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C.1 Introduction and Scope

The procedure used to quantitatively evaluate #powrintrusion pathway is presented in
this appendix. This protocol or other MDNR-apprdgiidance must be used. Figure
C-1 shows the step-by-step approach to evaluat®aper intrusion pathway. Each of
the steps illustrated in the flowchart is descrillow. Specific equations used to
calculate the soil vapor target levels are preskimtéppendix B.

For consistency, MDNR prefers that soil vapor sangplbe conducted using this
protocol unless extenuating circumstances makéecapioin impractical

The objective of this step is to determine whetl@y of the following vapor intrusion-
related pathways are complete:

. Vapor intrusion from sub-surface soils, and
. Vapor intrusion from groundwater.

Determining whether the vapor intrusion pathwagosnplete typically occurs during
the development of the exposure model, (refer toti@e 6.1) and is based on a
combination of site-specific information and prafiesal judgment.

This protocol does not specifically pertain to sldls vapor sampling (a means of
collecting soil gas samples from beneath a buildilzgthe installation of monitoring
points through the foundation of the building). sife conditions warrant collection of
sub-slab vapor samples, MDNR recommends that puwesdinder development by the
United States Environmental Protection Agency (“BP3E be used. USEPA'’s current
sub-slab sampling guidance is included as AttachrhenSub-slab sampling, whether
in accordance with USEPA or other guidance or ptapes, must be conducted under a
MDNR-approved work plan.

This protocol is designed to facilitate a quaniraevaluation of soil gas. Passive soil
gas monitoring is generally a qualitative activitged to guide the installation of
permanent sampling points. As such, passive sailrgonitoring may not be used to
guantitatively monitor soil gas or assess risk®a@ased with vapor intrusion. Passive
soil gas monitoring may be used preliminarily tgisisin planning a quantitative soil
gas sampling event.

! MDNR anticipates the US EPA will issue new guidaregarding petroleum vapor intrusion in early 20T8e
MDNR may subsequently revise this appendix aftecusion with stakeholders, public notice and raléng.



C.2

Soil Gas Probe I nstallation

C.2.1 Installation Requirements.

A.

The Missouri Well Construction Rules at 10 CSR 23t0 through 10
CSR 23-6.060 govern the installation and abandohrmé&rmonitoring
wells, the definition of which includes wells ustedl soil gas monitoring.
Refer to these rules prior to installing soil gampling points in the field.

C.2.2 Sampling Depth.

A.

To the extent possible, soil gas sample depths ldghba chosen to
minimize the effects of changes in barometric presstemperature, or
breakthrough of ambient air from the surface, andrtsure that consistent
and representative samples are collected. In detewgn appropriate
sampling depths, strong consideration should bergite the lithology of
the subsurface. Under no circumstances may seisgaples be collected
from a depth of less than 18 inches.

Soil gas sampling depths must be consistent frompbag point to
sampling point. Samples may be collected at nlaltiepths (see C.2.2.C
below) but, in comparing data, be certain thatoélthe data used in the
comparison was collected from a consistent depih;irfstance, do not
compare soil vapor data collected at 60 inches datta collected from 18
inches.

. Generally, soil gas samples must be collected@hanum of two discrete

depths at each sampling point. Where contaminaimosoil is very
shallow or groundwater is very shallow (i.e., l&dssn approximately 5 feet
below the ground surface), one sample from a simglpth might be
sufficient.

One of the two soil gas samples collected at eanfpbng point must be
collected at a depth no greater than 3 feet belmvfdbundation of the
enclosed space or potential future enclosed sp@be.depth at which the
second sample is collected will be dependent encsihditions, primarily
the depth to contamination.

. For structures having basements, one or more ssilsgmples must be

collected adjacent to basement walls (i.e., nch&rrthan 5 feet from the
wall and, generally, at a depth approximately eqaahe midpoint of the



wall; this depth might need to vary depending am ¢haracteristics of the
structure). Unless soil or groundwater contamarais found below the
building, soil gas sampling adjacent to the basemalis need only occur
on the side or sides of the building where the ammtation is found (e.g.,
if the soil or groundwater contamination is southth® building, soil gas
sampling must, at a minimum, occur on the soutk sidthe building). If

soil or groundwater contamination is found belowe tlevation of the
basement floor, soil gas samples must also becotetlejust below the
elevation of the floor.

F. For structures without basements, soil gas sanghesild be collected
below the depth of the foundation, with the firsimgle collected at a
depth of no more than 3 feet below the bottom effdundation.

