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. Why Passive Soil Gas?

The primasy objective of employing a passive s0il gas techrology is simitar to all environmenwl screening
level methads. The objecave is to reduca the gverzll cost of an investigation oz long-tezm monitoring
program. while inczensing the sampling deasit: ralative 1o convendenal methods.

Passive soil gas rechnology was develaped and has evolved duc to the limitadoas of other icreening
cechniques. pacticularly acdve soil gas. For sites with impact from VOCs and permeabie soils, acove soll
gns methods have been proven effectve.

However. acave soi gas methods are nar applicable on sites with low permeability or poorly-drained
soils. This is primanily due o tha lack of available seil gases for detection in the short sampling incervals
used. The dme-integrated, sorbent based approach of passive sampling overcomes these limitadions
and has been validated on these gype of sites.

For investigadons where SVOCs or PAHs are the target compounds, passive soil gas technology can be
applied successfully. (Research shows that compounds up to and including pyvrene can be detected
successfully in the vapor phase.) Actve soil gas systems ace normalbly Urrred o VOC invescgadons.

Passive s0il gas systemns have also been successfully applied in delineating deeper ground water plumes
(up to 100 fr. with appropriate conditons). Due to their limited sensitvity, actve methods are normally
only appled for shallow seil or ground wacer invesdgatons. '

Firally, itis possible to apply some passive eollectors in the sawsated 20ne ar direcdy in monitonng wells
. to help reduce the cast of lang rerm monitoring programs. The flexibilicy of passive svstems is the result
of zescarch & development aimed ar addressing the ceeds of environmental professienals and Slling the

gaps lelft by convenuonal sed gas méthods.

Developing and producing an effective passive soil Bar jurvey requires an experiented multi-
disaplinary team. Understanding the limitation as well as the strengths of passive soil
technolagies leads o appropriate and successful applications ond can avoid wisinterpretation
and a misinderstanding of the results.

, |

GORE |

Crealiva Technelogias
Worldwide

. . W. I.. Gore & Associates, Inc.
100 Chesapeake Boulevard o P. (), Box 10 « Elkion, MD 21922-0010
Phone: 410/392-7600 « Fax: 410/506-4780
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Collec nstalladon 1o Re ended ths

. Soil gas collectors should be designed for installation and retrieval at depths greater
than 2 feet without additional casing of the piloc hole.

N)DEP! and NGWA? guidelines clearly scate thac the recommended depth for anv ol g3
shouid be 2 to 3 fece below pround suzface. Significant loss of sensivvin: wil occur when
sampling for soil gas ac shallow depths. This loss of sensidviry is 3 Fencdon of nighes

outgassing rates near the soif surface, increased miccabial actviry, and greates impact on

the shallow sobi environment from predpitation, temperanure, and ocher aonesphszc parameters.
Under paved or impermeshls surfaces, the potendal for <oncentatng soil gas »apor and
horizonal migvation of soil gases increases the need for adhering o the guidelines for installanon

depths.

SURFACE

(Cooerate, arphalt 3r Hard Seils)

Unimpeded Vapor Migration o the Sgrbents

The combination of liquid water condensing inside the collector and the narural
tendency for closed-end conrainers o impede the migration of gases has a
significant impact on overall sensinvity.

Allowing soil gases (organics 25 well as water vaper) to mugrase freely oz “Hux” pasc the sorbencs
is imporraac. Closed-end collectors, such as glass vials or cubes, impede the natusal migradon of
vapers to the sorhent. Addidonally, glass vials promote condensacon an the inside of the collecror
when metaled in the subsurface. This condensed water acts as 2 “sorbenr” by “sesubbing” osganic
guses back inco the dissolved phase making chem less available for adsorpdon on the solid socbent.

Protecting of Sorbengs from Soil and Liquid Wacer

Collector design must employ materials of construcdon that are chemically inerr, and must ensure
that the sarhents are protected from direct contact with liquid warter or soil particles.

. The collector matedals must be chemically iners aad regged cnough to withstand handling in the Geld,
inserdon and retgeval from dhe subsurface, exposure to the subswrface, and shipping. Direcr canuct

of the sorbent with liquid wates o soil paruietes deswoys the inwegnty of 1 soil gas somple.
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Sorbent Type

Selection of a single sarbent system that oprimizes sensitiviry (o target compounds,
hydrophobicity, 2nd minimizadon of comperidon for socption sites by different Target
compounds is the responsibility of the passive soil gas provider.

