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1. INTRO DUCTIO N

ThisW ork Plan sum m arizesgroundwaterm onitoring activitiesto beperform ed forthe
groundwaterM onitored NaturalAttenuation monitoring program fortheform erDelphi
Battery Facility (Site),in Anaheim ,California(Figure1). Thisgroundwaterm onitoring plan
ispartoftheCorrective M easuresProposal(CM P)thathasbeen prepared by Haley &
Aldrich,Inc.(Haley & Aldrich),asrequested by theCaliforniaEnvironm entalProtection
Agency Departm entofToxicSubstancesControl(DTSC)Tiered Permitting Corrective
Action Branch ,underCorrectiveAction ConsentAgreem ent(CACA)to adequately
characterizeSiteconditions,assesspotentialrisksto hum an health and theenvironm ent,and
rem ediatethe Siteforcom m ercial/industrialredevelopm ent. Groundwaterm onitoring has
occurred attheSitesince2005 when twelveperm anentwellswereinstalled aspartofthe
CurrentConditionsand Facility Investigation assessment. Sem i-annualm onitoring is
proposed with eventsin Septem berand M arch. Thesesam pling eventsarediscussed in
Section 2.

ThisW ork Plan identifiesthegroundwaterm onitoring wellsthatwillbesam pled and the
chem icalsthatwillbeanalyzed forduring each m onitoring event. Thefollowing sectionsof
thisW ork Plan presentSitebackground inform ation,theproposed groundwaterm onitoring
program ,and reporting.

1.1 SiteBackground

1.1.1 SiteDescription

The Siteconsistsofapproxim ately 22+ acreslocatedat1201 North M agnoliaAvenue
in acom m ercial/industrialsection oftheCity ofAnaheim ,OrangeCounty,California
(Figure1). Priorto the2005 decom missioning and plantdem olition,theSite
included thefollowing:

n M ain Production Building,

n South Building (New ChargeBuilding),

n Threewarehouses(W arehousesNo.1,No.2 and No.3),

n Railroad siding,

n W asteW aterTreatm entUnit,

n Storm W aterRetention Basin,aswellas,

n Num erousasphaltorconcretepaved areasoutsidethebuildings.

The Siteisarelatively flatrectangularproperty with frontagealong M agnolia
Avenue. TheareaoftheM ain Production Building wasapproxim ately 187,000
squarefeet,with sm allerproduction and storagebuildingspresentto thesouth and
west.
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1.1.2 H istory

A review ofhistoricalaerialphotographsand topographicm apsindicatesthatpriorto
construction ofthebattery m anufacturing facility.The Sitewasagriculturaland likely
used asan orangegrove. Theoriginalbuilding wasconstructed in 1953 by Delco-
Rem y,aDivision ofGeneralM otors,fortheproduction ofautom otivebatteries. A
review ofpreviousenvironm entalreportsindicatesthatadditionalm ajoron-Site
construction activitiesalso occurred in 1963,1974,and 1977 forawarehouseand
production linebuildings.

DelphiCorporation (Delphi)hasentered into aCorrectiveAction ConsentAgreem ent
(CACA)(No.SRPD05/06SCC-4344)with theCaliforniaDepartm entofToxic
SubstanceControl(DTSC). TheCACA relatesto thirteen solid wastem anagem ent
units(SW M Us)and 53 AreasofConcern (AOIs)identified during investigations
perform ed forPhaseIEnvironm entalSiteAssessm ent(ESA),CurrentConditions
Report(CCR)and Facility Investigation (FI)perform ed by Haley and Aldrich and
others at1201 NorthM agnoliaAvenue,Anaheim ,California(theSite). Atthe
required by theCACA issued by DTSC,Delphiissubm itting thisCorrective
M easuresProposal(CM P)to DTSC.

AspartoftheCCIand FI,twelve2-inch-diam eterSchedule40 PVC m onitoring wells
wereinstalled attheSitebetween August2005 and July 2006. M onitoring wells
(M W -1,-2,-3,-4,-5,-6,-7,-8,-8D -9,-10,-11)wereinstalled. Eleven wellswere
advanced to between 41 and 48 feetbgsand constructed with 15 feetof0.010 slot
wellscreen. Onedeep well,M W -8D,wasscreened from approxim ately 73.75 to
78.75 feetbgsto evaluategroundwaterquality atdepth in theaquifer. Thewell
construction detailsarepresented in Table1.

Thewellsweresampled on 17 August2005,3 February 2006,and 17 July 2006 and
thesam plessubmitted forlaboratory testing. Depth to groundwaterwasreported
between 21 and 27 feetbgsand thedirection offlow wasin awesterly direction.

Groundwatersam pleswereanalyzed by oneorm oreofthefollowing EPA M ethods:

n VOCsby EPA M ethod 8260B

n CAM -17 M etalsby EPA M ethod 6010B/7470A

n pH by EPA M ethod 150.1

1.1.3 G eology

Soilson thesitehavebeen observed to beinterbedded alluvialdeposits. Theupper
m ostsoil,ground surfaceto 10 feetdeep,on theSiteconsistsofsilty sand,sand,
sandy siltand silt. Discretebedsofsilty clay to clayey siltwerenoted at7 feet,15
feetand 22 feetbelow theground surfacein borings. Silty sandsaretheprim ary soil
typesatotherintervals. Thesurficialsoilsweregenerally described asdry to slightly
m oist,variousshadesofbrown looseto denseforsandsand softto hard forsiltsand
clays. From approxim ately 23 to 78 feetthesoilisprim arily poorly graded fineto
m edium sand although siltbed wereencountered from 33 to 35 feetand at78 feet.
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1.1.4 H ydrogeology

Groundwaterwasencountered atapproxim ately 21 to 27 feetbgsbeneath theSite
during the2005-2006 investigation activities. Groundwaterflow isin asouthwesterly
direction beneath theSiteatapproxim ately 0.0008 ft/ftbased on m easurem entsfrom
onsitewells(Haley & Aldrich,2006).

1.2 H istoricalG roundwaterM onitoring Events

Groundwaterinvestigationsbegan in August2005. Sincethattim e,12 perm anent
groundwaterm onitoring wellshavebeen installed,both on and offtheSite(Figure2).
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2. PRO PO SED G RO UNDW ATER M O NITO RING PRO G RAM

Thefollowing sectionspresenttheproposed M NA groundwatermonitoring program .

2.1 H ealth and Safety

Thework willbeperform ed undera Site-specificHealth and Safety Plan (HASP)in
accordancewith OccupationalSafety and Health Adm inistration (OSHA)requirem ents. The
existing HASP fortheSitewillbeused by field staffduring field activities.

2.2 Sem i-AnnualM onitoring Events

The M NA monitoring program consistsofthefollowing sampling events:

n Sem i-annualm onitoring of14 groundwaterwells;

n Sam pling in Septemberand M arch ofeach yearforthreeyears;and

n Preparation ofsem i-annualreportsfollowing each monitoring event.

2.3 New G roundwaterM onitoring W ells

Two new wellsM W -12 and M W -13 willbeinstalled along Knollwood Circle,south of
existing wellM W -10. Onewellwillbeinstalled nearthesuspected coreoftheplum eand
onewellwillbeinstalled farthersouth to provedowngradientdelineateofleading edgeofthe
plum e. Thewellswillbeinstalled asdual-zonewellsto m onitorshallow and deeperintervals
in theshallow aquifer.

W ellswillbeinstalled using ahollow-stem augerdrilling rig by licensed wellinstallation
contractor. W ellswillbeconstructed in accordancewith applicableCaliforniaDepartm entof
W ater ResourcesW ellStandardsusing 2-inch diam eter,0.01-inch slotted casing and No.2
sand. W ellswillbeconstructed with onescreened intervalsetatapproxim ate33-23 feetbgs
and adeeperscreened intervalsetatapproxim ately 60-50 feetbgs. Actualdepthsm ay vary
depending on soillithologiesidentified during wellconstruction. Iflow perm eability layers
areidentified thescreened intervalswillbesetbeginning atthetop ofthelow perm eability
layerand thescreen shortened to 5 feet,ifappropriatebased on lithologies. Bentoniteseals
willbeplaced acrossany significantlow perm eabilitylayersnotcrossed by wellscreens.

Thewellswillbedeveloped in accordancewith theStandard Operating Procedureincluded in
Appendix A.

2.4 G roundwaterM onitoring M ethodology

Thegroundwaterm onitoring m ethodology addresseshealth and safety,groundwater
m onitoring and sam pling,and surfacewatersam pling. The m ethodology isdescribed below.

2.4.1 Fieldwork – G roundwaterM onitoring and Sam pling

TheDTSC willbenotified atleastoneweek befoream onitoring eventbegins. The
following activitieswillbeperform ed during an event.
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2.4.1.1 W aterLevelGauging

Priorto collecting groundwatersamplesdepth to groundwaterwillbe
m easured in each wellto thenearestone-hundredth ofafootusing an
electronicwaterlevelindicatororfree-productinterfaceprobefrom afixed
pointon thewell. Theequipm entwillbedecontaminated between each
m onitoring well. Datafrom thewellgauging willberecorded in the
GroundwaterSam pling Log sheet(Appendix B). To theextentpossible,the
groundwaterm onitoring wellswillbegauged within asingle24-hourperiod
with thesam eelectronicwaterlevelindicator.

2.4.1.2 W ellPurging and Sam pling

Groundwaterm onitoring wellswillbesam pled in orderofincreasing
contam inantconcentrationsbased on theresultsofthepreviousevent.

Thewellspurged using alow-flow purging m ethodology in accordancewith
theStandard Operating Procedureincluded in Appendix C.

M icropurgeand sam pling willconsistofthefollowing:

n A pneum aticbladderpum p orperistalticpum p and “dedicated” tubing
willbeused to purgeand sam pleeach m onitoring well.

n Thepum p intakeorthebottom oftheperistalticpum p tubing willbe
setatadepth approxim ately in thecenterofthemonitoring well’s
screened interval.

n The m onitoring wellwillbepurged atapum ping rateof200 to 400
m illilitersperminute(m l/m in)(i.e.,0.05 to 0.11 gallonsperm inute
[gpm ]),and to theextentpossible,m aintaining lessthan 1.0 ftof
drawdown during thepurging operation.

n W hilepurging them onitoring well,waterquality indicatorparam eters
willbe m easured every 3 to 5 m inutes,using aflow-through cellora
hand held device,and recorded on aGroundwaterSam pling Data
Sheet(Appendix B).Purging willbecom pletewhen a m inimum of
threecasing volum eshavebeen rem oved,and two consecutive
m easurem entsofthewaterquality param etershavestabilized to the
valueslisted aboveforthem icropurgesampling m ethod.

n Purging willcontinue,ifappropriate,untiltheparam etershave
stabilized forthreesuccessive m easurem entsto thefollowing values:

- Turbidity ± 10% ,with finalreading lessthan 10
nephelom etricturbidity units(NTU)

- SpecificConductance± 3%

- pH ± 0.1

- Dissolved Oxygen (DO)± 10%

– Oxidation reduction potential(ORP)± 10 m illivolts

- Tem perature± 1 degreeCelsius

n Purging willbecontinued untiltheparam etersstabilizeforthree



6

consecutivem easurem ents.

n Alternatively,purging willbecom pletewhen avolumeequivalentto a
m inim um ofthreecasing volum eshasbeen rem oved,oruntilthree
wellscreen volum es(defined asthewetted wellscreen 5 feetabove
and below thepum p intake)havebeen purged from thewell,
whicheveroccursfirst.