G. For hypothetical future buildings, if there is niher information available
to select depth, soil vapor samples should be taltetarget depths of
approximately 3 feet and 10 feet below ground seffaThis method
assures that data is available to assess vaposimtrthreats to both “slab-
on-grade” buildings and those having basementsgrdiindwater is too
shallow to allow sampling at one or both of thesettls, samples should
be collected immediately above the capillary fringe the top of soil
contamination. If soil contamination extends te gurface, sample at a
depth approximately equal to the anticipated deptine future structure’s
foundation.

H. In all cases, if groundwater is too shallow to alleoil gas sampling at the
depths specified above, samples shall be colldotetediately above the
capillary fringé€. If soil contamination extends to the surfacensk at a
depth just below the expected or actual foundaticitoor of the structure.

C.2.3 Lateral Spacing of Soil Gas Sampling Points

A. Soil gas sampling is intended to assess vaporsioinuthreats from soil
and groundwater to existing and hypothetical futunddings. Therefore,

% When sampling to evaluate the potential for vaptnusion into future buildings, unless physica sit
constraints or an activity and use limitation pregavhere and what type of building may be consgtdion
the property, the sampler must assume a builditly asbasement and a building without a basemend cou
be built anywhere on the site, including withinaléas of contamination, and collect samples acuglgd

3 In some cases where groundwater is very shallevcdpillary fringe might extend to or very near the
ground surface. In such cases, soil vapor sampigng not be possible.



sampling points should be laterally spaced to aaledy represent soil gas
concentrations proximate to such structures, takitg consideration the
location of contamination relative to the structurél'he actual number of
soil gas sampling points necessary for a givenvgiledepend on the size
and number of buildings, the location of the bunlgh relative to soil and
groundwater contamination, and, for the evaluabbihypothetical future
structures, the extent or size of the contaminapilime. The following
provisions should be considered as general guekelinther than specific
requirements. The locations and spacing of salsgampling points will
ultimately be dependent on site-specific charasties.

Generally, soil gas sampling points should be kdtatlong each side of
each existing building that is proximate to soil groundwater
contamination. In addition, for existing buildingsamples should be
collected above the area of highest contaminatiorHowever, if
contamination is located to one side of an exissingcture, the collection
of samples only from that side of the structurehhige adequate. If any
wall of the structure exceeds 50 feet in lengtimimimum of two sampling
points is required along that wall.

. To assess vapor intrusion threats to future strastisampling points must

be installed in the area having the highest comtani concentrations on
the site. Generally, four sampling points shouéd Wtilized to evaluate
future structures. However, if the size of thenpduexceeds 2,500 square
feet, more than four sampling points will be regqdir with the total
number dependent on the overall size of the pluinegeneral, sampling
points should be spaced no greater than 50 feet apd preferentially
placed within the anticipated footprint of the fgwstructure, if known.

C.2.4 Probe Construction Materials.

A.

Sample probes consist of a probe tip through wthehsoil gas sample is
collected, and probe tubing that extends from tlubd@ tip to the ground
surface.

Sample probe tubing should be of a small diameté {o 1/4 inch).
Diameter selection should consider site soil tydasgeneral, smaller
tubing diameters can result in higher sample vacconditions, which can
make sample collection more difficult. Tubing mum& inert and non-



C.2.5

adsorptive. Polyethylene and other flexible tubiagd to adsorb COCs
and skew results and should not be used.

. The sample probe should be constructed of matehatswill not react or

interact with target compounds. Suggested mateastsnylon, copper,
Teflon, poly vinyl chloride (PVC), and stainlesseat If copper or
stainless steel is used, the material must firsatequately cleaned to
remove oil residue that might be present from tla@ufacturing process.

The probe tip should be covered with fine screecomnected to a short (<
2 feet) section of perforated pipe, glass fritimgbor screen mesh.

Probe Installation.

MDNR recommends that permanent probes, wells, derosoil gas
sampling devices be installed to allow for the assent of seasonal
variability (a minimum of two soil gas sampling e are required at any
site at which soil gas sampling is conducted, asudised at C.3.2 below).
However, data may also be collected from tempaargpling points, such
as through the probe rods of a direct push dritmvze .

Boreholes may be installed using direct push ololestem auger drilling
equipment or hand-driven using a rotary hammer barad auger. Note,
however, that direct push probes might not be Blgtdor all soil

conditions, as smearing of the sidewalls can oatuine-grained soils.
Such smearing could preclude passage of vapor ft@msoil into the
borehole.

