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1 0  PURPOSE 

This standard OperaMg procedure (SOP) descnbes procedures that will be used at the Rock Flats Enwonmental 

Technology Site (RFETS) to conduct soil gas field survevs or headspace measurements of organic vapors 111 envuonmental 

samples It also provides procedures for dynamic and passive collecnon of soil gas samples to be used m idennfvlng 

volatile organic compounds (VOC) present at Individual Hazardous Substance Sites (MSS) on the Rocky Flats 

Enwonmental Technology Site (RFETS) The requuements for applicanon of these procedures to a given site will be 

specified 111 applicable project plans 

2 0  SCOPE 

This document, which supersedes procedure SOP OPS-GT09 applies to all RMRS personnel and subcontractors 

conducnng soil gas samplmg and field analysa amwnes at the RFETS 

Sod gas samphg and field analysls will be performed at sites identdied m an approved work plan or other work-conuollmg 

document. T ~ E  document defines the personnel quallficanons matenalS and equipment mpmi to perform soil gas 

samplmg, instrument ahbranon requuements, samplmg procedures and the documentation of all field data. 

3 0  REQUIREMENTS 

A R W  or subconuactor represenmve with expenence m soil gas sampling and field analysls will conduct oversight and 

supervision of any field operanons that will provide for the samplmg of soil samples for field gas analysls of volanle organic 

compounds (VOCs) 

Only qualified personnel will be allowed to operate portable gas chromatographs (GCs) or vehicle-mounted GCs 111 mobile 

laboratones R e q u d  qualificmons vary dependmg on the activity to be performed In general, qualificaoons will be 

based on education, previous expenence on-the-job trammg and supervlsion by qualified personnel The subcontractor 5 

project manager will document personnel qualificmons related to thls procedure m the subcontraaors project QA files 

3 I Personnel Oualifications 

Personnel performmg VOC field surveys and/or monitoring with a flame ionlratlon detcctor @ID) or photoionization 

detector @ID) portable vapor meters andor collecnng soil gas samples will be scientrsts engmeers or field technicians 

with appropnate field expenence and tmmng provided under the supervlsion of another qualified person I) 
RHRYOPS PRO I21 W V  0)  
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a 
Personnel perfonnmg these procedures are r e q u d  to have completed the minal40-hour OSHA classroom trammg that 

meets Depamnent of Labor Ftegulatm 29 CFR 1910 120(eX3)(i) and must mmtam a current trammg status bv 

completmg the appropnate 8-hour OSHA refresher courses 

32 
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a 
4 0 PROCEDURES FOR SAMPLING AND FIELD ANALYSIS 

The concenuanon of a VOC m soil gas a a complex funcnon of the dimbution of the organic compound and its mteraction 

with the soil Tha mteracnon depends on a number of soil parameters mcludmg soil panicle sm and mmeralogv so11 

lithology heterogeneay organic conten& molsnue and temperature 

Volanle organic contaminants m soils above the water table (vadose zone) can be present m the gas phase m unsaturated 

pore spaces m the water contamed m the UIlSatlltated sods and sorbed on the soil parhcles The VOC contammanon IS the 

sum of the VOCs contamed m all thne phases The partmomg of the VOC between gas Iiqud, and adsorbed phases IS 

dependent on both the soil propemes and the chemical pro-es of the compound Thus given the chemical properties of 

the VOC and measurements or reasonable eshmates of  relevant sod parameters soil gas data can be used to provide 

semquanutanve estlmates of  the VOC contamlnatlon m soils 

The samphg and analysls o f  soil gas cau be used as a rapid field screemug technique for health and safety evaluations of 

potentnlly c o n t a m d  soils to a d  m the placement o f  momtonng wells to i d e d y  VOCs to evaluate the areal extent of 

sod contammatlon, and to estunate the effectiveness of remedial measuns a 
The samphg and analysa of soil gas can be performed by several Merent methods A field survey of work sites md 

matenals can be performed usmg a portable organ~c vapor meter The field survey provides mformanon on total orgxic 

vapor concentranom u1 the a~ around the work site A more detiuled analysls on the locauon of VOC contammared - ui 

may be accomphshed by perfonnmg field measurements of soil headspace samples Tha technique allows the measurerncnl 

of the total organic vapor concentrimon from a specific soil sample Soil gas samples may also be obtamed by pumpin- 

directly from a probe lnserted m the ground, collechng the gas, and analymg it Thls techmque of m situ soil gas sarn c I IF L 

allows for the identdiamon and quantlficatlon o f  specific volatde organ~c compounds 