Thethree-casing volum epurge/sam pling m ethod consistsofthefollowing:

n Thewellwillbepurged atapum ping rateof0.5 to 2gpm ,using the
existing extraction pum p,and thewaterlevelin theextraction well
willbemonitored. Thepum ping ratewillbeadjusted to ensure,to
theextentpossible,thatthewaterleveldoesnotdrop m orethan 1.0 ft
in theextraction wellsscreened acrossthewatertable. For
m onitoring wellsfully screened below thestaticwatertable,the
pum ping ratewillbeadjusted to minim izethepotentialforthewater
levelto drop below thetop ofthescreened interval,thuspreventing
groundwaterfrom cascading down theinteriorsidewallsofthewell
casing.

n Ifparam etersdo notstabilizeafterrem oving fivewetted casing
volum es,purging willbeconsidered com pleteand thegroundwater
sam plewillbecollected.

n Atcom pletion ofpurging,thepum p dischargetubewillbe
disconnected from theflow-through cell(ifused),thepum ping rate
willbedecreased to lessthan 0.1 gpm ,and thepum p dischargewill
beused to fillthelaboratory-supplied samplecontainers.

n Atcom pletion ofpurging,thepum p dischargetubewillbe
disconnected from theflow-through cell(ifused)and thepum p
dischargewillbeused to fillthelaboratory-supplied sam ple
containers.

2.4.1.3 AnalyticalTesting

Collected groundwatersam pleswillbestored on icein acoolerand
transported to aCalifornia-certified analyticallaboratory foranalysisunder
properchain ofcustody. Chain ofcustody form sand procedureswillbe
m aintained throughoutsam plecollection and transport. Theappropriatechain
ofcustody inform ation willalso beelectronically uploaded to theproject
database. Field datawillbecollected and recorded theGroundwater
Sam pling Log sheet(Appendix B).Theproposed sampling and analytical
testing foreach wellissumm arized below:

Thewellsproposed forfield m onitoring and groundwaterquality analyses
includethefollowing:

M W -1

M W -2

M W -3
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M W -5

M W -6

M W -7

M W -8 Shallow

M W -9

M W -10

M W -12 Shallow

M W -12 Deep

M W -13 Shallow

M W -13 Deep

Param etersto bemonitored in thefield during purging include:

Conductivity;

OxidationReduction Potential(ORP);

Dissolved oxygen (DO);

Tem perature;

Turbidity;and

pH.

Groundwaterquality analysiswillinclude:

VolatileOrganicCom pounds(extended range)by EPA M ethod
8260B;

Thewellsproposed forM NA testing include:

M W -1

M W -3

M W -7

M W -8 Shallow

M W -10

M W -12 Shallow

M W -12 Deep

M W -13 Shallow
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M W -13 Deep

Theproposed M NA param etersto be m onitored to evaluateNatural
Attenuation processesoftheVOCsinclude:

TotalOrganicCarbon (TOC)by EPA M ethod 415.1;(During first
event);

BiologicalOxygen Dem and (BOD)@ 20oC by EPA M ethod 405.1;

Calcium ,Potassium and Sodium by EPA M ethod 6010B;

M anganeseby EPA M ethod 3010/200;

FerrousIron (Fe+ 2)by EPA M ethod 6010B;

Sulfate(SO4
-2)by EPA M ethod 375.4

Sulfideby EPA M ethod 376.2;

Nitrateby EPA M ethod 352.1;

Nitriteby EPA M ethod 354.1;

Chlorideby EPA M ethod 325.3;

Ethene,Ethane,M ethaneand Carbon Dioxideby EPA M ethod RSK-
SOP-175;

The Standard Operating Procedureforperform ing M NA isincluded in
Appendix D. OtherpotentialM NA param etersthatcould beanalyzed,if
appropriate,and preservation m ethod and testm ethodsaresumm arized in
Table2.

2.5 Q uality Assurance/Q uality Control

2.5.1 DuplicateSam ples

Oneduplicategroundwatersam plewillbecollected forapproxim ately every 20
groundwatersam plesto assesslaboratory precision with am inim um ofoneduplicate
sam plecollected perevent. Duplicateswillbecollected,num bered,packaged,and
sealed in thesam e m annerastheothersamples. Duplicateswillbeassigned separate
sam plenum bersand subm itted blind to thelaboratory. Duplicatesam pleswillbe
analyzed using thefollowing EPA m ethods:

VOCsby EPA M ethod 8260B

2.5.2 Equipm entRinsateBlanks

Oneequipm entrinsateblank (ERB)sam plewillbecollected priorto initiation of
sam pling activitiesasacheck forcross-contam inationduring sam plecollection,or
afterdecontam ination following sam pling ofawellwith significantim pactsrelativeto
otherwellsbeing sam pled. Rinsateblanks m ay notbecollected ifdedicated
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equipm entisused and theneed forequipm entblank sam plesisunnecessary.
Deionized waterwillbeused to fillorrinsethesam pling equipm entafterthe
equipm enthasbeen cleaned,then therinsewaterwillbecollected in appropriate
sam plecontainers. Theequipm entrinsateblankswillbeanalyzed using thefollowing
EPA m ethods:

VOCsby EPA M ethod 8260B

2.5.3 TravelBlanks

Onetravelblank willbeprepared in thelaboratory foreach day thatgroundwater
sam plesarecollected and shipped to thelaboratory (an estim ated two sam plesper
event). Thetravelblankswillbeprepared by thelaboratory in aclean environm ent
and keptin thecoolerused to ship sam ples. Thetravelblank providesacheck for
cross-contam ination during transportand willbeanalyzed forVOCsby EPA M ethod
8260B.

2.5.4 Data Review

Analyticaldatapresented in laboratory reportswillalso bereceived electronically
from aCalifornia-certified environm entallaboratory. Haley & Aldrich willreview
theelectronicanalyticaldatapresented forconsistency with actuallaboratory reports
provided by thelaboratory.

2.6 Decontam ination

Equipm entused forwellm onitoring,purging,and sam pling willbecleaned priorto and
between sam pling each groundwatermonitoring wellwith an Alconox solution (or
equivalent),then double-rinsed with tap waterand deionized (ordistilled)waterto reducethe
potentialforcross-contamination.

2.7 W asteM anagem ent

W ellpurgewaterand waterused to decontaminateequipm entwillbestored in properly
labeled 55-gallon drum s,and stored on-Sitepending disposal. Thestored waterwillbe
properly m anifested and disposed ofatperm itted TSDF.
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3. G RO UNDW ATER M O NITO RING REPO RTS

Groundwaterm onitoring reportsfortheannualand sem iannualsam pling eventswillcontain
thefollowing:

n Groundwaterelevation contourm aps

n Tabulated analyticaldata

n Groundwatercontourm apsfor1,1-DCA,1,2-DCA and 1,1-DCE

n Groundwatersam pling form sand field notesdocum enting field activities

n Laboratory reportsand chain ofcustody docum entation

n Resultsofthequarterly surfacewatersam pling events

n Appropriatedescriptionsofthesampling event,testresults,discussion,and
conclusionsregarding waterquality and hydrogeologicchangesattheSite

n Discussion ofchangesin Siteorwellconditionsthatm ightaffectfuturesam pling
events

Reportsfrom theannualand semiannualeventswillbesubmitted to theDTSC approxim ately
30 daysafterthereceiptoflaboratory resultsfrom each sam pling event. Theresultsfrom the
quarterly surfacewatersam pling eventswillbepresented in thesubsequentannualand
sem iannualreports. W ith theannualand sem iannualm onitoring eventsoccurring in M arch
and Septem berreportswillbeprovided to theDTSC by 31 M ay and 30 Novem berofeach
year.
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4. ADDITIO NAL REM EDIAL ACTIVITIES

Groundwaterquality m onitoring datawillbeevaluated to determ ineifthegroundwaterquality
isim proving dueto naturalattenuation.

Ifevaluation oflong-term m onitoring groundwaterquality dataindicatesthatnatural
attenuation isnotoccurring atareasonableratedueto site-specificconditionsthen additional
evaluation m ay beperform ed to evaluatealternativesto increasetherateofdegradation and/or
rem oveVOCsfrom thegroundwater. Oneorm orealternativesm ay beim plem ented to
enhancedegradation orremoveVOCsfrom groundwaterto obtain groundwaterquality goals
acceptableto the State.Theadditionalrem edialoptionsto addressgroundwatercould include:

Chem icalinjection ofhydrogen releaseorothercom poundsto enhancein-situ
anaerobicbiorem ediation ordegradation;

Pum ping and treating groundwaterthrough atreatm entsystem ofcarbon,UV
oxidation oranotherappropriatetechnology

Ozoneinjection;or

Anothertechnology appropriateforsite-specificconditionsand chem icalsofconcern
in groundwater.

Theselected activerem edialalternativewould beapproved by DTSC then necessary air,
wastedischargean/orwellpermitsobtained and thesystem installed underDTSC oversight.

G:\CLIENTS & PROJECTS\Delphi-32486\Anaheim-32486\Reports\CM P-Corrective M easure Proposal\CM P TextItems\Appendices\Appendix F-
GroundwaterM NA W P\2007_0731_HAI_DelphiGW monitoringW P_F.doc
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Weather Temperature

Ground surface Conditions Dry Wet Damp Standing Water Snow (_____in)  Other___________

Comments

General Comments:  (ie: field filtrations, persons communicated with at site, etc.)

SAMPLING RECORD
Page

FIELD REP

DATE

Container

Type

SOIL SAMPLING AND SURFACE WATER SAMPLING INFORMATION

Sample

No.

Sampling

Device Prodedure

Cleaning
Location Time Sample Description

PROJECT

LOCATION

CLIENT

CONTRACTOR

H&A FILE NO.

PROJECT MGR.

Depth (ft)

Form 3004



of

Remarks:  (ie: field filtrations, persons communicated with at site, etc.)

1. Standing Water Depth = Depth of Well - Water Depth

Page

PROJECT

LOCATION

CLIENT

CONTRACTOR

PROJECT MGR.

FIELD REP

DATE

H&A FILE NO.

GROUNDWATER SAMPLING RECORD

GROUNDWATER  SAMPLING  INFORMATION

ABN

Metals

Well No.

Water Depth (ft)

Time

Product

T
IM

E
 S

A
M

P
L

E
S

 T
A

K
E

N

Time Purging Stopped

Sampling Device

Cleaning Procedure

VOA

Purging Device

Volume of Bailer/Pump Capacity

Cleaning Procedure

Bails Removed/ Volume Removed

Depth Of Well (ft)

Inside Diameter (in)

Standing Water Depth (ft) 
(1)

Volume Of Water In Well (gal)

P
A

R
A

M
E

T
E

R
S

Color

Odor

pH

Conductivity

Turbidity

Time Purging Started

Salinity

Dissolved Oxygen

Temp,
0
 C

Form 3005
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gallons

feet

feet

NTU

gallons

feet

feet

NTU

CONTRACTOR

PROJECT MGR.

DATE

PROJECT

LOCATION

MONITORING WELL

DEVELOPMENT REPORT

FIELD REP.

H&A FILE NO.

CLIENT

Well No.

Page 1 1

Comments:

Comments:

Method of Removal (bailing, pumping):

Comments:

Comments:

Comments:

Comments:

Depth to Water Before Development:

Depth to Well Bottom Before Development:

Comments:

Turubitiy of Water Before Development:

ELEVATION SUBTRAHEND

Depth to Well Bottom After Development:

Depth to Water After Development:

Estimated Volume of Water Lost During Drilling:

Comments:

Volume of Water Removed:

Turubitiy of Water After Development:

Comments:

Form 3006
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UNDERGROUND
ENGINEERING &
ENVIRONMENTAL
SOLUTIONS

500 South Kraemer Blvd., Suite 370 Tel: 714.985.3434
Brea, CA  92821 Fax: 714.985.3433

GROUNDWATER SAMPLING LOG

PROJECT NAME: WELL NO.
PROJECT NO.: SAMPLED BY:
DATE:

WELL     INFORMATION
TOP OF CASING ELEV.     ( ft.)