Before any drilling activities, utility clearancerf the installation area
should be obtained. In addition, utilities proximao the contamination
must be identified and assessed as possible sodayaduits. Utilities near
or above contamination must be screened using a &IOFID (as
appropriate) and the results recorded.

. The borehole is advanced to the target samplinghdelp samples will be

collected at multiple depths within the same bolehthe borehole is
initially advanced to the deepest sampling poird Hre deepest sampling
point installed first.

The probe tip is placed midway between the top bottom of the
sampling interval within a sand pack extending éhas above and below



the sampling interval. The grain size of the saratkpshould be
appropriately sized (for example, no smaller thaa adjacent formation)
and installed to minimize disruption of airflowttee sampling tip.

. At least 1 foot of dry granular bentonite should@aced on top of the
sand pack to preclude the infiltration of hydrateshtonite grout into the
sand pack. Refer to Figure 1 for an illustratiéthis sealing method.

. The borehole should be grouted to the surfacefdonested samplers, the
bottom of the next sampling interval) with hydratezhtonite. Adequately
sealing soil gas sampling probes is very importemtminimize the
exchange of atmospheric air with the soil gas amdmiaximize the
representativeness of the sample. The surfaceslseald be a minimum of
2.5 feet thick. If conditions warrant shallow samgldepths, great care
should be taken in installing the surface seal itoitl atmospheric
infiltration.

. If multiple sampling points are installed within single borehole, the
borehole must be grouted between sampling pointse €@ot of dry
granular bentonite must be placed between the plidek and the grout at
each sampling location within the borehole, asthiated by Figure 1.

Tubing must be properly marked at the surface tntifly the probe
location and depth. Particularly when multiple lpge are installed within
a single borehole, tubing must be labeled immelgiaggon installing each
separate probe.

. To minimize any separation between the soils ardtltside of the probe,
avoid lateral movement of probes once they hava bestalled.

. Examples of a single depth soil gas probe and di-aepth or “nested”

soil gas probe are shown in Figure 1. Figurednig an example: soil gas
sampling points need not necessarily be construictestrict accordance
with the figure.

. Documentation of subsurface soil stratigraphy wmehole logging and
other methods can be very important in evaluatimiy gas data. While
delineation of contamination should be largely ctetg at any site
undergoing soil gas sampling, MDNR recommends $ods be logged,
field screened, and sampled for COC analysis duyiobe installation for
the purpose of providing further information regagithe distribution of



contamination. Soil stratigraphy data can be waportant in determining
soil gas fate and transport.

C.2.6 Surface Completion.

A.

Unless soil gas probes are properly abandoned ahee gday they are
installed, probes must be properly secured, cappad, completed to
prevent infiltration of water or ambient air intbet subsurface and to
prevent accidental damage or vandalism. For surtawapletions, the
following components may be installed, as necessary

I. Gas-tight valve or fitting for capping the vapoiingo
il. Fitting for connection to above ground samplingipment;
iii. Protective flush mounted or above ground well \s&aw@hd/or

iv. Guard posts.

C.2.7 Probe Abandonment

A.

All monitoring wells, including those used for sgds monitoring, must be
abandoned in accordance with Missouri Well ConsibacRule 10 CSR
23-4.080, “Plugging of Monitoring Wells.” This rulgtates, in part, that
monitoring wells less than 10 feet in depth musphgged with grout or
by returning uncontaminated native material inte tiole it was taken
from.

10 CSR 23-4.080 also states, in part, that temponanitoring wells (i.e.,

closed within 30 days) greater than 10 feet in ldeptist be plugged by
removing any temporary pipe and filling the welbrr total depth to 10
feet from the surface with approved grout, with temainder of the well
filled with uncontaminated native material or grouthe plugging of all

monitoring wells greater than 10 feet in depth nhesteported to MDNR
on a registration report form supplied by MDNR’sg8luri Geological

Survey (MGS).

. A monitoring well that is abandoned in accordandad w0 CSR 23-1.010

must be plugged immediately.



C3

Sampling Frequency

C31
A.

C.3.2
A.

C.3.3

Factors affecting soil gas values.

Certain atmospheric and seasonal factors thatareithin human control
can affect soil gas values. For instance, temperabarometric pressure,
and precipitation can affect soil gas values aseHactors fluctuate over
time. Because these factors will fluctuate, adiomust be taken to ensure
soil gas data collected at a site is representafieevariety of atmospheric
conditions. MDNR has determined that the best teagccount for these
factors is to require multiple soil gas sampling®g over time.