This procedure will dscuss the methods used for the followmg types of soil gas surveys 

0 Fieldsurveys 

0 Field measurements of headspace samples 

In Sltll soil gas sampllng 

D y n a m l C  

Passive 

R . P S - P R O  111 (REV01 
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4 1  Field S u r v a  

Field surveys of work sites site actlvitm and site matenah for v o h l e  organic vapors will be accomplshed by using 

d n c t  readmg instruments such as the photoionlEatlon detectot (PID) portable vaptu meter and the flame ionization 

detector (FID) portable vapor meter Field surveys will be UMd as rapld fleld screcnmg techtuques for health and safety 

and for site evalwon before and h g  the excavation of  potcnbally contammat4 sod These procedures may be used 

to rwd m the placement of momtonng wells, and m the evalwon of the Imal extent of sod con€aminatlon 

e 
A factor whch wdl affect toerl orgauc vapor cammaon messrtrarJcnts IS the type of dsactorthat IS used (e g FID b s  

PID) Gtnerally the FID wdl be most qpmpmtc for allpheac hyhcmbom aad cemrn oxyeeatao#t solvents while the PID 

will be mom s c ~ m e  to aromahc and hydrocarbons PID Iimp of ddfhw# xmhtum will respond 

with varymg d q m s  of sensttlvrty to ths same gases, and am s lp i f icdy  aflrscbd by iugb humdtly Generally the FID 

response IS lwaportlonal to the nutuber of crrbarphydmgen bonds, and cat, thedim, be lLIcd to sstrnsatc concentrations tlt 

total hydrocarbons 
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4 Record observanons PID and/or FID measurements source locanon and descnption date tune weather 

sample ID operator and other pertuient uifonnation m the field log book Perform routme maintenance as 

descnbed m detail m the OperaMg manual Clean the sample probe andior m lme filters (m flont of detector) 

when high background readlngs are exhibited after prolonged use Use of p~pe cleaners or clean au blown 

backward through filters is normally adequate Do =use organic solvents 

I 

4 2 Field Measurements of  Headsoace SamDkS 

The field analysls of  soils for orgmc vapors can be enhanced by obtamng a sample of  contammated soil placmg the soil 

sample m a confined space and allowmg vohhzaaon o f  orgmc compounds, followed by collmon of  a sample of the au 

space above the soil sample T~LS ls refemd to as headspace analysls and IS accomphshed by half fillmg a sample contamer 

wah a sod sample to be analyzed VOCs present m the sod pores wdl &fTw mto the remmmg unfilled au space withm 

the contamer Physical charamnstlcs of  the sod (e g temperawe gram SEX molSaue content, organic carbon content) 

may have a sigdicant effect on the headspace analysis results and, therefore estimates of these parameters should be 

recorded at the me the measurement IS taken I f  a PID or FID IS used for the headspace analysis record the results on the 

I 

appropriate forms Form PRO 121A or PRO 121B a 
Headspace analyses are useful m that they can prowde real me data to a d  m sod removal opemons where decisions 

regarding the extent of soil excavation and ~ts dsposal must be determmed on-site In addmon headspace analvses of soils 

encountered dunng lnvesngations can be screened for health and safety purposes 

4 2 1  Equrpment 

The followmg equipment will be requved to collect headspace samples and conduct soil gas field analvsis 

0 Portable PlDm FID 

Cahbraum gas standards of known concenmhon as specified m SOP FO 15 

Photoionmmon Detectors (PUIS) and Flame Ionlzanon Detectors (FIDs) 