WELL DIAMETER 2" (inches)

DEPTH OF WELL     ( ft.)

DEPTH TO WATER     ( ft.)

HEIGHT OF WATER COLUMN     ( ft.)

CASING VOLUME* Hgt. x        Gal./Ft. =     (gal)

PURGE VOLUME                         x 3 =     (gal)

PRODUCT THICKNESS N/A     ( ft.)

WELL CONDITION:
WEATHER CONDITIONS:
PURGING AND SAMPLING EQUIPMENT:

PURGE       DATA
Time: Purge Volume Flow Rate Temperature pH DO ORP Sp.Cond. Sal. Turbidity Color Odor

(Gal.) (Gal./Min.) ( F / C ) mg/L (umhos/cm) NTUs

Sample Sample Time Analyses Container Quantity Preserv- NOTES:
No. Time ative

ADDITIONAL INFORMATION:
TOC = Top of well casing
*Casing Volume = r2h(ft) x 7.48 gal/ft.3 4" well = 0.66 Gal./Foot 2" well = 0.163 Gal./Foot

PURGEFRM.xls
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. ACKGROUND 

3.  Sampling Preparatory Acti ities 
3.2 Preliminary Site Acti ities 
3.3 Sampling Procedure 
3.  Decontamination 
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3.  Groundwater/Decontamination Fluid Disposal 
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

This document describes procedures for collection of groundwater samples for laboratory analysis utili ing the 
"Low Stress/Low Flow Method".  This method should be employed when it is critical to collect groundwater 
samples not impacted by o er purging  aeration  and sediment/colloid presence.  Although the procedures 
described in this document are generally appropriate for obtaining groundwater samples as part of Monitored 
Natural Attenuation (MNA) programs  a more complete procedure for MNA programs is described in a 
separate document (Monitored Natural Attenuation Sample Collection Procedure).   

The method described herein is most appropriate for wells that can accept a submersible pump and ha e a 
screened inter al of ten feet or less.  Howe er  the procedure is flexible and can be modified for a ariety of 
well construction and groundwater yield situations.  The low flow purging and sampling method is not 
appropriate for use in all hydrogeologic regimes  and certain groundwater monitoring well designs may ma e
the method unsuitable (e.g. open hole and long screen monitoring wells in bedroc  and stratified sand and clay 
where the water bearing ones ha e not been characteri ed). 
This procedure does not address wells that contain Non A ueous Phase Li uids (NAPLs). 

Research conducted by Puls et al. ( 2)  Puls and Powell ( 2)  and Powell and Puls ( 3) has shown that 
high olume purging and sampling cause significant turbidity and suspended particulate artifacts that can result 
in an o erestimation of certain analytes of interest (e.g.  metals or hydrophobic organic compounds).  
Additionally  standard purging procedures can cause pressure changes and bailing can cause aeration that can 
strip olatile organic compounds from groundwater samples (Pennino ) and pro ide misrepresentati e
data on a uifer conditions (such as dissol ed oxygen and redox).  O erpurging of a well can cause water to 
cascade down the well screen  causing undesirable aeration and olatili ation. 

The use of low flow pumping de ices for purging and sampling minimi es both the disturbance of water in 
well casing and the potential for mobili ation of colloidal material ( arcelona et al. ).  Low flow purging 
with maintenance of water le el in the well and stabili ation of indicator parameters (especially turbidity) 
allows collection of groundwater samples that are more representati e of conditions without filtering (U.S. 
EPA 3 ac hus et al. 3).  In many cases  use of a low flow pump to purge and sample monitoring 
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

wells decreases sampling time  reduces the need to handle large olumes of purge water and lowers the cost 
associated with its disposal  and may allow collection of samples for without filtering. 

Low flow refers to the elocity with which water enters the pump inta e and that is imparted to the formation 
pore water in the immediate icinity of the well screen.  It does not necessarily refer to the flow rate of water 
discharged at the surface that can be affected by flow regulators or restriction.  Water le el drawdown 
pro ides the best indication of the stress imparted by a gi en flow rate for a gi en hydrological situation.  The 
ob ecti e is to pump in a manner that minimi es stress (drawdown) to the system to the extent practicable 
ta ing into account established site sampling ob ecti es (USEPA  Puls and arcelona  April ).  

. Ad ustable rate  positi e displacement pumps (e.g. low flow rate submersible centrifugal or bladder 
pumps constructed of stainless steel or Teflon).  The pump should be easily ad ustable and capable of 
operating reliably at lower flow rates.  An example is ED MicroPurge bladder pump (a ailable for 
purchase or rental at US En ironmental  among others). 

2. Tubing: Tubing used in purging and sampling each well must be dedicated to the indi idual well.  
Once properly located  mo ing the pump in the well should be a oided.  Conse uently  the same 
tubing should be used for purging and sampling.  The tubing wall thic ness should be maximi ed (3/
to  inch) and the tubing length should be minimi ed (i.e. do not ha e excess tubing outside of the 
well) 

: Teflon or Teflon lined polyethylene tubing must be used to collect samples.   �

� : Teflon or Teflon lined polyethylene  PVC  Tygon or polyethylene tubing 
may be used to collect samples. 

3. Polyethylene sheeting and sampling glo es.  

. Water le el measuring de ice .  feet accuracy  (electronic preferred for trac ing water le el 
drawdown during all pumping operations).  

. Flow measurement supplies (e.g. graduated cylinder and stopwatch).  

. Interface probe  if needed. 
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

. Power source (e.g. generator  located downwind  nitrogen tan  etc). The generator should not be 
o ersi ed for the pump. 

. In line flow through cell containing purge criteria parameter monitoring instruments for pH  turbidity
specific conductance  temperature  Eh and dissol ed oxygen (DO). The in line de ice should be 
bypassed or disconnected during sample collection.   An example is the Horiba U 22 which is a flow
through cell that comes with probes capable of measuring pH  dissol ed oxygen  conducti ity  salinity
TDS  temperature  turbidity and oxidation reduction potential.  A ailable from Ashtead Technologies

.2 2.3  www.ashtead technology.com or Pine En ironmental 3 3  www.pine
en ironmental.com  among others.  

.  Photoioni ation detector (PID)  or flame ioni ation detector (FID) or e ui alent.  

. Nylon stay ties 

. Decontamination supplies 

2. Field boo  or well sampling form 

3. Sample ottles. It is recommended that preser ati es be added to sample bottles prior to field acti ities 
to reduce potential error or introduction of contaminants.  

. Sample preser ation supplies (as re uired by the analytical method  see pre ious item) 

. Sample tags or labels  and chain of custody.  

. Well construction data  location map  field data from last sampling e ent.  

. Sampling Plan or Wor  Plan 

. Health  Safety Plan 

. pH meter 

2 . Conducti ity meter 

2 . Dissol ed Oxygen (DO) meter 

22. Oxidation reduction (REDO ) reaction potential (ORP) meter 

23. Nephlometer (turbidity) 

2 . Temperature gauge  
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2 . Field test its (such as Hach its for measurement of dissol ed iron (Fe 2)  carbon dioxide  and 
al alinity).  See the document Monitored Natural Attenuation Groundwater Sample Collection 
Procedure  for specifications and ordering information for these types of its. 

2 . Field filtration units (if re uired)  

Prior to entering the field there are se eral acti ities that should be conducted.  The acti ities are as follows: 

Obtain and re iew a copy of the Sampling or Wor  Plan and Health  Safety Plan. �

�

�

�

�

�

�

�

�

Obtain and re iew pre ious groundwater sampling data (if a ailable)  pre ious water le el 
measurements and well construction details (total depth and length of well screen). 

Locate a site map denoting the wells to be sampled. 

Obtain well wrenches  well eys and any other e uipment needed to access the wells. 

Coordinate site access. 

Coordinate with laboratory to obtain sample bottles and necessary uality assurance samples. 

Perform an in entory of necessary purging  sampling  and field measurement e uipment. Certain 
e uipment may need to be purchased or rented for the sampling e ent.  Chec  field measurement 
probes for proper calibration and ensure that the probes and its are complete (i.e.  contain calibration 
and analytical solutions) for the entire sampling e ent. 

Once on site the following acti ities should be conducted prior to beginning sampling. 

Verify well identification and location using borehole log details and location site map.  Chec  the 
condition of the well and record any e idence of damage or need for repair in the field boo  or field 
sampling form.  Following field acti ities inform the Pro ect Manager of any necessary repair wor
re uired.  

Lay out sheet of clean polyethylene around the well for monitoring and sampling e uipment. 
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�

�

�

�

�

Prior to opening the well cap  measure the breathing space abo e the well casing with a PID or FID to 
establish baseline le els. Repeat this measurement once the well cap is opened. If either of these 
measurements exceeds the air uality criteria in the health and safety plan  field personnel should 
ad ust their PPE accordingly.  

If the well does not ha e a water le el reference point (usually a V cut or indelible mar  in the well 
casing)  ma e one.  Describe its location and record the date of the mar  in the field boo  or sampling 
form. 

Collect a round of synoptic water le el measurements and well depth (in the shortest possible time) 
before any purging or sampling acti ities begin.  Water le els and well depths should be measured and 
reported to .  ft.  The water le els should be obtained from the denoted reference point on the well. 

Water le el and total depth measurements must be obtained to determine the well olume for hydraulic 
purposes.  In some settings it maybe necessary to allow the water le el time to e uilibrate.  This 
condition exists if a watertight seal exists at the well cap and the water le el has fluctuated abo e the 
top of screen thereby creating a acuum or pressuri ed area in this air space.  Three water le el chec s
will erify static water le el conditions or changing conditions. 

Chec  newly constructed wells for the presence of light or dense a ueous phase li uids before 
sampling. 

It is preferable to sample the wells in order of increasing chemical concentrations ( nown or anticipated).  The 
following describes the procedure for the low flow purging and sampling method.  E uipment calibration
logboo  documentation  sample bottle filling and preser ation  and shipping will be conducted in accordance 
with the site specific uality Assurance Pro ect Plan ( AP P).  Personal protecti e e uipment will be donned 
in accordance with the re uirements of the site specific Health and Safety Plan. 

. Attach and secure the polyethylene tubing to the low flow pump.  See the e uipment and materials 
section for recommended pump types.  As the pump is slowly lowered into the well  secure the safety 
drop cable  tubing  and electrical lines to each other using nylon stay ties.  It is recommended that the 
pump be placed in the well 2 to (preferably)  hours prior to purging/sampling to minimi e the 
effects of turbidity and mixing in the well from introducing the pump. 

2. Pump  safety cable  tubing and electrical lines should be lowered slowly into the well to a depth 
corresponding to the center of the saturated screen section of the well  or at a location determined to 
either be a preferential flow path or one where contamination is present.  The pump inta e should be 
ept abo e the bottom of the well to pre ent mobili ation of any sediment present in the bottom of the 

well.    

3. efore starting the pump  measure the water le el again with the pump in the well.  Start pumping 
water from the well at a rate of 
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.  A oid surging.  Obser e air bubbles displaced from discharge tube to 
assess progress of steady pumping until water arri es at the surface.  The pumping rate should cause 
little or no water le el drawdown in the well (less than .2 ft) and the water le el should stabili e.  