Sampling frequency.

At a minimum, two soil gas sampling events mustuocwith no less than

three months between events. In cases where negasaoil gas values
vary significantly from the first to the second etjeadditional sampling

may be required. In most cases, the maximum nuwibEampling events

will be four, with events spaced evenly over ageof one year. Samples
must be collected from the same location and ddpting each sampling

event.

Duplication of sampling events.

Under this guidance, soil gas samples may be d¢etledrom either
permanent or temporary sampling points. Cleady@ing may be easily
duplicated if permanent sampling points are install However, if
temporary points are used (i.e., those closed witti most 30 days),
actions must be taken to ensure that subsequeplesaare collected from
the same location and depth as the initial sampl€s. do so, MDNR

requires that the location and depth of temporamning points be
accurately and durably recorded. Sampling pointsisl be marked in the
field to ensure that they can be subsequently fotd®NR recommends
that the location of each sampling point be readrdesing Global

Positioning System (GPS) coordinates. GPS coaebnahould be
accurate ta: 5 feet. The methods used to record the temp@ampling

locations and depths and a copy of the actual emrittecord of such
information must be included in the soil gas sangplieport submitted to
MDNR.



C.4 Soil GasProbe Equilibration and Purging

C.4.1 Monitoring Point Equilibration.

A. During probe installation, subsurface conditiorss @mavoidably disturbed.
The subsurface soil gas profile should be alloweedduilibrate following
this disturbance. The following equilibration timea® recommended:

For probes installed using the direct push metlsod, gas sampling
should not be conducted for at least 30 minutetoviahg probe
installation. MDNR recommends waiting several lsour

For probes installed with hollow stem auger drglimethods, soil gas
sampling should not be conducted for at least 48shfollowing probe
installation.

B. Prior to sampling, soil gas sampling probes shbelgurged to ensure that
stagnant or ambient air is removed from the sarg@istem and to assure
samples collected are representative of subsurfameditions. The
following purge procedure is recommended:

Calculate the volume of the sampling system by sumgrthe volume
of the probe screened interval (including filterclpavoid space,
accounting for porosity of sand pack), the volumeubing from the
probe tip to the ground surface, and the volumabolve ground tubing
connecting the soil probe to the sample collectievice.

Purge the monitoring point until at least threeuvoés of the full

sampling system have been evacuated. Purging sheutdnducted at
flow rates and vacuum conditions similar to thazesmple collection
(described below).

If the soil matrix is such that purging as recomdezh above is not
possible due to low or no flow conditions (i.e.sgaill not flow or
flow is severely restricted), the probe should dgamced deeper to
look for zones of higher permeability. If the deeprobe does not
encounter a higher permeability zone and low orflow conditions
persist, the probe should be abandoned and a nele mdvanced
elsewhere on the site.

If low or no flow conditions are found across the sand soil gas
sampling is therefore not possible, an alternathethod of soil gas



sampling, such as sub-slab sampling, may be prdpoBecause sub-
slab gas samples are generally extracted from thweup granular
material underlying a slab, sub-slab sampling may ab practical

method of soil gas sampling when subsurface sagpsnnot. As

discussed at C.1 above, if site conditions warsart-slab sampling,
the sampling should be conducted in accordancecuittent EPA sub-
slab sampling guidance.

C.5 Soil Gas Sample Collection Procedures

C.5.1 Sample Containers.

A.

Samples may be collected in Tedlar bags or gas-iglnges if samples
are analyzed on-site in a mobile laboratory. $j@s1may not be used if
samples are analyzed off-site at a fixed laboratoRor samples to be
analyzed off-site at a fixed laboratory, Summa st@ng or Tedlar bags or
equivalent containers may be used. MDNR recommealking with the

laboratory that will analyze the samples in chogsappropriate sample
containers. MDNR prefers that small volume — 1r1560 mL — Summa
canisters be used. Certain situations might warta@ use of a larger
Summa canister but, in general, the small volunméstars should be used.

The analytical laboratory or other supplier of sémpontainers must
certify that all sample containers supplied by tremn free of contaminants
at concentrations exceeding contaminant detectosid.

C.5.2 Sampling Flow Rate.

A.

An initial sampling rate of 200 milliliters per mite (mL/min) or less is
recommended.

A regulated flow meter should be placed betweerptbbe and the sample
container to control and measure the flow rate.