Split spoon sampler hand auger, or push type soil sampler (GeoprobeQD or equivalent equipment) 

Wide-moua sample jars with screw-cap lids 

0 

0 

0 Alummum foil 

4 2 2 Instrument Cahbration and Opation 

e PIDs and/or FIDs will be used III complmce with the procedures conmed m SOP FO 15 Photolonuation Detectors and 

RHRSKIPS-PRO 111 (REV 0) 
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a - 
Flame Ionlpltlon DetectoR lnstnrment operahod and cahbrahon rrquvemento will comply with the manufacture 

recommendatms (Xbrat~on of lnsmunents mvolvcd m soil gas analysis shaU occur at the b e g ~ ~ m g  of each workmg hay 

and, after thas ConMUmg calibration v d c a h o n  shall be pcrfmed every cqght hours or after a batch of 20 samples 

whchever IS more fkque~~t. 

A factor whcb will affect total orgamc v a p m c o n c e n t r a t o n m ~ c n t s  IS the typeofdetector whrch IS used@ g FID vs 

PID), see Subsection 4 1 1 for dwcuosron 

2 Let the sampk s t  for I how at ambient temperature befm talung a mdmg If the sampk IS collected dunng cold 

weather when ambtart tempcmtum am below 25OC or if more mmedmte mdts are desired, d# volauluation 

process should be accelerated by pkmgthe contamer mto a warm ea- such as near a vehick’s au heater 
or m a wmm-water (70° F) bath forclppnwtrmately 30 mmutes 
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In situ soil gas samples can be collected by dynamic or passive methods Dvnamic soil gas samplmg involves extractmg a 

volume of soil gas from the ground and analymg the sample A hollow probe with a retractable pomt can be dnven mto 

the ground, and the soil gas sample withdrawn with a vacuum extracnon pump The major advantages of  dvnamic soil gas 

tesnng are rapid data availability and the ability to distmguish between soil and groundwater contammation sources bv 

vernal soil gas profilmg 

Passive sod gas samplmg generally mvolves unplanmg adsorpuon dewces m the shallow surface soil and allowmg them to 

adsorb VOC vapors h m  the soil for a penod of  davs or weeks Af'ter exposure the dewces are dug out and sent to a 

laboratory for analysts Thts samplmg methodology is probably the least expensive but requm a considerable amount of 
m e  and IS less v d e  than dynamic samplmg methods 

Pertinent slte-specfic and compound-spec& facton which mfluence the collection and mtexprctanon of  soil gas are 

reqrured to be idcnufied and evaluated m order to develop a comprehensive samphg program 

Samphg along an estabhhed gnd 1s recommended at sites where the source(s) or general onentanon of a subsurface plume 

are uuknown Where data are avculable whch idennfy the source areas or plume charactenstlcs deheauon of  contammant 

edges is most effmvely achieved by estabhhmg a transect parallel to the duechon of groundwater flow and samplmg 

outward from the suspected source Soil gas probes should not be located less than 50 feet apart because the resolunon of 

most sod gas detectlon techques can be exceeded. 

In order to effecnvely design the soil gas surveys and mterpret the results the subsurface transport and fate of VOCs should 

be considered n e s e  factors can have a sigdicant effect on the presence and conmuanon of VOCs m the soil 

atmosphere Both physical and microbiological processes can mfluence soil gas mvesttganons 