Water le el measurements should be made e ery three to fi e minutes.  Precautions should be ta en to 
a oid pump suction loss or air entrainment.  Pumping rates should  if needed  be reduced to the 
minimum capabilities of the pump to a oid pumping the well dry and ensure stabili ation of indicator 
parameters.  If the recharge rate of the well is ery low  purging should be interrupted so as not to 
cause the drawdown within the well to ad ance below the pump inta e but the operator should attempt 
to maintain a steady flow rate with the pump to the extent practicable.  Record ad ustments made to the 
pumping rates and water le els immediately after each ad ustment. 

In low yielding wells  where  mL/min exceeds the entrance rate of groundwater into the well  it is 
important to a oid dewatering the well screen inter al and purging the well dry should be a oided to 
the extent possible.  In these cases  the pump should remain in place and the water le el should be 
allowed to reco er repeatedly until there is sufficient olume in the well to permit collection of 
samples.  Under these low yield conditions  it may become difficult to maintain an ade uate water 
olume in the flow through cell described in the next step.  An alternati e means of sample collection 

may be necessary under these conditions and should be discussed with the Pro ect Manager.  

. While purging the well  measurements of water uality indicator parameters utili ing an in line flow
through cell (or similar e uipment) should be collected e ery three to fi e minutes until all of the 
parameters ha e stabili ed.  See the E uipment and Materials section for recommendations.  
Stabili ation is achie ed when three successi e readings are within the following tolerances noted in 
the table below. 

�

�

�

In general  the order of stabili ation is pH  temperature and specific conductance  followed by redox 
potential  dissol ed oxygen  and turbidity (USEPA ).  A minimum subset of these parameters 
that can be used to determine stabili ation during purging in this procedure are pH  specific 
conducti ity and turbidity or DO.  Turbidity and DO are typically the last parameters to stabili e.  If 
the parameters ha e stabili ed  but the turbidity is not in the range of  NTU  then follow step .
For informational purposes  the following table pro ides typical ranges of the arious field parameters.  
Field data collected during purging and sampling should be compared against these alues and  if 
substantial differences exist  the accuracy of the meter should be erified to rule out potential 
operational problems with the e uipment.   
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

. Once stabili ation has been documented  go to step .

. Should stabili ation not be achie ed for all field parameters (or turbidity only as described in Step )
purging is continued until a maximum of 2  well screen olumes ha e been purged from the well. 
Since low flow purging (LFP) li ely will not draw groundwater from a significant distance abo e or 
below the pump inta e  the screen olume is based upon a foot ( .  m) screen length. After purging 
2  well screen olumes  purging is continued if the purge water remains isually turbid and appears to 
be clearing  or if stabili ation parameters are arying slightly outside of the stabili ation criteria listed 
abo e and appear to be approaching stabili ation. 

�

�

�

�

�

�

�

                                             

If low turbidity samples are critical to the pro ect goals  purging will be extended until 
turbidity has been reduced to  NTU or less.  

The pump must not be remo ed from the well between purging and sampling.  

. If the turbidity measurements do not approach the range of that of natural groundwater (  NTU)  both 
filtered and unfiltered samples should be collected for analysis of compounds such as metals or 
hydrophobic compounds .  Filtered metal samples are to be collected with an in line filter. A high 
capacity  in line .  micron particulate filter must be pre rinsed according to the manufacturers 
recommendations  or with approximately  liter of groundwater following purging and prior to 
sampling.  After the sample is filtered it must be preser ed immediately. 

. Collect groundwater samples.  All sample containers should be filled by allowing the pump discharge 
to gently flow down inside the container with minimal turbulence.  The flow through cell  or similar 
e uipment  should be bypassed during sampling.  As each sample bottle is collected  the bottle should 
be labeled with the following information then place into a cooler with the proper temperature control. 

Sample number/ID 
Date and time 
Parameters to be analy ed
Pro ect Reference ID 
Samplers initials  
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

After collection of the samples  the tubing from the pump should be properly discarded or dedicated to 
the well for re sampling (by hanging the tubing inside the well).  A oid handling the interior of the 
bottle or bottle cap and don new glo es for each well sampled to a oid contamination of the sample. 

VOC and gas sensiti e (e.g. Fe 2  CH  H2S/HS) parameter samples should be collected first.  Refer 
the pro ect sampling and analysis plan to determine which analytes will be measured in the field 
(wellhead) and which will be submitted to a fixed base laboratory.  The order of sample collection is 
as follows: 

. Volatile organic compounds 
2. Gas sensiti e parameters (e.g. Fe 2  CH  H2S/HS) 
3. Semi olatile organic compounds 
. Total organic carbon (TOC) 
. Total organic halogens (TO )
. Extractable organics 
. Total metals 
. Dissol ed metals 
. Phenols 
. Cyanide 
. Sulfate and chloride 

2. Nitrate and ammonia 
3. Radionuclides  

. Measure and record final water le el and well depth. 

. Secure the well (close and loc ). 

Decontaminate sampling e uipment prior to use in the first well and following sampling of each subse uent 
well.  Pumps will not be remo ed from well between purging and sampling operations.  The pump and tubing 
(including support cable and electrical wires that are in contact with the well) will be decontaminated by one of 
the procedures listed below. 

Decontamination solutions can be pumped from buc ets through the pump  or the pump can be 
disassembled and flushed with the decontamination solutions.  It is recommended that the detergent 
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

and isopropyl alcohol be used sparingly in the decontamination process and that water flushing steps 
be extended to ensure that any sediment trapped in the pump is remo ed.  The pump exterior and 
electrical wires must be rinsed with the decontaminating solutions  as well.  The procedure is as 
follows: 

. Flush the e uipment/pump with potable water. 

2. Flush with non phosphate detergent solution.  If the solution is recycled  the solution must be 
changed periodically. 

3. Flush with potable or distilled/deioni ed water to remo e all of the detergent solution.  If the 
water is recycled  the water must be changed periodically. 

. Flush with isopropyl alcohol (pesticide grade).  If e uipment blan  data from the pre ious 
sampling e ent shows that the le el of contamination is low  then this step may be s ipped. 

. Flush with distilled/deioni ed water.  The final water rinse must not be recycled. 

. Decontaminate the in line flow through cell and other sampling e uipment with similar 
procedures  as appropriate. 

. Steam clean the outside of the submersible pump. 

2. Pump hot potable water from the steam cleaner through the outside of the pump.  This can be 
accomplished by placing the pump inside a three or four inch diameter PVC pipe with cap.  
Hot water from the steam cleaner et will be directed inside the PVC pipe and the pump 
exterior will be cleaned.  The hot water from the steam cleaner will then be pumped from the 
PVC pipe through the pump and collected into another container.  Note:  additi es or solutions 
should not be added to the steam cleaner. 

3. Pump non phosphate detergent solution through the inside of the pump.  If the solution is 
recycled  the solution must be changed periodically. 

. Pump potable water through the inside of the pump to remo e all of the detergent solution.  If 
the solution is recycled  the solution must be changed periodically. 

. Pump distilled/deioni ed water through the pump.  The final water rinse must not be recycled. 

. Decontaminate the in line flow through cell and other sampling e uipment with appropriate 
procedures. 
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Field notes must document all the e ents  e uipment used  and measurements collected during the sampling 
acti ities.  The logboo  or sampling form (see Appendix C Forms) should document the following for each 
well sampled: 

� Identification of well 

� Well depth 

� Static water le el depth and measurement techni ue

� Sounded well depth 

� Presence of immiscible layers and detection/collection method 

� Well yield  high or low 

� Purge olume and pumping rate 

� Time well purged 

� Measured field parameters  record measurements obtained e ery 3  minutes to monitor for 
stabili ation  see attached example record log. 

� Purge/sampling de ice used 

� Well sampling se uence 

� Sampling appearance 

� Sample odors 

� Sample olume 

� Types of sample containers and sample identification 

� Preser ati e(s) used 

� Parameters re uested for analysis 

� Field analysis data and method(s) 

� Sample distribution and transporter 
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� Laboratory shipped to 

� Chain of custody number for shipment to laboratory 

� Field obser ations on sampling e ent 

� Name collector(s) 

� Climatic conditions including air temperature 

� Problems encountered and any de iations made from the established sampling protocol.  

Groundwater disposal methods will ary on a case by case basis and field personnel should consult the Pro ect
Manager for site specific re uirements.  Disposal options may include:  

� Off site treatment at pri ate treatment/disposal facilities or public owned treatment facilities. 

� On site treatment at Facility operated facilities. 

� Direct discharge to the surrounding ground surface  allowing groundwater infiltration to the underlying 
subsurface regime. 

� Direct discharge to imper ious pa ement surfaces  allowing e aporation to occur 

� Decontamination fluids should be segregated and collected separately from wash waters/groundwater 
containers. Often small olumes of sol ents used during the day can be allowed to e aporate if left in 
an open pail. In the e ent e aporation is not possible or practical  off site disposal arrangements must 
be made. 
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� USEPA Low flow (minimal drawdown) groundwater sampling procedures (EPA/ /S / )  April 
.

� USEPA Ground Water Sampling A Wor shop Summary  Dallas  Texas  No ember 3  December 2
3. EPA/ /R /2 .

� ac hus  D.A. .N. Ryan  D.M. Groher .K. MacFarlane  and P. M. Gschwend. 3. Sampling 
Colloids and Colloid Associated Contaminants in Ground Water. Ground Water. V. 3  pp. .

� arcelona  M. .  H.A. Wehrmann  and M.D. Varl en. . Reproducible Well Purging Procedures 
and VOC Stabili ation Criteria for Ground Water Sampling. Ground Water. V. 32  pp. 2 22. 

� Pennino .D. . There is No Such Thing as a Representati e Ground Water Sample. Ground 
Water Monitoring Re iew. V  pp. .

� Powell  R.M. and R.W. Puls. 3. Passi e Sampling of Ground Water Monitoring Wells without 
Purging: Multile el Well Chemistry and Tracer Disappearance. ournal Contaminant Hydrology. 
V. 2  pp. .

� Puls  R.W. and R.M. Powell. 2. Ac uisition of Representati e Ground Water uality Samples for 
Metals. Ground Water Monitoring Re iew. V. 2  pp. .   

� Puls  R.W.  D.A. Clar . ledsoe  R.M. Powell  and C. . Paul. 2. Metals in Ground Water: 
Sampling Artifacts and Reproducibility. Ha ardous Waste and Ha ardous Materials. V.  pp. 

2. 

� USEPA Region 3. .  Recommended Procedure for Low Flow Purging and Sampling of 
Groundwater Monitoring Wells. Waste and Chemicals Management Di ision  Low Flow Sampling. 

ulletin No. AD 23.  

� USEPA Region . .  Low Stress (Low Flow) Purging and Sampling for the Collection of 
Groundwater Samples from Monitoring Wells. SOP : GW . Re ision 2. pp. 3. 