. The sampling rate may be modified based on spefigid conditions,

including the vacuum observed. Data for sampldélected at a flow rate
exceeding the recommended rate of 200 mL/min dkelflagged in the
report submitted to MDNR. MDNR will not necessgarikject flagged
data. Flagging is intended to facilitate a miw@ough review of the data.



C.5.3 Vacuum Conditions.

A.

Cb54

To measure sample collection vacuum, a vacuum geuge be placed

between the probe and the sample container. MD&d®nmmends a

sampling vacuum of less than 100 inches of watdote, however, that

when using a Summa canister, the vacuum gaugengeaddominated by

the vacuum in the canister and does not reflectéicaum at the probe tip.
Therefore, with a canister, the vacuum gauge rgdolitomes meaningless
as does the 100 inches of water requirement a8 C.helow.

To achieve the target sampling vacuum, the samgliavg rate should be
adjusted using the flow regulator.

If the sampling vacuum exceeds 100 inches of watet,a reduction in the
sampling flow rate does not reduce the vacuum,imoatto attempt to
collect the sample, recording flow rate and vacwonditions. Data for
samples collected under a vacuum of greater th@nribhes of water must
be flagged. MDNR will not necessarily reject ornsmler such data
suspect; flagging simply facilitates a more thofougview of the data.

If the sample container cannot be filled within expected time frame,
such time being dependent on the size and typeecdample container and
sampling equipment (e.g., tube diameter), discamstirsampling and
document vacuum observations. Generally, data samples collected
under such conditions will not be valid.

Field Conditions.

Generally, soil gas sampling should not be condueti¢hin 48 hours of a

significant precipitation event (for example, Odgh or greater of rain) or
comparable on-site watering. However, whether $iagnis conducted is

dependent on the depth to which soil is wettedtiveato the planned

depth of sample collection. The depth to which #Hod is wetted is

dependent, at least in part, on the ground cowertype of soil, and the
soil moisture content prior to the precipitatioreez Sampling should not
occur if soils are wetted at a depth equal to @atgr than the planned
sampling depth.



C.5.5 Sample Collection.

A.

J.

Aboveground sampling equipment consists of conmdatzing, regulated
flow meter, pressure gauge, and purging equipnfenexample sampling
train is shown in Figure 2.

Connect aboveground sampling equipment to prolibeasurface. Check
all sampling system connections and fittings fghtness and obvious
deterioration.

. Quick connect fittings and nylon tubing should Is®dito ensure vacuum

tightness of the system and that chemicals in ith&r@am are not reacting
with or adsorbing to the tubing. Compression fgrshould be avoided for
all connections except at the Summa canister @élus

Purge at least three volumes of air from the samgpiystem as described
at C.4.1.B above. After purging is complete, cldse valve to the purge
line and/or disconnect purge apparatus, as apptepri

Connect the sample container to the sampling liség quick-connect,
airtight fittings.

Follow the leak test procedures described in Seci®, below.

. Open valve and collect sample into sample contafoblowing the sample

flow rate and vacuum guidelines discussed aboverinBusampling,
measure and record sample flow rate and vacuumy evey to five
minutes.

. Disconnect sample container and immediately label ¢ontainer with

sample identification information.

If Summa canisters are used, measure the finabpresf the canister
using a pressure gauge. Record the final carpséssure.

Store sample containers out of direct sunlight, @madot chill.

C.5.6 Quality Control Samples.

A.

The collection of at least one field duplicate pampling event or one per
twenty samples, whichever is greater, is required.

Duplicate samples shall be collected in separatgkacontainers, using
the same procedures and at the same location gt de the original
sample.



C.

Preferably, duplicate samples should be collectedulsaneous to
collection of the primary sample using a samplieg. t Alternatively, the
duplicate may be collected immediately after thikection of the primary
sample.

. At least one equipment blank must be collectedspenpling event or per

25 samples, whichever is greater.

C.5.7 Recordkeeping.

The following information should be recorded in ield notebook or on
sampling forms (Figure 3 shows an example fieldnjoand reported to MDNR
as necessary to document the procedures utilizadspécific site to collect soill
gas data.

A.

MDNR recommends using a relatively simple concdptite model
related to the vapor intrusion pathway. Such aehodn be very useful
before, during, and after a soil gas sampling itigason. The conceptual
site model should, at a minimum, include informatmn the location of
utility corridors and other potential preferentipathways for soil gas
migration, depth to groundwater, distances betwsences and receptors
(include both current and potential future struet)y and soil type and soil
stratigraphy.

Sample identification information, including thecégions and depths at
which the samples were collected, sample idendifidéate, and time.