Research has been completed chat facused oa measuring each of these paramerers for a wide variery
of sorbeaty. Cleady, the use of actvated carbon a5 a sorbent is unacceprable due 1o the high upuake of
ware: vipor - some types adsorb up o 70% of their own weight in warer vapor.

* The resulris decreased sensidvity as less sorpdon sites are available for arganic soil gases.

FICURE J¢ W aser Sarprian Data for Selected Jordents
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Sorbent Packaging

The use of collecrots with poorly packaged sorbents inrraduces vadabiliry that impacts
resules adversely and cannot be measured.
The packaging of sorbents for use in the subsurizce must enswre that 0o sorbent is lost during Beld
use or shipping (every collscror must have an idendcal amount of sozbent). This is 2 cadeal
consideranion duc to the relzdve namse of passive soil pas results. The pomary value of the resulrs is
the relagve distributon of adsarbed campouads across the area of intezest

Sorbent Amount

The impacr of having too lide sorbent in 2 passive sail gas collector minimizes overall sensiovity and
increases the chance of sorbent saruration at high soil g35 Concentratons. :

Analytical Method

When specifying the analytcal methed, it is imporrant 10 consider the overall objectdve af the
soil gas survey and the expecradons for applying the results.

The sclecton of an analvical medhed is 22 imporant critegn a3 this can have a significant mpact

. on compound idenaficadon, QA/QC, data quality, data integrity, and cost. The facility analyzing
the sol gas samples must follow 1 relevant QA/QC plaa. have expedence in soil gas analysis,
and have supporming credendals 1nd approvals for seil gas analyses.

'Eirtd Samoling Proceduees Maops), wd. LR Schoordebes 2nd B.S, Morion, Naow Jemcy Deparemenst of Eavironmenta! Protecsion wnd Energg,
Midpp., 1702

iDevit, Dake A, Evaas, Ray B, Jury, William A, and Starks, Thomyg H., Se
Madenal Groundwatar Associzion, Dublin, OH.
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GORE SORBER® EXPLORAYION SURVEY  GOAE SORBER® SCAEENING SURVEY .

ANALYTICAL METHOD SUMMARY & QA
: PROCEDURES

.Instrumentation consists of state of the art gas chromacographs equipped with mass selective
detecrors, coupled with automated thermal desorpiion units. Sample preparation simply invoives
cutting the p off the bortom of the sample medule and transfarring one or more exposed sorbent
centainers (sorbers, each containing 40mg of a suitable granular adsorbent) to a thermal
desorption tube for analysis. Sorbers remain clean and protected from dirt, soil, and ground
water by the insertion/retrieve] cord, and require ne further sample preparation. Samples remajn
frozen until analysis and unanalyzed socbers are archived in the freezer for porential future

analysis.

Analytical ivlethod Quality Assurance:
The analytical method employed is a modified EPA method 8260A/82708. Before each run
sequence, two instrument blanks, a sorber centaining Sug BFB (Bromofluorobenzene). and &
method blank are analyzed. The BFB mass specira must meet the criteria set forth in the method
before samples can be analyzed. A method blank and a sorber containing BFB is also analyzed
after every 30 samples and/or trip blanks. Srandards containing the selected target compounds at
three calibration levels of 5, 20, and 50pg are analyzed at the beginning of each run. The

. criterion for each targer compound is less than 35% RSD (relative standard deviation). If this
criterion is not met for any targer compound, the analyst has the option of generating second- or
third-order standard curves, as appropriate. A second-source reference standarc, at a level of
20ug per target compound. is analyzed after every ten samples and/or trip blanks, and at the end
of the run sequence. Pesitive identification of target compounds is determined by 1) the
presence of the target ian and at least two secondary jons; 2) retention time versus reference
standard; and, 3) the analyst’s judgment. As an optien, dara deliverables can be provided for all
samples and blanks analyzed.

