
referred to as nested, muitepth vapor wells (Figure 3Please note, the shallow probes (3
feet of shallower) should be placed in a separate adjacent hole from {her geebes.
Section 5.3.2 contains an SOP for constructing nested vapor wells.

For both methods, a competent surface seal shouidstaled toprevent ambient air from
infiltrating into the soil gas samptarough the insertion holespecially at shiaw sampling
depths (8 feetbgs or below foundation). Detailed protocols for both methods can be found
in the standard operating procedures listed in 85.3, iIRUSEPA (2003), APl (2005),
DiGiulio et al. 2006, and USEPA (2007).

Sample Tubing TypeThreestudies have been done to evaluate different types of tubing. Air
Toxics (Hayes et. al, 2006) conducted tests of three tubing types @efiglon, PEEK) that

showed little difference in the tubing type. Ldswel blanks were detected in nylon, but the
values were far below required sgas riskbased screening levels. An earlier study

presented at a conference in 2004 (Ouellette, 2004) compared the adsorption of a hydrocarbon
standard by five tubing types (Teft®nnylon, polyethylene, vinyl and fléxde tygon).

Nylon and Teflo® showed insignificant losses (<10%), but the others showed higher losses,
especially the flexible tubing, where losses were up to 80 percent. The EPA (2008) tested 5
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types of tubing (Teflo®, nylon, PEEK, polyethylene, & stdess steel). All gave similar
results except for polyethylene which was consistently lower.

Polyethylene and flexible tubing.¢e tygon) should be avoided. For rigiehll tubing, in
practice, the type of tubing is not nearly as important as whenibing is stored and how it

is handled. Any type of tubinganbecome contaminated and contribute to false positives if it
is stored in the back of a truck unsealed or near the truck exhaust.

Sample SpacingThe selection of sampling locations is strongly dependent upon the
objectives of the program and the need for adequate coverage. Predetermined and widely
spaced grid patterns are most commonly used for reconnaissance work, while closely
spaced, irregulaylsituated locations are commonly used for covering specific source

areas. Guidelines on sample spacing for various applications are summarized in Section
5.IV.A.5. of this guidance.

Collection Depth:Collection depths should be chosen to maximize theabs of detecting
contamination, yet minimize the effects due to vapor movement, changes in barometric
pressure, and surface temperature, or breakthrough of atmospheric air from the surface (refer
to Section 5.1V.A.4 for further discussion of these fagjtoin general, the effects due to

these processes are considered to be minimized at @ejuttsfeebelow the ground surface
(bgs)or building foundation. However, some processes such as bioattenuation, oxygen
replenishment, and stdiructure flushingvill occur primarily in the upper few feet of the
vadose zone, so sampling in this zone should not necessarily be precluded. If soil gas data
from depths less thaf feetbgs or below the foundation are collected, additional sampling
events may be approate to ensure representative values, especially if the measured values
yield risks that are near acceptable levels. In such cases, burial of permanent vapor tubes is
advised. Guidelines on collection depth for various applications are summarizedtiorse
5.IV.A5.

Purge Volume:The sample collection equipment used for active soil vapor surveys has
an internal volume that is filled with air or some other inert gas prior to insertion into the
ground. This internal volume, often called the dead volume, must be completely purged
and filled with soil vapor to ensure that a representative soil vapor sample is collected.

If soil gas implants are installexthd probes are sampled the same day as instal&t®mir
volume of the sand pack should also be included in the total systame

Different opinions exist on the optimum amount of vapor to be purged. Several published
studies are now out that compare @ik concentrations collected with purge volumes
ranging from 0.5 L to 100 L (DiGiulio et. al, 2006; McAlary & Creamed0@, USEPA
2007). The results of these studies, done in relatively cgaagseed soils, show no significant
difference in concentrations. However, in figgained soils, large volumes are often not
possible or difficult to collect. If larger sample volasnare attempted, the potential for leaks
around fittings increasemd the samples can be less representative.

Since soil vapor data are often interpreted in a relative fashion, it is important that the
purge volumébe consistent for all samples colledtéom the same site.

While it is important to collect enough vapor to purge the system, collecting too much
vapor can also have drawbacks. The larger the quantity of soil vapor withdrawn, the
greater the uncertainty in the location of the collected kgrapd in turn, the greater the
potential that atmospheric air might have been drawn down the outside of the probe body.
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In addition, large purge volumes can create vacuum conditions that cause contaminant
partitioning from the soil into the gas phaséijah is not representative of in situ soil

vapor conditions. Thus, sampling equipment with small internal dead volumes offers
advantages over systems with larger dead volumes because the former systems require
significantly less vapor to be withdrawn whaurging the system.

At a minimum, enough vapor should be withdrawn prior to sample collection to purge the
probe and collection system of all ambient air or purge gas (1 purge volume). One to three
total system purge volumes are recommended as a mindeiault value.

Sample Flow Rate & Applied VacuunMany US agencies and DTSC have put a limit on
sample flow rate (typically <200 ml/min) because they are concerned that excessive flow
might create turbulent flow at the probe tip and influence thegasitoncentrations. The
USEPA (USEPA 2007) actually measured-g@is concentrations over different flow rates
ranging from 100 ml/min to 5000 ml/min in soil gas probes. There was no significant
difference in measured soil gas concentration. This suggastethelatively coarsgrained
soils, flow rate does not appear to be an important variable egasodoncentrations.

Higher vacuums increase the potential for leaks in the sampling system and for potential
desorption of COCs off the soil. Most US agies & DTSC are requiring applied vacuums at
the probe to be less than 10 inches of Algqualitative method to quickly estimate if there is
little permeability and too much vaccum is likely to be applied is to hook up a 20cc to 50cc
gastight, plastic syinge to the probe and pull on the plunder. If the plunger is hard to pull
(compare to pulling outside air) or if the plunger is pulled back towards the probe after
released, then there is likely too little permeability to get an uncompromised sample.

Equilibration Time: When probes are installed, thesitu soil gas can be displaced and a
period of timeis required for the soil gas to-egjuilibrate. A recentd SEPA study(need
referencehowed the following equilibration times were required:

e Sampling through probe rod installed by hand: 30 minutes
¢ Sampling through probe rod installed with direct push methods: 1 hour
e For probes where tubes are buried in a sandpack in the ground: 8 hours

If rotary drilling or percussion methods are used to aogthe tubes, or if air knifes are used
to clear the sample locations, longer periods of time are required for the sand pack to
equilibrate with the soil gas. To determine the equilibration time, a test of concentration vs.
time can be used to determinbem values stabilize. Another method is to purge the soil gas
and monitor the soil gas concentration with a portable meter. When the concentrations
stabilize, equilibrium is assumed and a sarople becollected for analysis.