Pamnonmg of the contaminant between gaseous and aqueous phases IS the physical process that permits contammants 

m e d  with water below the surface to be detected m soil gas The ar-water pamnonmg coefficient can be dependent on 

both the vapor pressun and aqueous solubihy of  a compound Generally low molecular weight organic compounds (I e 

hydmcarbons halogenated hydrocarbons and ketones) are most readily detected m soil gas Compounds possessmg vapor 

pressures less than 1 mm Hg at 25OC will probably not be detected m soil gas Vapor pressures provide an estunate of the 

d m i o n  coefficient and, thus the mobdity ' of  the compound m the gas phase 

Soll gas analyses are highly quanntatlve and speclfic for mdividual compounds, but the extrapohon to groundwater 

contamlnant ConcenWaQons are not quanQtative Soil gas measurements usually represent an m d m  measure of  the 

parameter of lnterest (eg groundwater plumes extractable hydrocarbon Eoncenmons m soil sources of subsurface 0 
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leaks) Vanables such as geology soil molsnuc content, and the au-wam-pmmmg coefficient of the particular 

contammant all affect the mlatlonshlp between soil gas concfflflglons and growdacata corrtammun concenmons Water 

either m the vadose m e  (I e very wet clay or a perched water zone) or m thesatumed zone (a amtammated m e  below 

clean water) IS the majot unpcduncnt to vapor movement. Soil gas tedmqta an relamely m e f f m  fbr confined 

aquifers or soils o v h  by strata that are rmpameable to gas 

4 3 1 1  S o d G a s R o b e ~  
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probe at least 2 feet deeper than the augered depth 

The followmg procedures applv when collecting soil gas samples 

1 Clear the locanon(s) to be sampled for unlities cables pipes etc accordmg to the procedures in SOP 

RMRS/OPS-PRO 102 Borehole Clcanng Clear the surface area to be sampled of grass leaves and debns 

2 Usmg a manual or mechanical dnver dnve a cleanddecontammued probe with dnve pipe@) as needed. into 

the ground to the des& depth (mmmum IS usually 3 feet) Probes placed m augured boreholes should be 
dnven at least 2 feet deeper than the augured depth If refusal occurs sigdicantly before the samplmg depth 

IS reached, remove the probe Clear another samplmg pomt withm 1 foot of the fm pomt and dnve a clean 

probe a g ~  If refusaI  occur^ another site Should be ~eleaed and cleared accordrng to SOP/OPS-PRO I02 

3 Once the samphg depth IS reached, an enuy on the Sod Gas Survey Form (Form PRO 121D) and the Soil 

Gas S w e y  Map (Form PRO 121C) will be made denotmg the depth me and locanon of the sample The 

probe wdl then be hfkd 6 mches or as required for the tool bemg used, to expose the alr samplmg slots in the 

remaable dnve pomt 

4 Attach the gas-samplmg cap with tubmg to the top o f  the proWdnvmg pipes 

5 Connect adapter tubmg to the vacuum gauge on the low-pressure side of the vacuum pump An m line liquid 

trap programmable mass flow conlroller equipped with a solenoid valve and m e r  are very useful addition\ 

but are not r e q u d  

6 Run the vacuum pump before sample collmon to purge the system and @lace the ambient alr in the to11 

gas prove dnve pipe(s) and tubmg The purge volume IS calculated accordrng to the probe manufacrm\ 

recommendanom 

7 Purge the probe and silicone rubber tube connectmg system The vacuum gauge mstalled on the low pressure 

side of the vacuum pump will be used to evaluate whether a representative soil  gas sample can be u ithrirJu p 

hrn the subsurface Generally if  the applied vacuum exceeds 12 mches of mercury the soil IS either u d k r  

satluated or does not have a sufficient au filled porosity to produce a meanmgfid sample 

8 Collect samples h m  the tubmg/manifold on the low pressure side of the vacuum pump 

RMlWoPS PRO 121 (REVO) 
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9 Record the m e  the vacuum pump IS o p e d  before sample collecaOn, and the pnssurr mdmg (vacuum 

gauge) of gas m the soil gas probe lure at the m e  of samplmg 

4 3  13 SampkCoUectlonfaLabommyAdysis 
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The bag will then be dEconnected sealed, and transported to the laboratom for anaivsis 

2 To collect a sample by adsorpnon m e n  a Tenax@ trap or other sampler mto the sample chamber and attach It 

to the manifold after the probe and adapter svstem have been purged Diven soil gas flow through the sample 

chamber Record flow pressure elapsed tune and volume of flow if mass flow controller is used 