Lvmarkenglanalproc 2-98 doc
Revpe, 258

100 Chesapeake Bled,, BO. Box 10 Accuracy Counts ~
EURE Elkton, MD 219220010

Fhone: 410/392-7600

Crestiva Tochnologias Fax: 410/5C6-4780
Wortdwids

GORE-TEX sad CONE-SORBLA arc regvarownd tonlomarks off W, L. Liwe & Avrechues, Ing,
UORE.SORRIR s PETREX an worvice ciarks or W, L Gerz & Autacsto Ine
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. Impact of Passive Soil Gas Collector Design 130 5
and Instailation Depth
on Sensitivity

Objective )
The objective of this experiment was to identify the impact that instailation depth and

collector design (sorbent housing) have on the sensitivity of passive soil gas surveys.
Comparisons werc made berwesn sorbent housed in small, inverted glass vials (open on one end)
and GORE-SORBER® Modules, both installed 1o different depths below the ground surface.

Site Description
The test site is an industrial facility that has been impacted with chlonnared sclvents.

gy consists of silty clay shales and the depth to groundwater 15

The subsurface gecle
approximartely 10 feet bgs.

Field Sampling
GORE-SORBER Mocules were installed at 3.0 inch and 30.0 inch depths across an area

of the site with known groundwater impact. The same sorbents (tvpes and amounts) were placed
in small (10 ml) inverted glass vials, and installed in separate pilot holes directly adjacent to the
GORE-SORBER Modules. The glass vials, installed to 50 inch depths. were placed in pilot
holes that were cased with a 1.0 inch ID copper pipe to allow for installation and retrieval from
this depth. All four installations were no more than 12 inches apart to insure sampling of a
similar subsurface environment. Exposure time was 1¢ days for all samples. Al of the sorbents
. used were of an engineered desizn to be “hydrophobic”, which minimizes the sorption of water

vapor leaving more capacity for the sorption of volatile organic compounds (VOCs).

Analvsis
After exposure, all samples were retrieved 2nd returned to the laboratory for analysis via

thermal desorption, gas chromatography and mass selective detection.

Results

The results are depicted on the attached figure. These results Hustrate clearly that for
decper installations sensitivity is increased significantly (one order of megnitude for similar
collector housing) These findings support recommendations in the NIDEP (1992)1 and DeVitt
et zl. (1937’)2 for optimum soil gas sampling at depths greater than two fest.

Further, the results demenstrate 2 more sensitive soil gas response for sorbents housed '
inside the GORE-SORBER Modules when compered 10 sorbents placed inside the inverted glass ‘
vials. One potential reason for the limited sensitivity to 50il gas collection and detection in the
glass vials includes the elimiration of soil vapor flux past the sorbents in a closed-end container.

In addition, the effect ot water vapor condensation on the inside wall of the glass via] allaws
VOC gases to be dissolved back into the liguid phase, making them unavailable for detection in

the vapor state.

‘Flalg §ampling Procedures sanusl ed 1R, Schocnleber and P.S. Morian, New Jerzsy Deparument of Environmental
Proteczion and En=rzy, J84pp. 1902

IDevin, Dzle A, Evans, Roy B.. Jury, William A, and Stards, Themas H.. Sail Gas Secnsin
quEluﬂg Ogan:r_-s atonal Groendwier Asseciation, Dublin, QH.
WL Geare & Associies

EURE ’ 100 Cleesapendie Blvel, PO, Box 10, Elkton. MD 21922-0010
I Plyone A 074927600 Fax: 410/506-4780

Creative Technolagios I— .
MarTgwice 2 GOSN et BHORE :\III[IH['.R are segdsteres! ademarks of W, 1 Gore 8 Axsciges, lieg,
OISO REER el PETREX ore poplriored service inarka of WL Gore & Assoviales, e
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Installation Depth Guidelines
for

Passive Soil Gas Sampling

The depth of soil gas sample collection can have a significant impact on the success or failure of
a soil gas survey. The following are primary justifications for installing soil gas collectors below
the first foat (1.0 ft.) in the subsurface and preferably to a depth of 2-3 ft. below grade. This
does nat ignore the fact that on certain sites this may be the enly option, such as those with UXO
concerns. On these sites caution should be taken and the following peints should also be

considered when interpreting results:

= lateral migration of soil gases can occur at shaliow depth below concrete, paved
surfaces, packed surface soil or frozen soil, potentially exagerating the lateral
dimensions of a subsurface source {see diagram) and resulting in false positve
informuation.

» poteniial for near surface background contamination/interference from vehicle
exhausi and other ambient air contarmninants.