Probe SealsFor collectionsystems with large purge volumes or designed to collect large
sample volumes, it is often necessary to seal the probe at the surface. Seals may also be
necessary for small volume systems if the soils are extremely porous and the sampling
depth close to #hsurface (less than 3 feet). Most common sealing techniques are to pack
the upper contact of the probe and the soil with grout or to use an inflatable seal.

Testing for Leaks To ensure that valid soil gas samples are collected with no
breakthrough bair down the probe rod or through leaks in the sampling train, a tracer
compound can be applied at the base of the probe rod or at the top of the buried probe
tubing where it contacts the surface and near all connections in the sampling train. Seal
integrity is then confirmed by analyzing collected soil gas samples for the applied tracer
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compound. . Common tracer compounds are gases (e.g., helium, carbon dioxide, SF6,
butane) or liquids (freons, isopropanol, hexane). With both methods, an enclosure/
shroud is placed over the probe at the surface, the compound is introduced into the
shroud, the concentration in the shroud is measured, and the concentration in the
collected soil gas sample is measured. If the tracer compound concentration in the soll
gas sample is less than 15% of the concentration of the tracer compound measured in the
shroud, the sample is considered l&ae.

The concentration in the shroud and soil gas sample can be measured with portable
meters (He, CO2, etc.), or with an-site lab, or with an ofsite lab. Measuring the
tracer compound esite is recommended since it gives the ability to recognize a
compromised sample in retine and recollected the sample, rather than finding out the
sample was compromised after you lethafield.

An alternative method to the shroud method is to apply liquid tracers using paper towels
or clean rags. The tracers are easily and quickly supplied at multiple locations (probe,
sampling rod, and sampling train) simultaneously.. This mathpdrticularly more

suited for sampling through the probe rod since it can be easily applied at the base and
top of the rod. However, since the starting concentration under the towel or rag is
typically not known, an arbitrary maximum value of 10 ugflithe tracer compound in

the collected soil gas sample is considered as thdieakhreshold (assuming the tracer
compound was at ités vapor pressure below t
of a leak). Values this low can not be easily meagwith portable meters so analysis is
either done with a mobile laboratory or by angife lab. Another disadvantage of this
approach is that small leaks (as low asu§.) can cause a lab to raise their detection
levels depending on the tracer compd used, especially if the toxic organic (TO)

methods are being used.

Leak Testing the Sampling Train. The sampling train should be tested for leaks by
applying a vacuum on to the system from the top of the probe to the location of the
sampling containe. The applied vacuum should hold steady for at least 60 seconds.
Alternatively, the sampling train can be put under the sample shroud containing tracer
leak compound during sample collection as described previously.

Probe DecontaminationAll externalparts should be wiped clean and washed as
necessary to remove any soil or contaminant films. The internal vapor pathway should
be purged with a minimum of five volumes of air or an inert gas, or replaced, or washed
if contamination or water is presenttive probe. Probes fitted with internal tubing offer
advantages because the internal tubing can simply be replaced.

Systems with Vacuum PumpSoil vapor samples from collection systems employing
vacuum pumps should be collected on the intake side giuting to prevent potential
contamination from the pump. Further, because the pressure on the intake side of the
pump is below atmospheric, soil vapor samples must be collected with appropriate
collection devices, such as gaght syringes and valves, togure that the samples are

not diluted by outside air.

Sample Containers & Storage of Sampl&¥hile onsite analysis is advantageous to
ensure sample integrity, soil vapor samples can be collected and analygi¢el. offo
minimize potential effects on the sample integrity, it is recommended that:
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e Do not chill samples during storage ac@mmon with soil and water samples.

The temperature should not be lower thag40unl ess ambi ent t

bel ow 40e¢.
e Samples and sample storage should not be left in the direct sunlight.

e For petroleurrhydrocarbons (aliphatics and aromatics)d amiogenic gases
(methane, carbon dioxide and oxygen), allowable containers include tedlar bags,
gas tight vials (glass or stainless steel), polished or passivated steel canisters
(Summa), and adsorbant tub&ecommended aximum s$orage time in tedlar
bags is approximately 2 to 3 days. Storage time in canisters is 14 to 30 days
depending upon the COQf samples are going to be shipped, do not fill a tedlar
bag more than 2/3 full.

e For halogenated compounds (e.g., TCE, TCA, PCE), allowable containers
include tedlar bags, gas tight vials (glass or stainless steel), polished or passivated

steel canisters (Summa), and adsorbant tubes. Storage time in tedlar bags is

compound specific but is typically 3 or more days for most of the common
halogenated compousdTCE, TCA, PCE)Recommended aximum s$orage
time in canisters is 14 to 3lays depending upon the COC.

e For samples collected on adsorbastsrage times may be up to 15 days after
sample collection depending upon the adsorbant used and COC.

Colledion of Soil Vapor Samples with Summa CanisteBecause Summa Canisters
generally are large volume containetdd 6 liters) under high vacuum, extra care should
be exercised during sample collection to ensure that air from the surface is not being
inadwertently sampled or that desorption of contaminants from the soil does not take
place. To minimize the potential of surface breakthrough, seals around the probe rod at
the surface should exist. To minimize the potential desorption of contaminants érom th
soil, Summa Canisters shouldtween 500 to 1000 ml in size and shdédilled at a

rate less than Bliters (200 cc)per minute.

Passive Soil Vapor Surveys

Sample SpacingThe selection of sampling locations for passive sampling is based upon
the same considerations as active soil vapor methods: program objectives and the need
for adequate coverage. Predetermined and widely spaced grid patterns are most
commonly used for r@mnaissance work, while closely spaced, irregularly situated
locations are commonly used for covering specific source areas. Guidelines on sample
spacing for various applications are summarized in Section 5.IV.A.5.

Collection Depth Passive surveys arearly always conducted by burying the collector
close to the surface (6 inches to 3 feet). This protocol was developed not for technical
reasons, but for convenience in deploying and retrieving the collector. Ideally, similar to
active surveys, collectsrshould be deployed as close to the suspected contamination
source as practically possible to minimize the effects of vapor movement. In addition,
collectors buried within a couple feet of the surface will be very susceptible to air
infiltration due to banges in barometric pressure and surface temperature. If the outside
air is contaminated, for example at an active gasoline station or inside of an active dry
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cleaning operation, the passive collectors could conceivably adsorb more contamination
from infiltration of the surface air than from subsurface contamination. In this situation,
it is advisable to bury the collector to deeper depths (greater than 3 feet).