Field personnel involved in sample collection.

D. Weather conditions (e.g., temperature, wind spéadometric pressure,

precipitation, etc.).
Sampling methods, devices, and equipment used.

Purge volumes prior to sample collection. Relagegurge volumes to the
volume of the sampling equipment, including theirigbconnecting the
sampling interval to the surface.

. Volume of soil gas extracted (i.e., volume of eaample).

. Vacuum of canisters before and after samples delllec

If observable, the apparent moisture content ofsém@pling zone (e.g.,
dry, moist, saturated). An alternative to a gaéile measurement of soil



moisture is to collect a soil sample from the gais sampling interval for
laboratory measurement of soil moisture. If a sainple is collected for
this purpose, include a copy of the laboratory daeet.

J. Shipment information, including chain of custodgtaicols and records.
C.6 Leak Testing
C.6.1 Requirements.

A. Leakage during soil gas sampling may dilute samypiés ambient air and
produce results that underestimate actual site erdrations or
contaminate the sample with external contaminartierefore, MDNR is
requiring that a leak test be conducted each timsmiagas sample is
collected to determine whether leakage has occurtedk testing may be
conducted with or without a shroud.

B. For each sample, use a hand pump to vacuum tesathpling equipment
after assembly.

C. A leak check, or tracer, compound such as isopmpamecommended to
determine if leaks are present. Other compounds asdelium, pentane,
isobutane, propane, and butane, may be used asiegk compounds.
MDNR may approve the use of other leak check comgswon a request-
specific basis. Select a leak check compound ihatot known or
suspected to be site- related or otherwise assdcwith the site or nearby
properties.

D. Immediately before sampling, place the leak checkmound at each
location where ambient air could enter the samdiygiem or where cross
contamination may occur. For liquid compounds (fexample,
isopropanol), wet a paper towel with the leak cheaknpound and place
the towel over each location where ambient air @daniter the sampling
system. These areas include: the base of th@adk at ground surface,
the connection from the soil gas probe to the semgpline, and any
connections within the sampling line. Gaseous lehkck compounds
require a device to hold the vapor near the testtion, such as a shroud at
the surface. The type of device and leak cheakpownd to be used must
be specified in the soil gas sampling work plan.



E. The leak check compound must be included in theofi@nalytes looked
for during laboratory analysis of each sample.

C.6.2 Detection of leak check compound.

A. If greater than 100 ug/L of the leak check compoimdietected in a
sample, the following actions must be taken:

» Review the analytical results that show a detectibthe leak check
compound.

= If a review of the data indicates that the anadjtidata is accurate,
evaluate the cause of the leak through systemmgesti

= Based on the concentration of the leak check comgbadetected,
evaluate the impacts of the leak on sample collecand sample
integrity. Document the findings and the evaluatio the soil gas
investigation report submitted to MDNR.

* In certain cases, MDNR will reject data in whichleak check
compound has been detected at a concentrationcesg)f 100 ug/L
unless it can be demonstrated that the data remalias

C.7 Laboratory Analysis
C.7.1 Off-site and On-site Analysis.

A. Samples may be analyzed either off-site in a fiaddratory or on-site in a
mobile laboratory. On-site analyses can provide & more timely
indication of problems with sample system leaksloort-circuiting, thus
allowing corrections to be made and resamplingctaupowhile drilling and
sampling equipment remains on the site. Whetheptss are analyzed on
or off-site, the probes from which the samplesaiected should either
be installed as permanent sampling points or tlugiation clearly and
durably marked so that sampling can be duplicatethd subsequent gas
sampling events. Procedures for on-site samplind) amalysis must be
clearly documented in the work plan submitted toNDand approved by
MDNR prior to implementation.



C.7.2 Analyses Required.

A.

Contaminants of concern (COCs): For petroleum prodyills, COCs
include benzene, toluene, xylenes, ethylbenzeneBBTTPH-GRO, and
naphthalene.

Leak test compound. The leak test compound usest In@uincluded in the
analyses except when the leak testing method usealves real-time
monitoring for the leak check compound. Real-timenitoring must be
proposed in a work plan submitted to and approyeslDNR.

. The entity performing the work may also analyze orapamples for

oxygen, carbon dioxide, nitrogen, methane, and roth@icators of the
biodegradation of hydrocarbon vapors, though thasalyses are not
required. Of these, MDNR recommends analyzingofgrgen and carbon
dioxide, at least. If samples for oxygen analgsis collected, the oxygen
sample should be collected after the COC samplegxgigen sampling
requires the use of an oxygen meter and pump.