I 

4 3 1 4 Sample Collechon for Field Gas Chromatographic Analysts 

An alumanve grab samphg technique nqulres soil gas to be pumped through the soil probe collected with a synnge and 

unmcxlmtely mjected mto a field gas chromatograph or a gas chromatograph located near the samplmg site Thls method 

allows for real-me results, and 1s pamcularly useful 

me gas c h a t o g r a p h  will be operated accordmg to the manutkchue mmuchous, will requvc a power source and an 

enclosed area, appropnate calibration gas standards and requlred equipment to perform the calibrahon and appropnate 

samples contamers and septums 

Samples are collected with a glass synnge by memng the svnnge mto the extrachon h e  near the top of the soil gas probe 

(mtake side o f  the pump) 

0 

Specdic analyhcal method cahbrahon procedures standards concentrahons, detectors temperature programs etc are 

dependent on the method o f  analysts and analytes of merest Specific analytical methods and procedures will be detailed m 

applicable project work plans 

4 3 2 Passive Sampling 

While other passive techmques may be avsulable this procedurc 1s directed toward the use of  Petrexa tubes as the 

representahve techmque smce thelr utdity has been demonstrated m past studies at WETS The PerrexQD passive sampling 

technique 1s a drrect method for frappmg and rdennfymg W s  emananng fiom either soil (vadose zone) or groundwater 

contammated locanons The collector conslsfs of highly sensitive sorbents (such as acnvated charcoal) chemically fused to 

the np o f  a wue The collectors arc arrayed, generally III a gnd pattern throughout the survey site normally at a depth ot 

approxlmately 1 foot (see Figure PRO 121 1) The collectors reside for a measured p o d ,  which can range up to 30 dabs 

to assure tune mtcgmnve gas collectlon (as opposed to lnstantancous collectlon with grab samples) The collectors are 

remeved followmg the hme mtegranvc collemon pcnod, and are then sent to a laboratory for analysis by mass 

spectrometry 

RMwoPs-Pno 121 (REV 0)  
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The most cnncal aspect of collector placement IS to prevent exposmg thc collector to conmlnants other than those in the 

soil gas The hp and mside of the tube cap and cap h e r  must not contact any contammts The tubes must be stored in a 

clean area away h m  contammts, and nmk or sunilar protective gloves should be wom when handlmg the collectors 

4 3 2 I Installanon and Collecaon Rocedures 

1 Clear the s- are8 to be sampitd for shallow uahhes, cab& pipes, etc (follow SOP/OPS-PRO 102 if 

necessary) Clear the -to be sampled of grass leaves or- be auef1.11 not to walk or dnve over the 

area. 

2 

3 

5 Mark the sample locsaoa wah n.pnmPorotbertype oflocator Notethesampk locaaon on abase map and 

enter mfonnatm 011 Form PRO lZC,  and m a field not&dt. 

b) Take the cap &om serled plpstlc bag Check forthe bhck her rnnde the cap If the lmer has tallrn 

anplacen 
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d) Wipe off the tube and threads thoroughly with a clean, dry cloth I f  the tube heads and lip are not 

properly cleaned, the cap will not seal and the sample wll bccome contammated 

e) Seal the tube wth a cap makmg sun the bbck lmer IS seatdtothe mbe &p I f  the cap does not 

thresdmsdy useadt&nntcap C a p m u s t b e s e c r l c d ~ a g m s t l m c r  

Quality Assuramce (QA) and Quaky Conaol (QC) WIVIWS wlll be accompilshed accordmg to the p.o~ca--specific VUJ' 

Assurance Addendum (QM) 
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0 Venticanon - Venficanon actwines are requlred for the above practices uicluduig surveillance and penodic 

record audits These activities will be documented and become part of the completed project records 