Exposure Period As with collection depth, the exposure period for passive collectors is
generally selected more for convenience factors than for technical reasons. The key
assumption that ismiadewhen interpreting passive soil vapor data is that each collector is
expo®d to the same quantity of soil vapor. Thus, passive collectors are typically
deployed for the same period of time on a site or the data is normalized based upon the
exposure time. Typical exposure times are a few datysaaveeks.

In practice, thexposure period for a passive collector should depend upon the
concentration of the contaminant of interest and desired detection levels. In areas of
suspected high concentration, collectors can be left in the ground for shorter periods (1 to
5 days). Imareas of suspected low concentrations, collectors are often left in the ground
for two or more weeks. For areas of unknown concentration, the optimum approach is to
determine the deployment time by burying a number of collectors in the same location
and neasuring them over a period of time.

Method Blanks Since the passive soil vapor method does not enablémeatiata,

analysis of blanks is extremely important to verify that detected contamination was not
from another source, such as the passive ¢oléself or handling and storage during
transport from the site to the laboratory. The only way to evaluate this possibility is to
include a method blank and trip blank as part of the sample batch. A method blank
consists of an unused collector pickddandom from the collector batch. A trip blank is

an unused collector that is kept sealed, and accompanies the other collectors to and from
the site and to the laboratory for analysis.

Surface Flux Chamber Surveys

Sample SpacingThe primary motiveof flux chamber surveys is to measure the upward

flux of vapor out of the ground or into a room for rFsksed purposes. A minimum of

three chambers should be deployed in the room or on the ground surface to provide
representation of the area of interastl to demonstrate reproducibility. Chambers

should preferably be located in areas where surface features suggest possible conduits to
the subsurface (e.g., cracks, drains, electrical conduits, etc.). At least one chamber should
be deployed in the ared anticipatednaximum subsurface contaminant concentraifon
identified from a previous subsurface investigation.

Insertion Depth or SeatsValid measurements require that the bottom of the chamber be
sealed from exchange with atmospheric air. Ohsswfaces, chambers are either

inserted into the ground to a depth of one or more inches or the chamber flange covered
with native soil or sealant. On finished surfaces such as floors, an airtight seal must be
made between the chamber bottom and thasertypically using a gasket or sealant.

Covers Reflective coverings are sometimes necessary in outside locations to protect
against temperature extremes that could create advective flow. Opaque coverings are
required to minimize the potential of pbalestruction of compounds.

Exposure Period Chambers should be deployed for a minimum of eight (8) hours, with
the exposure period during normal occupancy conditions. Longer exposure times, on the
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order of 24 hours, are preferred since they give aittegrated result that is more
representative of the actual flux into a surface enclosure.

Number of Samples per Exposure Periodollection and analysis of multiple samples
from a chamber at regular intervals over the deployment period (e.g., every 4 hours) is
advised since it allows estimates of precisallows identification ofspurious
measurements, amtlowsany variabilityin the measured fluxes to be detected.

Sample Containers & Storage of Sampld®eferto Section 5.IV.A.3.a for a description
of applicable containers and storage considerations.

4. Temporal Variations and Other Environmental Effects

There have beenraumber of recent studies on the temporal variation of soil gas concentrations
due to common meteorological parameters (Luo et. al., 2006; USEPA 2007;). The results of these
studies show that variations in soil gas concentrations at defeghtbgs or deper due to

temperature changes, barometric pressure, and wind speed are typically less than a factor of 2).
Seasonal variations in cold climates are generally less than a factor of 5. Concentration variations
will be greater the closer the samples arii¢osurface. For shallower sampling depth? feel),

larger variations can be expected in areas of greater temperature variation and during heavy
periods of precipitation.

a. Temperature

Effects on soil gas concentrations due to actual changes iradoser zone temperature are

minimal (USEPA 2007). For stiioundation soil gas samples, the concentrations may be
affected by changes in an overlying buil dingt¢
Ventilation and AirConditioning (HVAC) system ding the hot summers creating advective

flow beneath the foundations.

Seasonal temperature variations are also minimal in southern California, and except for
special environments such as the demedtthe mountaingre unlikely to create a significant
effect on soil vapor concentrations in the vadose zone.

b. Barometric Pressure

Changes in barometric pressure can lead to a pressure gradient between the soil vapor and
atmosphere creating a flow of soil vapors out of the vadose zone during baromedric low

and into the vadose zone during barometric highs. The potential effects decrease with
increasing sampling depth Recentpublished studies have shown that variations in soil gas
concentrations due to barometric pressure are insignificBEPAEPA/60/R-07/14],

December 2007

d. Precipitation (Rainfall)

Infiltration from rainfall can potentially impact soil vapasrecentrations by displacing

soil wvapor, dissolving volatile organic con
vapor. In practice, infiltration from large storms only penetrates into the soil on the order

of inches. Hence soil vapor samples collected at depths greaterfdetrb@s are

unlikely to be significantly affected. Soil vapor samples collected closer to the surface (less

than 3 feetwithout surface covanay be affectedIf the wetting fronthas penetrated to the
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sampling zone, it typically can be recognizedificulty in collecting soil gas samples. If
high vacuum readings are encountessn collecting a sample, or drops of moisture are
evident in the sampling system or sanmgoil gas sample should not be collected
Measurement of % moisture of the soiy also be usefifl shallow sampling is performed
during or shortly after significant rainfak .g.,greater than inch).

Soil gas concentrations have been shown to change drastically during periods of extreme
precipitation creating a rise in the t®atable with contaminated water or by creating a clean
water lens that prohibits oxygen transport from the atmosphere into the vadoselaone.
general, soil vapor sampling should be completed greater than one week following any
significant rainfall even

Soil Vapor Survey Design For Specific Types of Sites

This section gives specific guidelines tesigning soil vapor surveys foommon types of
sites.

a. Petroleum Related Sites, Including Underground Storage Tanks
(1) Chemical Specific/Analytal Considerations

Because petroleum products, such as gasoline and diesel, are complex mixtures
containing a wide variety of different hydrocarbons, the appropriate analytical
measurements depend upon the product type as follows:

e Aromatics (BTEX)and naphthalendlethod 8260TO-15, or TO17.

e MTBE and Oxygenates: &thod826Q TO-15, or TO17

e Methane: The use of gas chromatography method with a flame detector, such as
8015 modified.

e Carbon DioxideOxygenarnd Nitrogen The use of gas chromatograp(®C)
method with a thermal conductivity detector, such as ASTM Method-2645
PortableGC meters, if calibrated correctly on day of use, are also allowed for
these compounds.

e PAHSs: Due to low vapor pressures, these compsgadnot be detected by
active soil gas methods (except for naphthalene) and only the lightest ones can be
detected by passive soil gas methods.