C.7.3 Analytical Methods.

A.

Fixed laboratory analysis: Gas chromatograph by BfR#hod TO-14A,
TO-15, or an equivalent air analysis method. Sunvaaisters are
required for these analytical methods. SW-846 Meésh8260B and 8021
may be used if detection limits below applicableg¢d levels can be
achieved.

On-site laboratory analysis: Gas chromatographggu§W-846 Methods
8260B or 8021. Method detection limits must beohebpplicable target
levels. Other methods may be used only with @pproval of MDNR.

. Selected laboratory analyses must meet detectiitslithat support site

objectives (i.e., detection limits must be lowearthapplicable target
levels).

Regardless of whether the analyses are conductedh aiff-site, fixed
laboratory or an on-site mobile laboratory, theolabory must provide
adequate and complete Quality Assurance and Quabtyrol (QA/QC)
data for each analysis. QA/QC data should be dpeel in accordance
with the provisions of the analytical method used® stipulated in SW-
846.



C.8 Documentation of Soil Gas Sampling Event.
C.8.1 Soil gas investigation report.

A. A soil gas investigation report that includes acdssion of field
operations, any deviations from this protocol, datansistencies, soil gas
sampling results, calculation of representative | sgas COC
concentrations, other significant procedural andlhdital details, and
conclusions and recommendations must be preparddsabmitted to
MDNR. The report may be included as part of a askessment report.

B. At a minimum, the soil gas investigation report teentain the following:

» A site plan map, a map identifying soil gas prabeations, and a map
showing soil and groundwater contamination relatwvehe locations
of the soil gas probes and any current and knowndistructures.

» A site map on which soil gas concentration dataldess plotted. The
map must be at the same scale as the maps disaizses

* A narrative description of probe installation armingling procedures,
including leak check testing.

* Analytical data summary tables.
* Laboratory data sheets.

* A table showing applicable target levels and, ifgéa levels are
calculated at Tier 2, appropriate documentationwégp how the site-
specific target levels were calculated.

* A narrative discussion of analytical results, intthg a comparison of
soil gas sampling results to soil vapor targetleve

» If data was collected to demonstrate whether anghiat degree COC
vapors are biodegrading, all relevant supporting gidus a narrative
interpretation of the data must be inclutied

» Legible copies of field forms, logs, and associatetes pertinent to
probe installation and soil gas sampling.

* An investigation of biodegradation must includd gais samples collected at multiple depths from the
same sampling location. In addition to sampling@®Cs at each depth, samples shall also be cadldot
analysis of oxygen and carbon dioxide concentration



As-built diagrams of probes or wells showing oviecahstruction and
the depth at which samples were collected.

QA/QC data.

Conclusions and recommendations.
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Background

Wapor infrusion is defined as vapor phase migration of volatile organic andior inorganic
compounds into occupied buildings from underlying contaminated ground water and/or soil.
Until recently, this transport pathway was not routinely considerad in RCRA, CERCLA, or UST
investigations. Therefore the number of buildings or homes where vapor intrusion has ocourred
or is occurting is undefined, However, considering the vast number of current and former
industrial, commersial, and waste processing facilities in the United States capable of causing
volatile organic or inorganic ground-water or soil contamination, contaminant exposure via
vapor intrusion could pose a significant risk to the public. Also, consideration of this transport
pathway may necessitete review of remedial decisions at RCRA and CERCLA sites as well as
implamentation of risk-reduction technologies at Brownsfield sites where future development
and subsequent potential exposure may ccour. EPA's Office of Solid Wasts and Emergency
Response (OSWER) recently (2002) developed guidance to facilitate assessment of vapor
intrusion at sites regulated by RCRA and CERCLA where halogenated organic compounds
constitute the bulk of risk to human health. EPA’s Office of Underground Storage Tanks
{OUST) Is consldering modifying this guidance to include underground storage tank sites whara
petroleum compounds primarily determine risk and biodegradation in subsurface media may be
a dominant fate process.

The OSWER guidance recommends indoor air and sub-slab gas sampling in potentially
affected bulldings at sites containing elevated levels of soil-gas and ground-water
contamination. To support the guidance and improve site-characterization and data
intarpretation methods to assess vapor intrusion, EFA’s Office or Research and Development is
developing a protocol for sub-slab gas sampling. When used in conjunction with indoor air,
outdoor air, and soil gas and/or ground-water sampling, sub-slab gas sampling can be used to
differentiate indoor and outdoor sources of volatile organic and/or inorganic compounds from
compounds emanating from contaminated subsurface media. This information can then be
used to assess the need for sub-slab depressurization or other risk-reduction technologies to
reduce present or potential future indoor air contamination due to vapor intrusion.