* potential for shallow soil centamination from surface spills that may interfere with
. the true objective of the investigation.

«  barometric pressure, wind, temperature gradients and temperature flucruaticns near
the surface can cause rapid changes in, or even totally deplete, surface soil gas
availability (see attached).

* biological activity and soil saturation in wet weather are most pronounced in the
upper few inches of the soil profile and can mitigate or block organic vapors.

SURFACE

{Cozcrete, Asphalt er Hord Swily)

BaSSIVT SOIL l;
CAS COLLXCTORS

SOURCE AREA

, . H.OOC
W. L. Gore & Aszociates k. ADEFT

100 Chesapeake Bivd.. PO. Box 10, Elkton, MD 21922.0010
Phone: 410/392-7600 Fax: 410/5064780
Croaia Technaiogies GORITEX noel GORE-SORBEI are reglstered rademarks of W, L. Gaine & Assnciaies, lny,

vkl
GORL-SORNER and PITVHEX arc repimared service imrks ol W, T Gore & Associales, loc.
- T QI RTWWCCH IO T M L. Tm oo ST TEr
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COMPARISON OF PASSIVE SOIL GAS SAMPLING METHODS
USED FOR DELINEATION OF A TCE PLUME
US ARMY CORPS OF ENGINEERS, OMAHA DISTRICT

OBJECTIVE

*  Determine the extent of subsurface impact by TCE, and yield data to support an appropriate site
characterization strategy.

* Compare the effectiveness of bwo different passive soil gas sampling technologies, the GORE-
SORBER? Screening Survey (GSSS) and the EMFLUX® Passive, Non-Invasive Soil-Gas Survey

(EMFLUX).

SITE INFORMATION & SURVEY DESIGN

+ Thesite is an abandened Atlas missile facility in the central plains. Site soils are composed of glacial
tll and loess deposits. Depth to groundwater ranges from 21 to 28 feet, and has a east to southeast
direction of flow. A portion of the site was concrete-paved. At the time of surveys, the upper soil
horizons were frozen. Additionally, soils to the west of the silo were waterlogged and had cceasional
standing water.

= One monitoring well at the site contained TCE. TCE and 1,2-DCE were detected in grab soil and /or
groundwater samples coilected from scil borings east and west of the silo. Vinyl chloride was
detected east of the silo.

* The EMFLUX collectors were installed in accordance with the manufacturer instructions, and

. exposed during a period of favorable earth tides, as predicted by the manufacturer. The GORE-

SORBER® modules were installed as directed by the manufacturer instructions, and exposed for 14
days, in accordance with the client‘s schedule.

RESULTS

* TCE was detected at low levels by both soil gas surveys east of the silo in the vicinity of the
monitoring well. To the west of the silo, where soils were poorly drained and had occasional
standing water, the GSS5 alse reported low levels of TCE. No detectable levels of TCE were reported
in the EMFLUX survey in this area.

* Cis-and trans-1,2-DCE were detected at high levels by the G585, with a similar distribution to that
observed for TCE. EMFLUX reported 1,2-DCE as non-detects at all sample locations.

» Vinyl chloride was detected in high levels by the GSSS at one location with correspondingty elevated
levels of 1,2-DCE. Vinyl chloride data were not reported by the EMFLUX system.

CONCLUSIONS :

* The GSSS provided definition of TCE, 1,2-DCE, and vinyl chloride contamination that was consistent
with the limited soil and groundwater data.

» The levels of TCE, 1,2-DCE and vinyl chloride in soil gas, confirm that natural attenuation is
occurring across the site. This observation is important to the development of subsequent site
sampling and site remediation strategies.

¢ The EMFLUX system did not detect known 1,2-DCE contamination.

* The EMFLUX system did not detect known TCE contamination in the area of poorly drained soils and
occasional standing water wast of the silo.

. EMFLUX is a registered trademark of Quadrel Services, Inc.