� USEPA Region 2. .  Ground Water Sampling Procedure  Low Stress (Low Flow) Purging and 
Sampling. GW Sampling SOP  Final.
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� OP3  General En ironmental Field Procedures and Protocol 
� OP3  Preser ation and Shipment of En ironmental Samples 
� OP3  Manual Water Le el Measurement Procedure 
� OP3  Monitoring Well De elopment Procedure 
� OP3  Groundwater uality Sampling Procedure 
� OP3 3 Monitored Natural Attenuation Groundwater Sample Collection Procedure 
� OP3  NAPL Monitoring and Sampling Procedure
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   Low Stress/ low Flow Groundwater Sample Collection Procedure (OP3 2) 
   

� Form 3  Sampling Labels (En ironmental) 
� Form 3 3 Chain of Custody 

Form 3  Sampling Record �

�

�

Form 3  Groundwater Sampling Record 
Form 3  Monitoring Well De elopment Report 
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Date: Analysis: Date: Analysis:

Time: Preservative: Time: Preservative:
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Sample ID: File Number: Sample ID: File Number:
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Time: Preservative: Time: Preservative:

Collected By: Laboratory: Collected By: Laboratory:

Comments: Comments:

Sample ID: File Number: Sample ID: File Number:

Depth: Project: Depth: Project:

Date: Analysis: Date: Analysis:
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WATER AND WASTEWATER METHODS Solid Liquid

Analysis Description  Method No. Preservative Sample Volume/Container Holding Time

Alkalinity 310 Cool 4
o
C N/A 250 mL HDPE 14 days

Amenable Cyanide Std. Mth. 412 F. pH>12 NaOH, Cool 4
o
C N/A 1 L HDPE 14 days

Ammonia 350 pH<2 H2SO4, Cool 4
o
C N/A 1 L HDPE 28 days

Base/Neutral & Acid Extractables 625 Cool 4
o
C N/A 1 L Amber 7 days Ext/40 days Analyze 

Biochemical Oxygen Demand (BOD) 405.1 Cool 4
o
C N/A 2 L HDPE 48 hours

Chemical Oxygen Demand (COD) 410 pH<2 H2SO4, Cool 4
o
C N/A 125 mL HDPE 28 days

Chloride 300.0, 325 None Required N/A 125 mL HDPE 28 days

Chromium, Hexavalent 3500D, 218.4/5 None Required N/A 1 L HDPE 24 hours

Fluoride 300.0, 340 None Required N/A 500 mL HDPE 28 days

Hardness, Total (as CaCO3) 130 pH<2 H2SO4, Cool 4
o
C N/A 250 mL HDPE 6 Months

Nitrate 300.0, 352.1 Cool 4
o
C N/A 250 mL HDPE 48 Hours

Nitrite 300.0, 354.1 Cool 4
o
C N/A 125 mL HDPE 48 Hours

Orthophosphate 300.0, 365 Filter, Cool 4
o
C N/A 125 mL HDPE 48 Hours

PCBs 608 Cool 4
o
C N/A 1 L Amber 7 days Ext/40 days Analyze

Pesticides 608 Cool 4
o
C N/A 1 L Amber 7 days Ext/40 days Analyze

Physiologically Available Cyanid MADEP draft pH>12 NaOH, 4
o

C N/A 1 L HDPE 14 days

Priority Pollutant Metals (13 Metals) 200.7/AA, 200 Series pH<2 HNO3, 4
o

C N/A 1 L HDPE 28 days (Hg), 6 mos. (others)

Purgeable Halocarbons & Aromatics 601/602 pH 2 HCI, Cool 4
o
C N/A 40 mL Glass Vial 14 days

RCRA Metals (8 Metals) 200.7/AA, 200 Series pH<2 HNO3, 4
o

C N/A 1 L HDPE 28 days (Hg), 6 mos. (others)

Sulfate 300.0, 375 Cool 4
o
C N/A 250 mL HDPE 28 days

Sulfide 376 pH>9 NaOH, Zn Acetate, Cool 4
o
C N/A 1 L HDPE 7 days

Sulfite 377.1 None Required N/A 125 mL HDPE Analyze Immediately

Total Cyanide 335 pH>12 NaOH, Cool 4
o
C N/A 1 L HDPE 14 days

Total Dissolved Solids (TDS) 209 Cool 4
o
C N/A 250 mL HDPE 7 days

Total Organic Carbon (TOC) 415 pH<2 HCI or H2SO4, Cool 4
o
C, Dark N/A 40 mL Amber 28 days

Total Organic Halogen (TOX) 506 pH<2 HNO3, 4
o

C N/A 1 L Amber check with lab

Total Phenolics 420.1 pH<2 H2SO4, Cool 4
o
C N/A 1 L Amber 28 days

Total Phosphorus 365 pH<2 H2SO4, Cool 4oC N/A 125 mL HDPE 28 days

Total Solids (TS) 160.3 Cool 4
o
C N/A 250 mL HDPE 7 days

Total Suspended Solids (TSS) 160.2 Cool 4
o
C N/A 250 mL HDPE 7 days

Volatile Organics 624 pH 2 HCI, Cool 4
o
C N/A 40 mL Glass Vial 14 days

Weak and Dissociable Cyanide Std. Mth. 412 H. pH>12 NaOH, Cool 4
o
C N/A 1 L HDPE 14 days

DRINKING WATER ANALYSIS

Volatile Organics 502.2 or 524.2 pH 2 HCI, Cool 4
o
C N/A 40 mL Glass Vial 14 days

MICROBIOLOGY

Fecal Coliform STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

Standard Plate Count STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

Total Coliform STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

Yeast and Mold STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

SOIL/SEDIMENTS/WATER Solids (S) / Liquids (L) Solid Liquid

Analysis Description Method No. Preservative Sample Volume/Container Holding Time

Acid Extractables/Base/Neutral Extractables 8270 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Amenable Cyanide - S: 4
o

C / L: pH>12 NaOH, 4
o

C 4 oz. CWM 1 L HDPE 14 days

Chromium, Hexavalent 3060A/7196 S/L: Cool 4
o
C 8 oz. CWM 1 L HDPE 24 hours

Extractable Hydrocarbons 8015B S: Cool 4
o
C / L: pH<2 HCI, 4

o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Herbicides 8150 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Non-Halogenated Organics 8015B S: Cool 4
o
C / L: pH<2 HCI, 4

o
C 4 oz. CWM 40 mL Glass Vial 14 days

PAH (low level) 8310 or GC/MS SIM S/L: Cool 4
o
C 8 oz. AWM 1 L Amber 7 days Ext/40 days Analyze

Paint Filter Liquids Test 9095 S: Cool 4
o
C 8 oz. CWM 1 L Amber Analyze ASAP

PCBs 8082 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Pesticides 8081 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Physiologically Available Cyanid MADEP draft S: 4
o

C / L: pH>12 NaOH, 4
o

C 4 oz. CWM 1 L HDPE 14 days

Priority Pollutant Metals(13 Metals) 6010&7000 S: 4
o

C / L: pH<2 HNO3, 4
o

C 8 oz. CWM 1 L Amber 28 days (Hg), 6 mos. (others)

RCRA Metals (8 Metals) 6010&7000 S: 4
o

C / L: pH<2 HNO3, 4
o

C 8 oz. CWM 1 L Amber 28 days (Hg), 6 mos. (others)

Total Cyanide 9010 S: 4
o

C / L: pH>12 NaOH, 4
o

C 4 oz. CWM 1 L HDPE 14 days

Volatile Hydrocarbons 8015B S: Cool 4
o
C / L: pH<2 HCI, 4

o
C 4 oz. CWM 40 mL Glass Vial 14 days

Volatile Organics 8260B, 8021 S: methanol/NaHSO4, 4
o
C / L: pH<2 HCI, 4

o
C 4 oz. CWM 40 mL Glass Vial 14 days

RCRA HAZARDOUS WASTE CHARACTERIZATION

Corrosivity (pH only) SW846-7.2 S: Cool 4
o
C 4 oz. CWM check with lab Analyze ASAP

Ignitability/Flashpoin SW846-7.1 S: Cool 4
o
C 4 oz. CWM check with lab Analyze ASAP

Reactivity (CN-/S2-) SW846-7.3 S: Cool 4
o
C 4 oz. CWM check with lab Analyze ASAP

TCLP (RCRA 8) Metals (check for mercury) 1311 S: Cool 4
o
C 16 oz. CWM check with lab 6 mos. Ext/6 mos. Analyze 

TCLP Pesticides/Herbicides 1311 S: Cool 4
o
C 16 oz. CWM check with lab 14 days Ext/40 days Analyze 

TCLP Semivolatiles 1311 S: Cool 4
o
C 16 oz. CWM check with lab 14 days Ext/40 days Analyze 

TCLP Volatiles 1311 S: Cool 4
o
C 8 oz. CWM check with lab 14 days Ext/14 days Analyze

HYDROCARBON OIL & GREASE ANALYSIS

MADEP EPH Method MADEP REV. 0 S: Cool 4
o

C / L: pH<2 HCl, 4
o

C 4 oz. Amber 1 L Amber S:7 days Ext / L:14 days Ext

MADEP EPH Method (C-Ranges only) MADEP REV. 0 S: Cool 4
o

C / L: pH<2 HCl, 4
o

C 4 oz. Amber 1 L Amber S:7 days Ext / L:14 days Ext

MADEP VPH Method MADEP REV. 0 S: methanol, 4
o
C / L: pH<2 HCI, 4

o
C 40 mL+2 oz. CWM. 40 mL Glass Vial S: 28 days / L: 14 days

MADEP VPH Method (C-Ranges only) MADEP REV. 0 S: methanol, 4
o
C / L: pH<2 HCI, 4

o
C 40 mL+2 oz. CWM. 40 mL Glass Vial S: 28 days / L: 14 days

MADEP EPH Method - with selected PAHs MADEP REV. 0 S: Cool 4
o

C / L: pH<2 HCl, 4
o

C 4 oz. Amber 1 L Amber S:7 days Ext / L:14 days Ext

   (including acenaphthene, naphthalene,

     2-methylnaphthalene, and phenanthrene

Petroleum Identification ASTM D3328

  Quantitative (include Chromatograms) S: Cool 4
o

C / L: pH<2 H2SO4, 4
o

C 4 oz. CWM 1 L Amber S: 7 days / L: 28 days

Total Petroleum Hydrocarbons (Infrared 418.1 S: Cool 4 C / L: pH<2 H2SO4, 4 C 4 oz. CWM 1 L Amber S: 7 days / L: 28 days

AIR METHODS
Analysis Description Method No. Preservative Sample Volume/Container Holding Time

Volatile Organic Compounds EPA T01/T02 tubes: 4
o

C; Tedlar Bags: dark N/A N/A tube: 14 days; bag: 72 hours

Volatile Organic Compounds EPA T014 check with lab N/A N/A can: 14 days; bag: 72 hours

VPH in air EPA T01/T02 tubes: 4
o

C; Tedlar Bags: dark N/A N/A tube: 14 days; bag: 72 hours

VPH in air EPA T014 check with lab N/A N/A can: 14 days; bag: 72 hours

This table is offered for informational purposes only and is intended to be followed and used by persons having related technical skills and at their own discretion and risk. Since conditions and the manner of use are outside of Haley & 

Aldrich's control, we make no warranties, express or implied, and accept no liability in connection with any use of this information. IT IS THE USER'S RESPONSIBILITY TO VERIFY THE SUITABILITY OF USE AND 

CORRECTNESS OF THE INFORMATION SUPPLIED.
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This document describes procedures for collection of groundwater samples as part of Monitored Natural 
Attenuation (MNA) programs.  In general  the procedures described in this document are similar to those 
described in the "Low Stress/Low Flow Groundwater Sample Procedure" document.   While this document 
will focus on collection of samples for MNA programs  low flow sampling is often utili ed for collection of 
samples where entrained particulates or turbidity could negati ely effect the samples.  This approach is also 
appropriate for sites where bioremediation is either being implemented or planned. 

With MNA and bioremediation programs  it is ery important to obtain groundwater samples that are 
indicati e of actual a uifer conditions  particularly with respect to assessing a uifer redox conditions.  
Standard purging and sampling procedures can cause aeration of groundwater and cause olatili ation of 
organic compounds.  Low flow groundwater purging and sampling procedures should be employed to a oid 
a uifer stress  oxygenation of the water in the monitoring well  and contaminant loss from olatili ation.  In
line flow through monitoring e uipment should be used to monitor a uifer stabili ation during purging and for 
collection of many field groundwater analytical parameters.  Many parameters should be obtained immediately 
at the wellhead (rather than at a fixed base laboratory) to limit geochemical changes during sample transport. 