(2) Site Assessment/Characterization Applications

Certain components of an UST system are more likelyatbtlian others. For
example, the tops of USTs where bungholes or man ways are present, seams in the
UST, seamsn asphalt or concrete surfacemd elbows in the piping runs, and
dispensers are typical sources of leaks. In addition, the base of thpittamd
associated piping can often be source zones due to the pooling of leaked substances.
The sampling program should cover the most likely sources.

Soil Vapor Method The active soil vapor method is most typically employed. The

passive soil vapor miedbd can also be used, especially in locations with limited
access and at sites where relatively low concentrations of VOCs are expected.
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Sample Location & SpacingThe sampling grid spacing should be sufficiently small
to encounter areas of former USPwing, dispensers, etc. and any areas of gross
contamination. When historical data regarding the layout of a UST system are
unavailable, a useful strategy is to collect samples in a grid pattern. For a typical
service station, a grid spacing of ~50 fieety bereasonable. For more detailed site
assessment/characterization, a sample spacing of 10 to 20 feet is reasonable in the
source area.

Collection Depth Soil vapor samples are typically collected from 5 to 15 feet bgs to
assess surface and USTeades. The chosen depth will be dependent upon the
suspected source and what is being assessed: soil and/or groundwater. To assess the
vertical extent of contamination, collect samples every 5 feet to 10 feet depending
upon the depth to groundwater a tbcation of highest concentratidrypically

sample depths shallower than 5 fedt be evaluated on a catg-case basis

Health Risk Assessment Program Design

Soil Vapor Method The active method is most commonly used. Passive soil vapor
methals are not applicable since they are-goantitative. Permanent
probes/implants offer the advantage of assessing transient effects that could affect
contaminant vapor flux rates. Surface flux chambers may also be used.

Sample Location & Spacing Enoudh samples should be collected to allow a
representative estimate of the average flux to the base of the existing or future
structure. At a minimum, samples should be collected at the location of highest
vadose zone contamination near or under the steuanat at each corner of the
structure (inside if possible, immediately outside if not).

Collection Depth For active soil vapor programs, samples should initially be
collected from 5 feet bgsnless there is reason to suspect shallower contamination.
If the calculated risk exceeds allowable levels, a vertical profile of the soil vapor at
shallower depths may be appropriate. Samples from shallower depths are more
subject to infiltration of sdace air and variability due to transient effects. If soil
vapor data from depths less tHafeet bgs are collected, additional sampling events
may be appropriate to ensure representative values.

Sample Frequency Typically, one to tweampling eventfollowing installation of
the probes are sufficient to assess the risk pathwagome situations additional
samping events may be appropriafe.g, for shallow sampling depths

Use of Tracers and Measurement of the Tracer, Oxygen and Carbon Diidd

Soil Gas All samples collected from a depth of 5 feet or shallsheuldhave a
tracer applied at the surface to verify that there is a good annular seal. In addition,
both oxygen and chon dioxideshouldbe measured to provide an indication of
aerobic/anaerobic conditions.

(4) PostRemediation Assessment & Contaminant Monitoring

SAM Manual

Sample spacing and collection depth will be dependent upon the objective of the
monitoring and upon the size of the remedmatoea. For risk assessment and
remediation monitoring, use the respective protocols described previously, but using
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semipermanent probes/implants that are sampled multiple times over the course of
the project.

(5) Special Considerations for Fuel Sites

Vapor Leaks Subsurface vapor leaks are possible from USTs and piping associated
with them (vent pipes, pipe joints, vapor recovery lines, and tank bungs). Such leaks
can create situations with no corresponding detectable soil contamination. Soil vapor
located near or at the leakaycontain concentrations of these compourfsil

vapor further from the source may contain only some of these compounds due to
differences in their physical properties.

Potential Impact of Vapor Contamination on Groundwex: Leaking gasoline

vapors from a UST are a likely contaminant pathway to groundwater for both MTBE
and ethanol due to their high concentrations in the tank vapor and extremely low

H e n rLawicenstants. In contrast, leaking gasoline vapors are arelynlik

contaminant pathway to groundwater for the aromatics due to their lower
concentrations in the tLavedastanta ploerpotentiald mo d e
importance of this contaminant pathway increases with decreasing groundwater depth
and is partialarly acute in locations where the water table is near or above the UST
and where the vadose zone is dry. Sampling programs assessing this contaminant
pathway should focus on the collection of soil vapor samples vertically through the
vadose zone at relgu intervals down to groundwater. The concentration profile

down to groundwater and concentration at the groundwater interface may enable an
estimate of the importance of this pathway.

b. Dry Cleaners & Industrial Facilities with Non-Petroleum VOCs

At industrial facilities, a variety of contaminants, conditions, and potential sources can
exist. Many industrial sites contain above ground solvent sources, such as degreasers,
clarifiers, storage tanks, ink presses, spray booths, which can leak intaltise zone.
Subsurface sources can include leakage from drains, sumps, pipelines and manufacturing
lines. Consequently, a soil vapor survey at an industrial facility should be performed

only after acomprehensive historical site review anharough #e reconnaissance V&

been performed to establish the potential sources and types of contamination. At dry
cleanes sites, soil vapor contamination commonly exists under the washgandisolil
contamination with corresponding soil vapor contaminatmmmonly exists near liquid
release sources such as sumps, drains, storage areas, and other disposal areas.

Vapor Clouds Due to their high vapor pressures and high vapor densities, vapors
may emanate from containers or pipes holding gaseous or liquid chlorinated
compounds, collect on the floor, penetrate through the slab, and create a zone of
contaminated vapor in the vasizone. Such leaks can create soil vapor
contamination with no corresponding detectable soil contamination. Such vapor
clouds are commonly found under the washer unit at dry cleaners, under vapor
degreasers, and in other above ground confined spadasnaag solvents.

Potential Impact of Vapor Contamination on GroundwateDue to their relatively

|l ow Henryb6s Law constants, the potenti al
significantly impact groundwater is low, except in cases of very high apdrv
concentrations (typically greater than 10§/L-vapor at the groundwater interface)
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or in the presence of contaminated soil. Sampling programs assessing this
contaminant pathway should focus on the collection of soil vapor samples vertically
throughthe vadose zone down to groundwater. The concentration profile down to
groundwater and concentration at the groundwater interface will enable an estimate
of the importance of this contaminant pathway.