5 1  OAQC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of ahbranon, method blanks rephcates etc are dependent upon project Data Quality ObjecaveS @QOs) and 

must be addressed m the project-specific Qual~ty Assurance Addendum (QAA) Calibranon of instruments mvolved III soil 

gas analysls shall occur at the bcgmmg of each w o h g  day and, after that, coamumg a h w o n  venficaaon shall be 

performed every eight hours or after a batch of 20 samples whichever IS more Ikpent. Sod gas analysis should address an 

adequate level of preclsion Sod gas preclsion values for analysls of duplicate samples can ex& a relanve percent 

difference of 40 percent. R e h v e  percent Merence values for duplicate samples will be wittun the 40% range unless stated 

othemise m the project specific work plan 

6 0  DOCUMENTATION 

For each sod gas locanon, a permanent record of the unplemenmon of thls SOP will be kept by documentmg field 

observanons and data Obsewat~ons and data will be recorded wlth black watepmf (permanent) mk on the attached 

forms the Photoionuatlon Detector Field Data Form (Form PRO 121A) the Flame Ioluranon Field Data Form (Form 

PRO 121B) the Sod Gas Survey Map (Form PRO 121C), and the Sod Gas Survey Form (Form PRO 121D) Observations 

may also be documented m a bound weatherproof field notebook with consecutlvely numbered pages This mformation 

will mclude the followmg 

e 

Sampler's name (form) 

Date and m e  of sample collection (form) 

Samplmg idenmicanon (form) 

Weather con&Qons (notebook) 

Samphg depth (form) 

Dnvmg charactensncs of the soil probe (notebook) 

Descnpnon of the surface features ( h a g e  facilities etc ) soils any contammauon noted, and 

trenches or any other feature that may unpact the soil gas measurement (notebook) 

Vacuum pressure when extracting a sample (form) 

Type of sample (gas liquid, or m u d )  (form) 

Compounds and concmaatlon of the organics measured on the GC and any replicate or blank 

RMRYOPS-PRO 121 (REVO) 
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7 2  INTERNALREFERENCES 

Related SOPS cross referenced by thls SOP arc as follows e 
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0 

0 
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0 

SOP RMRS/OPS-PRO 069 Contammg, Reservmg Handlmg and % i p g  Soil and Water Samples 

SOP RMRS/OP!j-PRO 102 Borehole Cleanng 

SOP RMRS/OPS-PRO 127 Field Decontamrneaon opewlons 

SOP FO 15 Photomnmit~on De?ec&m and Flame Iontmrtlon Derccton 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SOTE FORM PRO 121A (REV 0) 

PHOTOIONIZATION DETECTOR FIELD DATA FORM 

~ ~~~ 

Comments 

I I I I I I I I 

Accmtance Codes A-Acceptable R Reconnamance U Unacceptable N-Not Dacnnmcd 

Locanon Types SB - Sample Bottle Observed R d m g  
BH - Borehole SL SurfaceLocatlon DH Downhole BZ-BrrathmgZone 
TP Test Pit WL Well HS Headspace D DunngDnllmg 
SS - Soil Samule OT - other OT 0th 
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ROCKY FLATS ENVIROFlMENTU TECHNOLOGY SFfE FORM PRO 121B (REV 0) 

FLAME IONIZATION DETECTOR FIELD DATA FORM 

FLAME IONIZATION DETECTOR FIELD DATA 

Facility Code Log Date 
Locanon ID LacaoonType 

Logger Code FieM Rep 
Flame Iorytabon Detector Instrumeat: Senal No 
Maw€&chuer Model 

D a t d r l m e c a l i ~  A-- 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE FORM PRO 121C (REV 0) 

SOIL GAS SURVEY MAP 

ou vo IHSS No Date 

Sample Team Members 

1 

GRID BLOCK 

2 

4 

Coordurates 1 2 

7 8 

data 
Completed By 

PnaNII.. SCP-- 

C u h n p r a c t o r  



SOIL GAS SAMPLING AND FIELD ANALYSIS RMRSIOPS PRO I2 I 
Revision 0 

Date Effective 02/! 5199 
Page 24of 24 

ROCKY FLATS DENVIRONMENTAL TECHNOLOGY SITE FORM PRO 121D (REV 0)  

SOIL GAS SURVEY FORM 