A summary of natural attenuation groundwater sampling parameters is attached to this document as Table .

As defined by USEPA  Monitored Natural Attenuation (MNA) is a combination of physical  chemical and 
biological processes including biodegradation  sorption  dilution  diffusion  dispersion olatili ation  and 
chemical transformation that act to reduce measurable contaminant concentrations in the subsurface 
en ironment.  Some of the processes  namely biodegradation and chemical transformation  are destructi e and 
act to reduce contaminant mass.  

These MNA processes cause geochemical shifts  or footprints  to occur in an a uifer.  MNA programs are 
designed to e aluate these footprints to assess how processes are acting to reduce and stabili e contaminant 
concentrations.  MNA programs are applicable to many classes of contaminants  but this procedure is limited 
to assessing MNA at sites impacted by chlorinated sol ents  petroleum compounds  and metals.   
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To assess the extent to which the abo e processes are acti e in an a uifer  it is important to obtain 
groundwater samples that are representati e of a uifer conditions.  Research has shown that standard purging 
and sampling procedures (high flow rate  remo al of 3  well olumes  sample collection with bailers) can 
cause pressure changes and aeration that can strip olatile organic compounds from groundwater samples 
(Pennino ).  These methods can also pro ide misrepresentati e data on a uifer conditions particularly 
important in MNA e aluations  such as dissol ed oxygen and redox.  This document describes appropriate 
purging and sampling procedures  summari es the recommended list of groundwater analytical parameters
and pro ides recommendations for appropriate analytical procedures including analysis of some parameters at 
the wellhead immediately after purging.  A sampling form is included with this procedure and should be used 
to record water le el and field parameter measurements to monitor for stabili ation of groundwater conditions 
during purging. 

Although the procedures in this document highly recommend the use of submersible pumps capable of low 
flow rates and in line flow through monitoring e uipment  certain pro ect restrictions or well construction may 
inhibit the use of this e uipment.  Alternate procedures for groundwater sampling using con entional sampling 
e uipment such as bailers are pro ided  but should not be used unless absolutely necessary. 

. Ad ustable rate  positi e displacement pumps (e.g. low flow rate submersible centrifugal or bladder 
pumps constructed of stainless steel or Teflon).  The pump should be easily ad ustable and capable of 
operating reliably at lower flow rates.  An example is ED MicroPurge bladder pump (a ailable for 
purchase or rental at US En ironmental  among others). 

2. Tubing: Tubing used in purging and sampling each well must be dedicated to the indi idual well.  
Once properly located  mo ing the pump in the well should be a oided.  Conse uently  the same 
tubing should be used for purging and sampling.  The tubing wall thic ness should be maximi ed (3/
to  inch) and the tubing length should be minimi ed (i.e. do not ha e excess tubing outside of the 
well) 

� : Teflon or Teflon lined polyethylene tubing must be used to collect samples.   

� : Teflon or Teflon lined polyethylene  PVC  Tygon or polyethylene tubing 
may be used to collect samples. 
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2 .

Polyethylene sheeting and sampling glo es.  

Water le el measuring de ice .  feet accuracy  (electronic preferred for trac ing water le el 
drawdown during all pumping operations).  

Flow measurement supplies (e.g. graduated cylinder and stopwatch).  

Interface probe  if needed.  

Power source (e.g. generator  located downwind  nitrogen tan  etc). The generator should not be 
o ersi ed for the pump.  

In line flow through cell containing purge criteria parameter monitoring instruments for pH  turbidity
specific conductance  temperature  Eh and dissol ed oxygen (DO). The in line de ice should be 
bypassed or disconnected during sample collection.   An example is the Horiba U 22 which is a flow
through cell that comes with probes capable of measuring pH  dissol ed oxygen  conducti ity  salinity
TDS  temperature  turbidity and oxidation reduction potential.  A ailable from Ashtead Technologies

.2 2.3  www.ashtead technology.com or Pine En ironmental 3 3  www.pine
en ironmental.com  among others.   

Photoioni ation detector (PID)  or e ui alent.  

Nylon stay ties.  

Decontamination supplies.  

Field boo  or well sampling form.  

Sample ottles. It is recommended that preser ati es be added to sample bottles prior to field acti ities 
to reduce potential error or introduction of contaminants.  

Sample preser ation supplies (as re uired by the analytical method  see pre ious item).  

Sample tags or labels  and chain of custody.  

Well construction data  location map  field data from last sampling e ent.  

Sampling Plan or Wor  Plan 

Health  Safety Plan 

pH meter 

Conducti ity meter 
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2 .

22.

23.

2 .

2 .

2 .

Dissol ed Oxygen (DO) meter 

Oxidation reduction (REDO ) reaction potential (ORP) meter 

Nephlometer (turbidity) 

Temperature gauge  

Field test its (such as Hach its  www.hach.com  for measurement of dissol ed iron (Fe 2)  carbon 
dioxide  and al alinity.  

Field filtration units (if re uired) 

Prior to entering the field there are se eral acti ities that should be conducted.  The acti ities are as follows: 

. Obtain and re iew a copy of the Sampling or Wor  Plan and Health  Safety Plan. 

2. Obtain and re iew pre ious groundwater sampling data (if a ailable)  pre ious water le el 
measurements and well construction details (total depth and length of well screen). 

3. Obtain and re iew the MNA Sampling Form .

. Locate a site map denoting the wells to be sampled. 

. Obtain well wrenches  well eys and any other e uipment needed to access the wells. 

. Coordinate site access. 

. Coordinate with laboratory to obtain sample bottles and necessary uality assurance samples. 

. Perform an in entory of necessary purging  sampling  and field measurement e uipment. Certain 
e uipment may need to be purchased or rented for the sampling e ent.  Chec  field measurement 
probes for proper calibration and ensure that the probes and its are complete (i.e.  contain calibration 
and analytical solutions) for the entire sampling e ent. 

Once on site  the following acti ities should be conducted prior to beginning sampling: 
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� Verify well identification and location using borehole log details and location site map.  Chec  the 
condition of the well and record any e idence of damage or need for repair in the field boo  or field 
sampling form.  Following field acti ities inform the Pro ect Manager of any necessary repair wor
re uired.  

� Lay out sheet of clean polyethylene around the well for monitoring and sampling e uipment. 

� Prior to opening the well cap  measure the breathing space abo e the well casing with a PID or FID to 
establish baseline le els. Repeat this measurement once the well cap is opened. If either of these 
measurements exceeds the air uality criteria in the health and safety plan  field personnel should 
ad ust their PPE accordingly.  

� If the well does not ha e a water le el reference point (usually a V cut or indelible mar  in the well 
casing)  ma e one.  Describe its location and record the date of the mar  in the field boo  or sampling 
form. 

� Obtain a round of synoptic water le el measurements and well depth (in the shortest possible time) 
before any purging or sampling acti ities begin.  Water le els and well depths should be measured and 
reported to .  ft. 

Water le el and total depth measurements must be obtained to determine the well olume for hydraulic 
purposes.  In some settings it maybe necessary to allow the water le el time to e uilibrate.  This 
condition exists if a watertight seal exists at the well cap and the water le el has fluctuated abo e the 
top of screen thereby creating a acuum or pressuri ed area in this air space.  Three water le el chec s
will erify static water le el conditions or changing conditions. 

� Chec  newly constructed wells for the presence of light or dense a ueous phase li uids before 
sampling. 

It is preferable to sample the wells in order of increasing chemical concentrations ( nown or anticipated).  
E uipment calibration  logboo  documentation  sample bottle filling and preser ation  and shipping will be 
conducted in accordance with the site specific uality Assurance Pro ect Plan ( AP P).  Personal protecti e
e uipment will be donned in accordance with the re uirements of the site specific Health and Safety Plan. 

. Follow the procedures described in the Preliminary Site Acti ities section abo e. 

2. Attach and secure the polyethylene tubing to the low flow pump.  See the e uipment and materials 
section for recommended pump types.  As the pump is slowly lowered into the well  secure the safety 
drop cable  tubing  and electrical lines to each other using nylon stay ties.  It is recommended that the 
pump be placed in the well 2 to (preferably)  hours prior to purging/sampling to minimi e the 
effects of turbidity and mixing in the well from introducing the pump.  This may not be feasible for 
many pro ect applications. 
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3. Pump  safety cable  tubing and electrical lines should be lowered slowly into the well to a depth 
corresponding to the center of the saturated screen section of the well  or at a location determined to 
either be a preferential flow path or one where contamination is present.  The pump inta e should be 
ept abo e the bottom of the well to pre ent mobili ation of any sediment present in the bottom of the 

well.    

. efore starting the pump  measure and record the water le el again with the pump in the well.  Start 
pumping water from the well at a rate of 

.  A oid surging.  Obser e air bubbles displaced from 
discharge tube to assess progress of steady pumping until water arri es at the surface.  The pumping 
rate should cause little or no water le el drawdown in the well (less than .2 ft) and the water le el
should stabili e.   

Water le el measurements should be obtained and recorded e ery three to fi e minutes.  Precautions 
should be ta en to a oid pump suction loss or air entrainment.  Pumping rates should  if needed  be 
reduced to the minimum capabilities of the pump to a oid pumping the well dry and ensure 
stabili ation of indicator parameters.  If the recharge rate of the well is ery low  purging should be 
interrupted so as not to cause the drawdown within the well to ad ance below the pump inta e but the 
operator should attempt to maintain a steady flow rate with the pump to the extent practicable.  Record 
ad ustments made to the pumping rates and water le els immediately after each ad ustment. 

In low yielding wells  where  mL/min exceeds the entrance rate of groundwater into the well  it is 
important to a oid dewatering the well screen inter al.  In these cases  the pump should remain in 
place and the water le el should be allowed to reco er repeatedly until there is sufficient olume in the 
well to permit collection of samples.  Under these low yield conditions  it may become difficult to 
maintain an ade uate water olume in the flow through cell described in the next step.  Often  a well 
recharges too slowly to adhere to these procedures  but efforts should be made to obtain a sample that 
is representati e of a uifer conditions.  An alternati e means of sample collection may be necessary 
under these conditions and should be discussed with the Pro ect Manager  or field o ersight staff.   

. While purging the well  measurements of water uality indicator parameters utili ing an in line flow
through cell (or similar e uipment) should be collected e ery three to fi e minutes until all of the 
parameters ha e stabili ed.  See the E uipment and Materials section for recommendations.  
Stabili ation is achie ed when three successi e readings are within the following tolerances noted in 
the table below. 
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�

�

�

In general  the order of stabili ation is pH  temperature and specific conductance  followed by redox 
potential  dissol ed oxygen  and turbidity (USEPA ).   A minimum subset of these parameters 
that can be used to determine stabili ation during purging in this procedure are pH  specific 
conducti ity and turbidity or DO.  Turbidity and DO are typically the last parameters to stabili e.  If 
the parameters ha e stabili ed  but the turbidity is not in the range of  NTU  then follow step .

For informational purposes  the following table pro ides typical ranges of the arious field parameters.  
Field data collected during purging and sampling should be compared against these alues and  if 
substantial differences exist  the accuracy of the meter should be erified to rule out potential 
operational problems with the e uipment.  As a field chec  for accuracy of the data  compare the 
dissol ed oxygen and redox measurements  they should correlate.  For example a depressed dissol ed
oxygen reading (approximately .  mg/L) should correlate with depressed redox reading 
(approximately  mV). 

. Once stabili ation has been documented  go to step .