Sub-Slab Vapor Probe Construction and Installation

1. Prior to drilling holes in a foundation or slab, contact local utility companies to identify
and mark utilities coming into the building from the outside (e.g., gas, water, sewear,
refrigerant, and electrical lines). Consult with a local electrician and plumber to identify
tha location of utilities inside the building.

2 Prior to fabrication of sub-slab vapor probes, drill a pllot hole to assess the thickness of
a slab, As llustrated in Figure 1, use a rotary hammer drill to create a "shallow” (e.g.,
2.5 em or 1 In) "outer” hole (e.g., 2.2 cm or 7/8 in diameter) that partially penetrates the
slab. Use a small portable vacuum cleaner to remove cuttings from the hole if
penatration has not occurred. Removal of cuttings in this manner in a competant slab
will not compromise sampling because of lack of pneumatic communication between
sub-slab material and the source of vacium.

3, Then use the rotary hammer drill to create a smaller diameter “inner” hole (e.g., 0.8 cm
or 5/16 in) through the remainder of the slab and some depth (e.g., 7 to 8 cm or 3 In)
into sub-slab material. Flgure 2 illustrates the appearance of “inner” and “outer” holes,
Drilling into sub-slab materlal will create an open cavity which will prevent obstruction of



probes during sampling by small pieces of gravel.

The basic design of a sub-slab vapor probe is illustrated in Figure 3. Once the
thickness of the slab is known, tubing should be cut to ensure that probes “float” in the
slab to avoid obstruction of the probe with sub-slab material. Construct sub-slab vapor
probes from small diameter (e.g., 0.64 cm or 1/4 in OD x 0.48 cm or 0,18 in 1D}
chromatography grade 3186 stainless steel tubing and stainless-steel compression to
thread fittings (e.g., 0.64 cm or 1/4 in OD x 0.32 cm or 1/8 in NPT Swagelok female
thread connectors) as illustrated in Figure 4. Use of stainless-stesl materials to ensure
that construction materials are not a source of VOCs.

Set sub-slab vapor probes in holes. As illustrated in Figure 5, the top of the probes
should be completed flush with the slab and have recessed stainless steel or brass
plugs so as not interfera with day-to-day use of buildings. Mix a quick-drying portiand
cament which expands upon drying (to ensure a tight seal) with water to form a slurry
and inject or push into the annular space between the probe and outside of the “outer”
hole. Allow cement to cure for at least 24 hours prior to sampling.

Install at least 3 sub-slab vapor probes in each residence. As illustrated in Figure B,
create a schematic identifying the location of each sub-slab probe.

Sub-Slab Sampling

1.

Connect dedicated a stainless-steel fitting and fubing (e.g., 1/8 in NPT to 1/4 in tube
Swagelok fitting and 30 cm or 1 ft of 1/4 in 1.D. Teflon tubing to a sub-slab vapor probe
as lllustrated in Figure 7. Use of dedicated fitting and tubing will avold cross-
contamination issues.

Connect the Teflon tubing to 1/4" ID Masterflex (e.g., 1.4 in ID high performance Tygon
LFL) tubing and a peristaltic pump and 1-L Tedlar bag as illustrated in Figure 8. Usa of
a peristaltic pump will ensure that sampled air does not circulate through a pump
causing potential cross contamination and leakage.

Purge vapor probe by filling two dedicated 1-L Tedlar bags. The internal volume of sub-
slab probes is insignificant (< 5 cm®). A purge volume of 2 L was chosen based on the
assumption of a 0.64 cm (1/4") air space beneath a slab and an affected sample
diameter of 0.61 m (2 ft).

Use a portable landfill gas meter to analyze for O,, CO; and CH, in Tedlar bags as
iNustrated in Figure 9.

Collect sub-slab vapor samples in evacuated 10% or 100% certified 1-L Summa
polished canisters and dedicated particulate filters as illustrated in Figure 10. Check
vacuum in canisters prior to sampling. Sampling will cease when canister pressure
reaches atmospheric pressure. Submit canisters to a commercial laboratory for
analysis by EPA Method TO-15.

Collect at least one duplicate sub-slab sample per building using dedicated stainless-
steel tubing as lllustrated in Figure 11.
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