ChemicalSpecific/Analytical Considerations

Chanmicals associated with industrial facilities vary depending upon the type of
facility, but typically include chlorinated solvents and degreasers, such as methylene
chloride, TCA, TCEPCE, acetone, and methyl ethyl ketone. Not all compounds at a
facility may be detectable by soil vapor methods depending upon their vapor
pressures. At dry clearssites, the primary compound is PCE and its breakdown
productgadulterantsvinyl chloride, dichloroethylene (cis & trans 1,2 DCE), and

TCE. For quantitative pgrvams, theappropriateanalytical methoslare8021,8260Q

TO-15, or TG17. The detection limits, calibration procedures, and other QA/QC
criteria should meet the requirements presented in Section 5.1V.B.

Site Assessment/Characterization Applications

Soil Vapor Method The active soil vapor method is most typically employed. The
passive soil vapor miedd can also be used for sitearacterizationf large areas to
isolatesmallerareas for active soil vapor sampling.

Sample Location, Spacing, ®epth A soil vapor survey performed as part of a site
assessment and characterization would ideally be performed in a phased approach,
starting with a wide spacing between sampling points (50 feet to 100 feet) to obtain
an overall assessment of the ¢énd offsite if necessary) then focusing the

sampling in areas of higher contamination to better define its limits (10 feet to 25
feet). Vapor samples should be collected from all potential source areas. Initial
sampling depths should be determinedh®ytype of release anticipated:

e Surface and near surface releases: 3 to 5 feet bgs

o Deep releases (e.g., tanks, pipelines): at bottom of tank or pipeline.

e To assess the vertical extent of contamination, collect samples every 5 feet to 10
feet depending upon the depth to groundwater at the location of highest
concentration.

Health Risk Assessment

The collection method, sample location, sample spaaimgjcollection depth criteria

are the same as described for fuel sites, with the following exception. For health risk
assessments at adjoining rooms/businesses to a dry slaatieg soil gas samples
should also be collectegither within 1 foot of the base of the slatr subslalio test

for the presence of higher soil vapor concentrations caused by preferential transport
at the bottom of the slab. Procedures used to collect samples at this shallow depth
should ensure that no ambient air is collected.

Sample Frequency Typically, two to three sampling events following installation of

the probes are sufficient to assess the risk pathway. In some situations additional
sampling events may be appropriéey., for shallow sampling depths).
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Use ofTracers and Measurement of the Tracer, Oxygen and Carbon Dioxide is
Soil Gas All samples collected from a depth of 5 feet or shallower should have a
tracer applied at the surface to verify that there is a good annular seal. In addition,
both oxygen andarbon dioxide should be measured to provide an indication of
aerobic/anaerobic conditions.

PostRemediation Assessment & Contaminant Monitoring

Sample spacing and collection depth will be dependent upon the objective of the
monitoring and upon théze of the remediation area. For risk assessment and
remediation monitoring, use the respective protocols described previously, but using
semipermanent probes/implants that are sampled multiple times over the course of
the project.

c. Methane Testing

Chemical Specific/Analytical Considerations

Methane is a colorless, odorless gas existing naturally in atmospheric air at a
concentration of approximately 2 to 3 ppmiis commonly formed in the

subsurface from the anaerobic breakdown of organic matter and can reach
concentrations in the soil gas exceeding 50% in areas with abundant sources of
organic carbon. Sources for methane generation include landfills, svaachb®gs,
petroleum reservoirs (0il & gas), farmlands, and areas contaminated by organic
matter sources (sewage, petroleum spills, etc.). Methane may also originate from
non-biogenic, thermal origins, such as from volcanic sources. Because petroleum
reservoirs arainknownin San Diego County, the most likely sources of high
methane on a site will be from the degradation of organic matter or from a leak from
an existing methaner natural gas line. In areas of known volcanic rocks or thermal
activity (eg., Jacumba), thermogenic sources of methane may contribute. If natural
gas lines exist on a site, the logascompany (SDGE) will send personnel to test for
leaks.

Analysis MethodsMethane is most commonly measured with either a flame

ionization deector (FID) or thermal conductivity detector (TCD). FIDs are
approximately 10,000 times more sensitive than a TCD and can detect methane in the
low parts per million range. TCDs typically measure methane at concentrations
exceeding 1 part per thousamgidater than ,000 ppmv). Both portable and
laboratorygrade instruments exist with these detectors. For applications where
guantitative results are desired, the analytical methodology employed is typically gas
chromatography (GC). A variety of gas cmatographic methods using the FID &

TCD have been developed by the petroleum industry and may be used. EPA Method
8015 modified for methane may also be used. Regardless of the actual analytical
method used, the detection limits, calibration procedurespther QA/QC criteria

should meet the requirements presented in Section 5.1V.B.

Soil Vapor Method Active soil vapor surveys and flux chamber surveys are
applicable to methane investigations. Passive soil vapor surveys are not used for
methane investations since methane is not quantitatively absorbed on the passive
collector.
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Site Assessment/Characterization

Sample spacingThe selection of sampling points is strongly dependent upon the
need for adequate coverage and budget. General grdrzattith 50 feet to 100
feet centers are typical for reconnaissance work, while closer spaced, irregularly
situated locations (10 feet to 50 feet) are commonly used for covering potential
source areas.

Collection depth A nominal collection depth of far (5) feet bgs is generally

considered to maximize the chances of detecting contamination yet minimizing the
effects due to changes in barometric pressure, temperature, or breakthrough from the
surface. Methane is generated under anaerobic conditiored) typically exist at

deeper depths in the vadose zone. For source determination, samples should be
collected at various depths at the same location to determine the depth of the methane
source.

Health Risk Assessment (Upward Vapor Migration)

Potential Risk: The principal health and safety risk posed by methane is the risk of
explosion due to concentration builg in confined spaces such as underground
public utility structures (sewage lines, utility trenches & vaults) or above ground
structures.The lower explosive limit (LEL) for methane is 5% (50,000 ppniM)e
Countyof San Diegads concerned if concentrations exceeding 10% of the LEL
(5,000 ppmv) are detected in the shallow soil gas near existing or pdopose
aboveground structures.

SampleLocation & Spacing Enough samples should be collected to allow a
representative estimate of the average flux into the existing or future structure. For
commercial sites, a minimum of 4 locations, one on each corner of the footprint,
should be initiallycollected. For larger proposed residential developments, one
location per lot is sufficient initially. Additional locations on the footprint or lot are
advised if elevated levels (greater than 1,000 ppmv) are found. .

Collection depth:For active soivapor programs, samples should initially be

collected from 5 feet bgs. If significant levels (greater th@AA ppmv) are found at

this depth, collection of a sample closer to the surface (1 foot to 2 feet) at the same
location is advised to documentelievated levels approach the surface. It is also
advisable to do vertical profile sampling at deeper depths if significant levels are
detected to determine if there is a potential methane source zone below the proposed
structure.