. Should stabili ation not be achie ed for all field parameters purging is continued until a maximum of 
2  well screen olumes ha e been purged from the well.  Note:  ecause purging of this olume 
groundwater could negati ely impact pro ect costs  the pro ect manager should be contacted if 
difficulties in attaining stabili ation occur .  Since low flow purging (LFP) li ely will not draw 
groundwater from a significant distance abo e or below the pump inta e  the screen olume is based 
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upon a foot ( .  m) screen length. After purging 2  well screen olumes  purging is continued if the 
purge water remains isually turbid and appears to be clearing  or if stabili ation parameters are 
arying slightly outside of the stabili ation criteria listed abo e and appear to be approaching 

stabili ation. 

� If low turbidity samples are critical to the pro ect goals  purging will be extended until 
turbidity has been reduced to  NTU or less.  

� The pump must not be remo ed from the well between purging and sampling.  

. If the turbidity measurements do not approach the range of that of natural groundwater (  NTU)  both 
filtered and unfiltered samples should be collected for analysis of compounds such as metals or 
hydrophobic compounds .  If appropriate  filtered metal samples are to be collected with an in line 
filter.  A high capacity  in line .  micron particulate filter must be pre rinsed according to the 
manufacturers recommendations  or with approximately  liter of groundwater following purging and 
prior to sampling.  After the sample is filtered it must be preser ed immediately. 

. Collect groundwater samples.  All sample containers should be filled by allowing the pump discharge 
to gently flow down inside the container with minimal turbulence.  The flow through cell  or similar 
e uipment  should be bypassed during sampling.  As each sample bottle is collected  the bottle should 
be labeled with the following information then place into a cooler with the proper temperature control. 

� Sample number/ID 
� Date and time 
� Parameters to be analy ed
� Pro ect Reference ID 
� Samplers initials  

After collection of the samples  the tubing from the pump should be properly discarded or dedicated to 
the well for re sampling (by hanging the tubing inside the well).  A oid handling the interior of the 
bottle or bottle cap and don new glo es for each well sampled to a oid contamination of the sample. 

VOC and gas sensiti e (e.g. Fe 2  ethene  ethane  methane) parameter samples should be collected 
first.  Refer to the Summary of Natural Attenuation Parameters (Table ) attached to this document (or 
the pro ect sampling and analysis plan) to determine which analytes will be measured in the field 
(wellhead) and which will be submitted to a fixed base laboratory.  Not all parameters will be obtained 
on each site  during each sampling e ent.  The actual parameters collected will be based on the pro ect 
re uirements.  The recommended order of sample collection is as follows: 

. Volatile organic compounds 
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2. Gas sensiti e parameters (e.g. Fe 2  ethene  ethane  methane) and other wellhead parameters.  
Note that for MNA programs  the method of collection of Fe 2 is at the wellhead with a 
colorimetric it (i.e. Hach  www.Hach.com).  Other wellhead parameters such as al alinity
and carbon dioxide should also be obtained at this time  with appropriate colorimetric it. 

3. Semi olatile organic compounds 

. Dissol ed organic carbon  

. Extractable organics 

. Total metals 

. Dissol ed metals (see number 2 abo e) 

. Phenols 

. Cyanide 

. Sulfate  nitrate  nitrogen/ammonia  and chloride 

. Radionuclides  

. Measure and record final water le el and well depth. 

. Secure the well (close and loc ). 

It is understood that pro ect restrictions or well construction may not allow the use of a submersible pump for 
groundwater purging and sampling.  This alternate procedure describes groundwater sampling with 
con entional e uipment such as bailers.  ecause the use of bailers  or similar e uipment  can cause collection 
of samples that are misrepresentati e of a uifer conditions  this alternate procedure should not be used unless 
absolutely necessary. 

. Follow the Preliminary Site Procedures abo e. 
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2. Attach an appropriate length of new polyethylene rope to the end of bailer.  Measure and mar  on the 
rope the depth that corresponds to the bottom of the bailer located at the middle of the well screen 
inter al. 

3. Chec  for light or dense non a ueous phase li uids. 

. Slowly lower the bailer into the water column so that the inta e at bottom of the bailer is located at the 
midpoint of the well screen.  Purge 3 to  well olumes of groundwater  or as indicated by the pro ect 
re uirements.  Care should be ta en to perform the purging slowly and carefully  to a oid agitation 
and oxygenation of the groundwater in the monitoring well. 

. Once purging is completed  groundwater samples should be obtained with the bailer. The groundwater 
should be poured slowly into the sample collection ials  to limit oxygenation and olatili ation.  The 
order of sample collection described in the Sample Procedure section abo e should be followed. 

. ecause in line flow through e uipment cannot be used  collection of field parameters that are 
representati e of a uifer conditions will re uire extra care.  After collection of the groundwater 
samples is complete  groundwater should be poured slowly into a clean  small bea er/container for 
measurement with the arious field probes. 

Decontaminate sampling e uipment prior to use in the first well and following sampling of each subse uent 
well.  Pumps will not be remo ed from well between purging and sampling operations.  The pump and tubing 
(including support cable and electrical wires that are in contact with the well) will be decontaminated by one of 
the procedures listed below. 

Decontamination solutions can be pumped from buc ets through the pump  or the pump can be 
disassembled and flushed with the decontamination solutions.  It is recommended that the detergent 
and isopropyl alcohol be used sparingly in the decontamination process and that water flushing steps 
be extended to ensure that any sediment trapped in the pump is remo ed.  The pump exterior and 
electrical wires must be rinsed with the decontaminating solutions  as well.  The procedure is as 
follows: 

. Flush the e uipment/pump with potable water. 

2. Flush with non phosphate detergent solution.  If the solution is recycled  the solution must be 
changed periodically. 

3. Flush with potable or distilled/deioni ed water to remo e all of the detergent solution.  If the 
water is recycled  the water must be changed periodically 
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. Flush with isopropyl alcohol (pesticide grade).  If e uipment blan  data from the pre ious 
sampling e ent shows that the le el of contamination is low  then this step may be s ipped. 

. Flush with distilled/deioni ed water.  The final water rinse must not be recycled. 

. Decontaminate the in line flow through cell and other sampling e uipment with similar 
procedures  as appropriate. 

. Steam clean the outside of the submersible pump. 

2. Pump hot potable water from the steam cleaner through the outside of the pump.  This can be 
accomplished by placing the pump inside a three or four inch diameter PVC pipe with cap.  
Hot water from the steam cleaner et will be directed inside the PVC pipe and the pump 
exterior will be cleaned.  The hot water from the steam cleaner will then be pumped from the 
PVC pipe through the pump and collected into another container.  Note:  additi es or solutions 
should not be added to the steam cleaner. 

3. Pump non phosphate detergent solution through the inside of the pump.  If the solution is 
recycled  the solution must be changed periodically. 

. Pump potable water through the inside of the pump to remo e all of the detergent solution.  If 
the solution is recycled  the solution must be changed periodically. 

. Pump distilled/deioni ed water through the pump.  The final water rinse must not be recycled. 

. Decontaminate the in line flow through cell and other sampling e uipment with appropriate 
procedures. 

Field notes must document all the e ents  e uipment used  and measurements collected during the sampling 
acti ities.  In addition to the information recorded on Table 2  MNA Field Sampling Form  the logboo
should document the following for each well sampled: 

. Identification of well 

2. Well depth 

3. Static water le el depth and measurement techni ue

. Sounded well depth 

. Presence of immiscible layers and detection/collection method 
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. Well yield  high or low 

. Purge olume and pumping rate 

. Time well purged 

. Measured field parameters  record measurements obtained e ery 3  minutes to monitor for 
stabili ation  see attached example record log. 

. Purge/sampling de ice used 

. Well sampling se uence 

2. Sampling appearance 

3. Sample odors 

. Sample olume 

. Types of sample containers and sample identification 

. Preser ati e(s) used 

. Parameters re uested for analysis 

. Field analysis data and method(s) 

. Sample distribution and transporter 

2 . Laboratory shipped to 

2 . Chain of custody number for shipment to laboratory 

22. Field obser ations on sampling e ent 

23. Name collector(s) 

2 . Climatic conditions including air temperature 

2 . Problems encountered and any de iations made from the established sampling protocol. 

Groundwater disposal methods will ary on a case by case basis (consult the Pro ect Manager) but may range 
from:  
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Off site treatment at pri ate treatment/disposal facilities or public owned treatment facilities 

On site treatment at Facility operated facilities 

Direct discharge to the surrounding ground surface  allowing groundwater infiltration to the underlying 
subsurface regime 

Direct discharge to imper ious pa ement surfaces  allowing e aporation to occur 

Decontamination fluids should be segregated and collected separately from wash waters/groundwater 
containers. Often small olumes of sol ents used during the day can be allowed to e aporate if left in an open 
pail. In the e ent e aporation is not possible or practical  off site disposal arrangements must be made. 
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 Monitored Natural Attenuation Groundwater Sample Collection Procedure (OP3 3) 
     

� USEPA Low flow (minimal drawdown) groundwater sampling procedures (EPA/ /S / )  April 
.

� USEPA:  Technical Protocol for E aluating Natural Attenuation of Chlorinated Sol ents in 
Groundwater  EPA/ /R / 2  September .

� National Research Council  2 .  Natural Attenuation for Groundwater Remediation  pp. .

� arcelona  M. .  H.A. Wehrmann  and M.D. Varl en. . Reproducible Well Purging Procedures 
and VOC Stabili ation Criteria for Ground Water Sampling. Ground Water. V. 32  pp. 2 22. 

� Pennino .D. . There is No Such Thing as a Representati e Ground Water Sample. Ground 
Water Monitoring Re iew. V  pp. .

� Puls  R.W. and R.M. Powell. 2. Ac uisition of Representati e Ground Water uality Samples for 
Metals. Ground Water Monitoring Re iew. V. 2  pp. .   

� USEPA Region 3. .  Recommended Procedure for Low Flow Purging and Sampling of 
Groundwater Monitoring Wells. Waste and Chemicals Management Di ision  Low Flow Sampling. 

ulletin No. AD 23.  

� USEPA Region . .  Low Stress (Low Flow) Purging and Sampling for the Collection of 
Groundwater Samples from Monitoring Wells. SOP : GW . Re ision 2. pp. 3. 