W. L. Gore & Associales

EDRE 7 100 Chesapeake Blivd., PO. Box 10, Elkton, MD 21922-0010
’ Phone: 410/392.7600 Fax: 410/506-4780

Cm’mfbmu GORE-TEX and GORE-SORRER are regisiered trademarks af W, L. Gore & Assiviales, .
GORE-SOHBER and PETREX are registered service marks ot W, L. Gore & Associates, Tac.
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DETECTION OF 2.4.6-TRINITROTOLUENE SOIL VAPORS
WITH A GORE-SORBER® SCREENING SURVEY
AT A FORMER SHELL WASHOUT AREA

@ase History

SITE - EN

OBJECTIVE

The objective of this survey was to demonstrate the applicability of GORE-SORBER® Screening Surveys (GSS58) in delineating
the relative distnbution of low volatility. high molecular weight nitroaromatic exptosives in the subsurface. specifically 2.4,6-
triniurotoluene {2.4.6-TNT). These compounds are otten asseciated with the manufacturing of explosives, as weli as the
processing and loading of shells and munitions at military sites. The sludy area was selected because of the known presence of
explosive residues in surface soils and water,

SITE INFORMATION & SURVEY DESIGN

The site 1s a former shelt wash-out area located in the eastern United Sues. A drainage swale leads from the shell washout area
to a iagoen located downgradient. “Pink water” was visually evident in surface waters adjacent (o the lagoon.

Twenty-six {26} GORE-SORBER® Screeming Modules were emplaced within the shell washout area. at a depth of nppmmmmcly
three feet. Each module contained three rephicae sorbers fiiled with Tenax®-TA. The modules were deployed along twa
perpendicular wransects, centered over the outler of the swale. and left exposed for nineizen days.

FIELD RESULTS .

After retrieval. exposed modules were analvzed viathermal desorption / gas chromatography / mass spectroscapy (TINGC/MS)
at Gore’'s laboratary, while replicate samples were aiso analvzed via HPLO/UV (SW846. Method 8130). Results for hoth
metheds are shown in the auached contour maps. 2.4.6-TNT was detected in 12 modules via TINGC/MS., while i was detected
in 10 modules with HPLCAJV. The distnbution of 2.4.6-TNT on the two maps shows the two methods compared favorably in
detecting this compound from the exposed sou vapar modules at this site. The soil vapor resulis also compared favorably with
analyses of soil and surface water samples coliected from the area surveyed. These results are also posted on the attached maps.

. BENCHTOP WORK
Three soil and two surface water samples were also collected from the site for additional laboratory experiments. The objectiva
was [0 more directly identify the efficacy of adsorbing 2.4.6-TNT in the vapor phase and determine the validity of using
TODHGC/MS as a method of desorprion and analysis for this nitroaromatic explosive.

GORE-SORBER® Modules were exposed to the headspace of these samples in sealed conuainers far iwo weeks. Modules were
analyzed via HPLC/UV and via TD/GC/MS wath results for 2.4.6-TNT shown in the table below. Low levels of other
nitroaromatics. especially 2,4- and 2,6-dinivotoluene, were also detected.

The so1l and surface water samples were also found (o comain significant levels of RDX and HMX. These compounds were not
detected in the exposed Screening Modules by either method. This may indicate that these compounds do not have sufficient
vapor pressure to be detected by soil gas technigues.

In summary, sorbers exposed to the headspace of soil and surface water matrix samples contain 2.4,6-TNT in proportion (o the
matrix samples. 2,4.6-TNT detected in Screening Modules using Gore's TD/GC/MS screening method was in good agreement
with analvsis via Method 8330,

Soil or Water Sample Soil or Water Sample Screening Module Screening Module .- "¢
- Identification 8330 LC/UV 8330 LC/UV __IDIGCMS %%
8 2100 mg/kg 31.0pg 10.1 pg
25 290 mgikg 9.2 ug 2.4 ug
is 3600 merkg 14.0 ug 11.9pg
1w 13000 mg/L 220 pg 14.4 pg
2W 0.16 me/L 0.08 ug n.d.
Note: The amount of soil and surface water in the "TD/GT/MS madules” was half of that in n‘re "HPLL/UV modules”,

Tenax is a registered trademark of Buchem, N.V

W, L. Gore & Assaciates

GORE

Craative Tachnoioges
Waorlohwice

101 Lewisville Rd., PO. Box 1100, Elkton, MD 21922-1100
Phone: 410-392-3300  Fax: 410-996-3325

GOHRE-TEX is a registered trademark of W, L Gore & Associates
GORE.50 RBER Screening Survey is a registerad Service mark of W. L Gure & Assaciates
GORE-SORBER is a registered tmdemark of W. L Gore & Associales
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