PostDevelopment Assessmesrtd Contaminant Monitoring
For contaminated sites, monitoring of the methane levels immediately below existing

or proposed aboveground structures is advised. Refer to the existing County
ordinance for specific requirements.
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a. Workplan

A comprehensive woptan should be prepared and submiftadreview and approvdb

the lead agencprior to implementationRevisions to the work plan may be requested
prior to approval.lf the work is completed withd a workplan or prior to agency
involvement, additional investigation may be required to render regulatory decisions
related to adequacy of any health risk evaluation or regulatory closure.

The worlplan should provide sufficient details, description @& sconditions, and
identify project objectives so that the lead agency can fully evaluate the proposed work.
The work plan should reference the applicable section(s) of the SAM Manual or other
guidance documents, rather than restating existing technigdliges. The work plan
should contain the main sections, and address specific issues, pertaining to:

Health and safety

Purpose and scope of work planned

Background information (site history, existing analytical data, etc.)

Current site conditions, degping surface features and known buried structures

Site conceptual model

Description of proposed worke(g., sampling strategy and protocol, including

sampling technique and analytical methodolqmyrge rate, sampling frequency

o Description ofthe method to be used to evaluate the integrity of the vapor samples
including biogenic gas monitoringndtracertesting

e Schedule of proposed work

The type of equipment to be used and/or the contractor planned for the work should be
identified. The needed inforation in the work plan should be presented in a succinct and
accurate manner to facilitate the review process, using existing tabular data and clear
illustrations as deemed necessary. Existing analytical data should also be presented in
tabular form andfographically on maps.

Field Data

Data acquisition and good field notes are important to documergpstdafic conditions
observed and encountered during the actual vapor sampling and related field work. Such
information can/should be used poepare the written report and other work products
(e.g.,data tables, maps, etc. as described in Section 5c. below). Accurate and clear field
notes, maintained on special forms and work sheets, could be used to further assess site
conditions and the findgs of the vapor survey. The s#pecific types of information

that should be acquired in the field and documented include, but should not be limited to:
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Sampling locations (detailed map at an appropriate scale to illustrate the data points)
Sampling nethods and devices, including QA/QC procedures

Field equipment calibration, detection limits, quantification, and unusual conditions
Sample identification/designation

Date and time of sample collection

Identification of sampling personnel

Sampling deptliincluding obstructions encountered), or sampling height

Known or encountered stratigraphic/lithologic conditions, as applicable

Apparent soil moisture conditions encountered, as applicable

Weather conditions

Sample purge volumes

Volume of vapor sample ected

Analytical method(s)

Chain of custody records

Tracers and biogenic gas monitoring

t is recognized that some of the information may be documented/maintained by the
contractor (field technician) actually conducting the vapor sampling, if andeutsi
company is used. The field work should be supervised by an appropriately trained and
experienced professional.

c. Report Preparation

The components of the summary report should include the items listed in Section 4.VI of
this Manual. Some of the items may not be applicable to the particulasgsitéfic)

vapor survey to be performed. For example, information may not be available or

understood regarding the lithologic/stratigraphic conditions beneath the concrete slab
while conducting a building ventilation survey to assess potential volatile compounds

within the enclosed space.

B. Laboratory Analysis of Soil Gas Samples

This guideline is intended for use whenever soil gas samples are collected for the purpose of
conducing a health risk assessment for submittal to Site Assessment and Mitigation (SAM).
SAM will not accept a health risk assessment if the associated soil gas samples have not been
analyzed and reported in accordance with this guideline.

Volatile organic corpounds (VOCs) within the unsaturated zone partition into the adsorbed,
dissolved, free liquid, and vapor phases. Measurement of VOCs through an active soil gas
investigation is an accepted site assessment practice. In San Diego County, soil gas
concentrabns of contaminants, such as benzene, are accepted as input into the SAM Vapor Risk
2000 assessment model for evaluation of potential increased risk to human health from vapor
migration into buildings. The SAM Vapor Risk 2000 assessment model is desoritbe SAM

Manual in Section 6 and the SAM welpageat:

http://www.sdcounty.ca.gov/deh/water/sam_vapor risk assessment 2000.html

Since significant decisions are made based on the sdilagasollected at contaminated sites, it
is imperative that the soil gas data reported to this agency are consistently of high quality. The
following guideline will assist in producing resultstogh quality.
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1. Laboratory Analysis of Soil Gas Samples
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a.

Primary Target Compounds

Group A - Fuels Target Compounds

Benzene Tertamyl methyl ether (TAME)

Toluene Ethyl tertiary butyl ether (ETBE)

Xylenes Tertiary butyl alcohol (TBA)

Ethylbenzene Tetrachloroethene added as indicator compo

Methyl tertiary butyl ether (MTBE) Trichloroethene added as indicator compoun

Di-isopropyl ether (DIPE)

Group B - Volatile Halogenated Hydrocarbon Target Compounds

Chloroform 1,1,k Trichloroethane

1,1-Dichloroethane 1,1,2Trichloroethane

1,2-Dichloroethane Trichloroethene (TCE)
1,1-Dichloroethene Vinyl chloride

Cis-1,2-Dichloroethene Trichlorofluoromethane (Freon 11)
Trans1,2-Dichloroethene Dichlorodifluoromethane (Freol?)
Dichloromethane (methylene chloridg 1,1,2Trichloro-trifluoroethane (Freon 113)
Tetrachloroethene (PCE) Naphthalene

Group C - Combined Group Target Compounds

All compounds in Groups A & B

Methane

Deviation from these Target Compound Groosy be allowed with prior
consultation and approval of ti8AM project manager.

Other Target Compounds
Analyze for other VOCs based upon site history and conditions.
ReportingLimit (RL)

If the SAM vapor risk model is used, the following DLs are appropriate for the target
compounds listed.

Compound Detection Limit
Benzene 0.1 pg/kvapor
Toluene, Ethylbenzene, and Xylenes 1 pg/l-vapor
MTBE, TAME, DIPE, and ETBE 1 pg/kvapor
TBA 10 ug/l-vapor
VOCs (except vinyl chloride) 1 pg/kvapor
Vinyl chloride 0.05 pg/tvapor
Methane 10 ppmv

Note: hese DLs are based on a sample collected at a depth of 1 foot below the interior
floor slab of a structureDetermination of sitespecific detection levels is allowed but it
must be documented how they were determiridigher DLs may be applicable when
samples are collected giteaer depths.Lower DLs may be necessary for a risk
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assessment if another model is used or ifdab soil gas samples are collectdd. all

cases, the DLs must clearly be below the concentration at which the risk is at, or below
the one in one million health risk level. DLs in excess of this threshajdrequire
additional testing.

Analytical Methods

Allowable methods arEPA Methodd021, 8260, TEL5, TG17 and for SVOCs, any of
the applicable NIOSH or Toxi©rganic (TO) sorbent methods for the compounds of
interest. Refer to Table B2.

Identification of Calibration Standards and Laboratory Control Sample (LCS)
(1) Properly and clearly identify all calibration standards and the LCS.

(2) Prepare the LCS from a standard that is totally independent from the standards used
for the initial calibration. A totally independent source means a different supplier
(whenever possible) or a different lot from the same suppNete: an LCS is also
required for method TQ5.

Gas Chromatography (GC) and Mass Spectrometry (MS)

(1) Use a type of column that can separate all the target compounds. Coelution of the
target compounds is not acceptable unless the compounds are distinguished and
guantified by two different types of detectors in use at that time. For MS detection,
resdution of all compounds is not required.

(2) Analyze the initial calibration and daily mjabint calibration check standards, LCS,
blank, and samples using the same GC conditions (or e.g., detector, temperature
program, etc.).

(3) Use a GC runtine that is long enough to identify and quantify all the target
compounds.

Initial Calibration
The initial calibration must be recorded in Tablg.5
(1) Perform an initial calibration:

for all compounds listed in Group A, or B, ©rin Section 5.IV.B.1.a;

when the GC column type is changed;

when the GC operating conditions have changed; and

when the daily miepoint calibration check cannot meet the requirement in
Section 5.1V.B.1.h.(3).

(2) Include at leadfive different concentrations of the standard in the initial calibration,
with the lowest one not exceeding five times iefor each compound.
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For MS detection, make certain that the mass spectrometer is tuned in accordance
with the laboratory's standard pwoool prior to the analysis of standards or samples
(e.g., a 5ng injection of 1,4oromofluorobenzene meets the requirements listed in
EPA Method 8260B).

(3) Calculate the response factor (RF) for each compound and the calibration

concentration prioto analyzing any site samples. Calculate the average RF for each
compound. The percent relative standard deviation (%0RSD) for each target
compound should not exceed 20% except for the following compounds, which
should not exceed 30%:

Trichlorofluoromethane (Freon 11)
Dichlorodifluoromethane (Freon 12)
Trichlorotrifluoromethane (Freon 113)
Chloroethane

Vinyl chloride

Tertiary butyl alcohol (TBA)

All target compounds that exceed these requirements must be flagged.for
methods TGAL5 & TO-17, the%RSD for all target compounds can be up to 3a%
two analytes up to 40% RSD

(4) Verify the true concentration of the standard solutions used with the LCS after each

initial calibration. Conduct the verifidan using an LCS with a midoint

concentration within the initial calibration range. The LCS must include all the target
compounds. The RF of each compound should be wiiBtof the initial

calibration, except for Freon 11, 12, and 113; chloroethang; chloride; and TBA;
which should all be within 30% of the initial calibration.Note: for methods T€5

& TO-17, the%RSD for all target compounds can be u%. All target

compounds that exceed these requirements must be flagged. Any compaund th
exceeds these requirements may be considered invalid for use in health risk
evaluations.
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h. Daily Mid-point Calibration Check

The daily midpoint calibration check is required before analyses start in the morning
The daily calibration checdtesults should be included in the lab report sent to the client.

(1) Check the calibration using the calibration standard solution with goonnd
concentration within the linear range of the initial calibration before any sample is
analyzed.

(2) Include the following compounds aegiery compound expected or detected at the
site in the daily miepoint calibration check standard:

Group A Group B Group C
Benzene 1,1-Dichloroethane All of Group A
Toluene 1,2-Dichloroethane and B & methane
Xylenes 1,1-Dichloroethene

Methyl tertiary butyl ether (MTBE) Cis-1,2-Dichloroethene

Tetrachloroethene Trans1,2-Dichloroethene

Tetrachloroethene
1,1,XTrichloroethane
1,1,2Trichloroethane
Trichloroethene

(3) Ensure that the RF of each compound (except for Freon 11, 12, and 113,
chloroethane, vinyl chloride, and TBA) is withi2@% of the initial calibration's
average RF. If detected, the RF for Freon 11, 12, 113, chloroethane, vinyl chloride,
and TBA should be ithin £30%. Note: for methods T@AL5 & TO-17, the(RF) for
all target compounds can be 30%.

Blank

(1) Analyze field blank(s) to detect any possible interference from ambient air.

(2) Investigate and determine the source(s) and resolviabosatory contamination
problem prior to analyzing any samples if the blank shows a measurable amount of
the target compound(s).

Sample Analysis

(1) Ensure that the requirements for the initial calibration, the dailypuidt check, the

blank, and the LCS are met before any site samples are analyzed. If they are not, all
reported values must be flagged with a footnote describing the deviance. Depending
upon the project goals, the sample result may be considered inadequate and need to

be resampled.

(2) Analyze samples within 30 minutes after collection to minimize VOC loss. Longer
holding time may be allowed if the laboratory uses special samgjinigraent (e.g.,
sorbent trap, glass bulb) and demonstrates that the holding time can exceed 30
minutes with no decrease in results.
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(3) If the concentrations of constituents(s) in a sample exceed 10% of the highest
concentration in the calibration 1@, either reanalyze the sample using a smaller
volume and dilution, or flag the result and provide a narrative justifying the validity
of the result. Be advised that depending upon the explanation and project goals, the
sample result may be considereddequate and need to be resampled.

(4) Attain a DL as indicated in Section 5.IV.B.1.c If lesser sample volumes or dilutions
are used to offset possible high concentrations of constituents in the initial run, use
the initial run to calculate the ressifor constituents that are not affected by the high
concentration so that a DL referenced in Section 5.IV.B.1.c can be achieved.

(5) Quantify sample results using the average RF from the most recent initial calibration.

(6) Add surrogate compouis to all samples. Ensure that the surrogate compound
concentration is within the initial calibration range. Two to three different surrogate
compounds [one aromatic hydrocarbon and two chlorinated compounds (early and
middle eluting, except gases)] shoblkl used to cover the different temperature
programming range for each GC ruNote: this requirement also applies to methods
TO-15 & TO-17.

(7) Calculate the surrogate recovery for each GC run. Surrogate recovery should not
exceed £25% of the true concentration of the surrogate. If recoveries fall outside
these limits, all reported values must be flagged with a footnote describing the
deviance.Depending on the preponderance of data, samples with data outside
the limits may be required to be resampled and analyzedor EPA TO-15 and
TO-17, the acceptance ranges for surrogate recoveries are to be statistically
determined by the laboratory.

(8) Analyze duplicate samples at a minimum of 1 every 20 samples (5%).
Compound Confirmation

(1) Conduct compound confirmation by GC/MS whenever possible. Use second column
confirmation with surrogate(s) for compound confirmation if GC/MS is setlu

(2) Add surrogate compounds to standards and site samples for second column
confirmation to monitor the relative retention time (RRT) shift between GC runs.
This is required for better compound identification when ELCD, PID and FID are
used for aalysis.

(3) Usually one sample is adequate and quantitation is not required for second column
confirmation. Second column confirmation can be done with a different GC. The
representative sample can be col keected
doneoftsi t e. The maxi mum hol ding time for
off-site laboratory is compound specific. For benzene, the maximum holding time is
4 hours. Please refer to the time frames outlined by the National Institute of
Occupatiomal Safety and Health (NIOSH) for other compounds. For further
information on the NIOSH Manual of Analytical Methods (NMAMY' dd. DHHS
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(NIOSH) Publication 94113 (August 1994), refer to the web site @
www.cdc.gov/niosh/nmam/order.html.

(4) Second clumn confirmation is not necessary if the compounds present have been
confirmed from previous soil gas investigations.

I.  Samples with High Concentration

(1) The DL may be raised above 1 pg/L for compounds with high results (i.e., the limit
asspecified in Section 5.1V.B.j.(3) and those closely eluting compounds for which
guantitation may be interfered with by the high concentrations.

(2) Quantify sample results accordingSection 5.1V.B.j.(4¥or analytes that are not
affected by the hig concentration compounds.

(3) If high VOC concentrations in an area are known from previous soil gas analysis,
Sections 5.IV.B.1.1.(1and5.1V.B.1.1.(2) are not necessary when analyzing samples
from the area in question.

(4) When dilution withambient air is used for samples with high results, dilute and
analyze in duplicate each day at least one sample to verify the dilution procedure.

m. Shortened Analysis Time
(1) Shorten the GC run time only under the following conditions:

(@) The exact number and identification of compounds are known from previous soil
and soil gas investigations; and

(b) The consultant has been given permission by an approved work plan by the lead
agency to analyze only for specific compounds.

(2) The following requirements must be met when shortening G&ime

(a) Based on the previous site assessment woditenthe compounds present are
fully known.

(b) The compounds must not coelute;

(c) Perform the initial calibration andady mid-point calibration check and analyze
the LCS and samples under the same conditions as the shorter GC run time;

(d) Quantitate using the average RF from the initial calibration utilizing the shorter
run time; and

(e) Perform a normal rurirhe analysis whenever peaks are detected within retention
time windows where coelution, as indicated by the calibration chromatograms, is
likely.

n. Last GC Test Run Per Day of Analysis
The closing calibration analysis mustibeluded in the lalbeport to the client
(1) A closing calibratioror LCSis required at the end of the day to verify that the

calibration is still within limits. Include the same compounds used in the daily mid
point calibration check analysis, as listed in Sectiov.B.lL.h.(2). Attain an RF for
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each compound within £20% difference from the initial calibration's average RF,
except for Freon 11, 12, 113, chloroethane, vinyl chloride, and TBA, which should be
within £30%. All target compounds that exceed these regem&mimust be flagged.

Any results that exceed these requirements may be considered invalid for use in
health risk evaluation®ote: for methods TE5 & TO-17 a closing CCV is not

required

(2) Analyze the closing calibration standard at the detection limit concentration instead
of the midpoint concentration if all samples from the same day of analysis show
norntdetect (ND) results. The recovery for each compound must be at least 50%. If
less tha 50%, all the ND results of the samples may be considered questionable.

Site Inspection

(1) Unannounced, agite inspection by the lead agency may occur. The inspector or case
manager may request hard copies of the complete laboratoryrtatding raw data
for the initial calibration, daily migboint check, LCS, and blank results. Failure to
provide this information may result in the data being considered inadequate and may
require samples to be reanalyzed.

(2) The soil gazonsultant must be able to answer reasonable inquiries on the use of the
instruments, analytical procedures, and QA/QC procedures.

Record Keeping in the Mobile Laboratory
Maintain the following records in the mobile laboratory:
(1) A hardcopy record of calibration standards and LCS with the following information:

(a) Date of receipt

(b) Name of supplier

(c) Lot number

(d) Date of preparation for intermediate standards (dilution from the stock or
concentrated solutioinom supplier)

(e) ID number or other identification data

(f) Name of person who performed the dilution

(g) Volume of concentrated solution taken for dilution

(h) Final volume after dilution

() Calculated concentration after ditn

(2) A hard copy of each initial calibration for each instrument used for the past few
months

(3) The laboratory standard operating procedures

2. Reporting of Soil Gas Sample Results and QA/QC Data

a. Reports for all sample test results should be presented in the preferred reporting formats
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outlined in Table 5. The QA/QC data should be presented in the preferred reporting
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formats that are provided in Table85 Compounds may be listed by retentiometor in
alphabetical order. Include in the table of sample results all compounds in the analyte list.
Report unidentified or tentatively identified peaks. Submit all data requested upon
request. Identify the source(s) of the contaminants detectedimvesigation, as

indicated by the data.

b. Report the following for all calibration standards, LCS, and environmental samples:

(1) Site namé Project name
(2) Address
(3) Sample Date
(2) Laboratory name (3) Date of analysis
(4) Sample result
(5) QA/AC - Soil & Water
Method Blank
LCS/LCSD
MS/MSD
Soil Vapor
Method
LCS/second and/or LCSD

3. Acknowledgement

This guideline, although based on the State of California, California Regional Water Quality
Control BoardLos Angeles Regiomterim Guidance for Active Soil Gas Investigation
(February 25, 1997 has been modified to meet SAM requirements. At present, EPA SW846
does not address soil gas as a matrix for the analytical methods SAM typically uses. Also,
there is no California aceditation process to review the methodology or require specific
QA/QC when soil gas is the matrix.

SAM accepts soil gas data for input into the SAM Soil Gas Vapor Risk 2000 assessment
model for evaluation of potential increased risk to human healthhfapor migration into
buildings. Because of this, a higher level of accuracy and precision of the data is required
than that necessary for soil gas surveys for other purposes.

Page540 8/15/2011 SAM Manual



SECTION 5: SITE INVESTIGATION TECHNIQUES

SAM Manual 8/15/2011 Page541