� USEPA Region 2. .  Ground Water Sampling Procedure  Low Stress (Low Flow) Purging and 
Sampling. GW Sampling SOP  Final. 
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 Monitored Natural Attenuation Groundwater Sample Collection Procedure (OP3 3) 
     

� OP3  General En ironmental Field Procedures and Protocol 
� OP3  Preser ation and Shipment of En ironmental Samples 
� OP3  Manual Water Le el Measurement Procedure 
� OP3  Monitoring Well De elopment Procedure 
� OP3  Groundwater uality Sampling Procedure 
� OP3 2 Low Stress/Low Flow Groundwater Sampling Procedure 
� OP3  NAPL Monitoring and Sampling Procedure
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� Form 3  Sampling Labels (En ironmental) 
Form 3 3 Chain of Custody  �

�

�

�

Form 3  Sampling Record 
Form 3  Groundwater Sampling Record 
Form 3  Monitoring Well De elopment Report 
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Sample ID: File Number: Sample ID: File Number:

Depth: Project: Depth: Project:

Date: Analysis: Date: Analysis:

Time: Preservative: Time: Preservative:

Collected By: Laboratory: Collected By: Laboratory:

Comments: Comments:

Sample ID: File Number: Sample ID: File Number:

Depth: Project: Depth: Project:

Date: Analysis: Date: Analysis:

Time: Preservative: Time: Preservative:

Collected By: Laboratory: Collected By: Laboratory:

Comments: Comments:

Sample ID: File Number: Sample ID: File Number:

Depth: Project: Depth: Project:

Date: Analysis: Date: Analysis:

Time: Preservative: Time: Preservative:

Collected By: Laboratory: Collected By: Laboratory:

Comments: Comments:

Sample ID: File Number: Sample ID: File Number:

Depth: Project: Depth: Project:

Date: Analysis: Date: Analysis:

Time: Preservative: Time: Preservative:

Collected By: Laboratory: Collected By: Laboratory:

Comments: Comments:

Sample ID: File Number: Sample ID: File Number:

Depth: Project: Depth: Project:

Date: Analysis: Date: Analysis:

Time: Preservative: Time: Preservative:

Collected By: Laboratory: Collected By: Laboratory:

Comments: Comments:

Haley & Aldrich, Inc.
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Boston, MA 02129
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Haley & Aldrich, Inc.
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WATER AND WASTEWATER METHODS Solid Liquid

Analysis Description  Method No. Preservative Sample Volume/Container Holding Time

Alkalinity 310 Cool 4
o
C N/A 250 mL HDPE 14 days

Amenable Cyanide Std. Mth. 412 F. pH>12 NaOH, Cool 4
o
C N/A 1 L HDPE 14 days

Ammonia 350 pH<2 H2SO4, Cool 4
o
C N/A 1 L HDPE 28 days

Base/Neutral & Acid Extractables 625 Cool 4
o
C N/A 1 L Amber 7 days Ext/40 days Analyze 

Biochemical Oxygen Demand (BOD) 405.1 Cool 4
o
C N/A 2 L HDPE 48 hours

Chemical Oxygen Demand (COD) 410 pH<2 H2SO4, Cool 4
o
C N/A 125 mL HDPE 28 days

Chloride 300.0, 325 None Required N/A 125 mL HDPE 28 days

Chromium, Hexavalent 3500D, 218.4/5 None Required N/A 1 L HDPE 24 hours

Fluoride 300.0, 340 None Required N/A 500 mL HDPE 28 days

Hardness, Total (as CaCO3) 130 pH<2 H2SO4, Cool 4
o
C N/A 250 mL HDPE 6 Months

Nitrate 300.0, 352.1 Cool 4
o
C N/A 250 mL HDPE 48 Hours

Nitrite 300.0, 354.1 Cool 4
o
C N/A 125 mL HDPE 48 Hours

Orthophosphate 300.0, 365 Filter, Cool 4
o
C N/A 125 mL HDPE 48 Hours

PCBs 608 Cool 4
o
C N/A 1 L Amber 7 days Ext/40 days Analyze

Pesticides 608 Cool 4
o
C N/A 1 L Amber 7 days Ext/40 days Analyze

Physiologically Available Cyanid MADEP draft pH>12 NaOH, 4
o

C N/A 1 L HDPE 14 days

Priority Pollutant Metals (13 Metals) 200.7/AA, 200 Series pH<2 HNO3, 4
o

C N/A 1 L HDPE 28 days (Hg), 6 mos. (others)

Purgeable Halocarbons & Aromatics 601/602 pH 2 HCI, Cool 4
o
C N/A 40 mL Glass Vial 14 days

RCRA Metals (8 Metals) 200.7/AA, 200 Series pH<2 HNO3, 4
o

C N/A 1 L HDPE 28 days (Hg), 6 mos. (others)

Sulfate 300.0, 375 Cool 4
o
C N/A 250 mL HDPE 28 days

Sulfide 376 pH>9 NaOH, Zn Acetate, Cool 4
o
C N/A 1 L HDPE 7 days

Sulfite 377.1 None Required N/A 125 mL HDPE Analyze Immediately

Total Cyanide 335 pH>12 NaOH, Cool 4
o
C N/A 1 L HDPE 14 days

Total Dissolved Solids (TDS) 209 Cool 4
o
C N/A 250 mL HDPE 7 days

Total Organic Carbon (TOC) 415 pH<2 HCI or H2SO4, Cool 4
o
C, Dark N/A 40 mL Amber 28 days

Total Organic Halogen (TOX) 506 pH<2 HNO3, 4
o

C N/A 1 L Amber check with lab

Total Phenolics 420.1 pH<2 H2SO4, Cool 4
o
C N/A 1 L Amber 28 days

Total Phosphorus 365 pH<2 H2SO4, Cool 4oC N/A 125 mL HDPE 28 days

Total Solids (TS) 160.3 Cool 4
o
C N/A 250 mL HDPE 7 days

Total Suspended Solids (TSS) 160.2 Cool 4
o
C N/A 250 mL HDPE 7 days

Volatile Organics 624 pH 2 HCI, Cool 4
o
C N/A 40 mL Glass Vial 14 days

Weak and Dissociable Cyanide Std. Mth. 412 H. pH>12 NaOH, Cool 4
o
C N/A 1 L HDPE 14 days

DRINKING WATER ANALYSIS

Volatile Organics 502.2 or 524.2 pH 2 HCI, Cool 4
o
C N/A 40 mL Glass Vial 14 days

MICROBIOLOGY

Fecal Coliform STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

Standard Plate Count STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

Total Coliform STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

Yeast and Mold STDMTH Cool 4o C N/A sterile, 125 mL 6 hours

SOIL/SEDIMENTS/WATER Solids (S) / Liquids (L) Solid Liquid

Analysis Description Method No. Preservative Sample Volume/Container Holding Time

Acid Extractables/Base/Neutral Extractables 8270 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Amenable Cyanide - S: 4
o

C / L: pH>12 NaOH, 4
o

C 4 oz. CWM 1 L HDPE 14 days

Chromium, Hexavalent 3060A/7196 S/L: Cool 4
o
C 8 oz. CWM 1 L HDPE 24 hours

Extractable Hydrocarbons 8015B S: Cool 4
o
C / L: pH<2 HCI, 4

o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Herbicides 8150 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Non-Halogenated Organics 8015B S: Cool 4
o
C / L: pH<2 HCI, 4

o
C 4 oz. CWM 40 mL Glass Vial 14 days

PAH (low level) 8310 or GC/MS SIM S/L: Cool 4
o
C 8 oz. AWM 1 L Amber 7 days Ext/40 days Analyze

Paint Filter Liquids Test 9095 S: Cool 4
o
C 8 oz. CWM 1 L Amber Analyze ASAP

PCBs 8082 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Pesticides 8081 S/L: Cool 4
o
C 8 oz. CWM 1 L Amber 7 days Ext/40 days Analyze

Physiologically Available Cyanid MADEP draft S: 4
o

C / L: pH>12 NaOH, 4
o

C 4 oz. CWM 1 L HDPE 14 days

Priority Pollutant Metals(13 Metals) 6010&7000 S: 4
o

C / L: pH<2 HNO3, 4
o

C 8 oz. CWM 1 L Amber 28 days (Hg), 6 mos. (others)

RCRA Metals (8 Metals) 6010&7000 S: 4
o

C / L: pH<2 HNO3, 4
o

C 8 oz. CWM 1 L Amber 28 days (Hg), 6 mos. (others)

Total Cyanide 9010 S: 4
o

C / L: pH>12 NaOH, 4
o

C 4 oz. CWM 1 L HDPE 14 days

Volatile Hydrocarbons 8015B S: Cool 4
o
C / L: pH<2 HCI, 4

o
C 4 oz. CWM 40 mL Glass Vial 14 days

Volatile Organics 8260B, 8021 S: methanol/NaHSO4, 4
o
C / L: pH<2 HCI, 4

o
C 4 oz. CWM 40 mL Glass Vial 14 days

RCRA HAZARDOUS WASTE CHARACTERIZATION

Corrosivity (pH only) SW846-7.2 S: Cool 4
o
C 4 oz. CWM check with lab Analyze ASAP

Ignitability/Flashpoin SW846-7.1 S: Cool 4
o
C 4 oz. CWM check with lab Analyze ASAP

Reactivity (CN-/S2-) SW846-7.3 S: Cool 4
o
C 4 oz. CWM check with lab Analyze ASAP

TCLP (RCRA 8) Metals (check for mercury) 1311 S: Cool 4
o
C 16 oz. CWM check with lab 6 mos. Ext/6 mos. Analyze 

TCLP Pesticides/Herbicides 1311 S: Cool 4
o
C 16 oz. CWM check with lab 14 days Ext/40 days Analyze 

TCLP Semivolatiles 1311 S: Cool 4
o
C 16 oz. CWM check with lab 14 days Ext/40 days Analyze 

TCLP Volatiles 1311 S: Cool 4
o
C 8 oz. CWM check with lab 14 days Ext/14 days Analyze

HYDROCARBON OIL & GREASE ANALYSIS

MADEP EPH Method MADEP REV. 0 S: Cool 4
o

C / L: pH<2 HCl, 4
o

C 4 oz. Amber 1 L Amber S:7 days Ext / L:14 days Ext

MADEP EPH Method (C-Ranges only) MADEP REV. 0 S: Cool 4
o

C / L: pH<2 HCl, 4
o

C 4 oz. Amber 1 L Amber S:7 days Ext / L:14 days Ext

MADEP VPH Method MADEP REV. 0 S: methanol, 4
o
C / L: pH<2 HCI, 4

o
C 40 mL+2 oz. CWM. 40 mL Glass Vial S: 28 days / L: 14 days

MADEP VPH Method (C-Ranges only) MADEP REV. 0 S: methanol, 4
o
C / L: pH<2 HCI, 4

o
C 40 mL+2 oz. CWM. 40 mL Glass Vial S: 28 days / L: 14 days

MADEP EPH Method - with selected PAHs MADEP REV. 0 S: Cool 4
o

C / L: pH<2 HCl, 4
o

C 4 oz. Amber 1 L Amber S:7 days Ext / L:14 days Ext

   (including acenaphthene, naphthalene,

     2-methylnaphthalene, and phenanthrene

Petroleum Identification ASTM D3328

  Quantitative (include Chromatograms) S: Cool 4
o

C / L: pH<2 H2SO4, 4
o

C 4 oz. CWM 1 L Amber S: 7 days / L: 28 days

Total Petroleum Hydrocarbons (Infrared 418.1 S: Cool 4 C / L: pH<2 H2SO4, 4 C 4 oz. CWM 1 L Amber S: 7 days / L: 28 days

AIR METHODS
Analysis Description Method No. Preservative Sample Volume/Container Holding Time

Volatile Organic Compounds EPA T01/T02 tubes: 4
o

C; Tedlar Bags: dark N/A N/A tube: 14 days; bag: 72 hours

Volatile Organic Compounds EPA T014 check with lab N/A N/A can: 14 days; bag: 72 hours

VPH in air EPA T01/T02 tubes: 4
o

C; Tedlar Bags: dark N/A N/A tube: 14 days; bag: 72 hours

VPH in air EPA T014 check with lab N/A N/A can: 14 days; bag: 72 hours

This table is offered for informational purposes only and is intended to be followed and used by persons having related technical skills and at their own discretion and risk. Since conditions and the manner of use are outside of Haley & 

Aldrich's control, we make no warranties, express or implied, and accept no liability in connection with any use of this information. IT IS THE USER'S RESPONSIBILITY TO VERIFY THE SUITABILITY OF USE AND 

CORRECTNESS OF THE INFORMATION SUPPLIED.
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Weather Temperature

Ground surface Conditions Dry Wet Damp Standing Water Snow (_____in)  Other___________

Comments

General Comments:  (ie: field filtrations, persons communicated with at site, etc.)

SAMPLING RECORD
Page

FIELD REP

DATE

Container

Type

SOIL SAMPLING AND SURFACE WATER SAMPLING INFORMATION

Sample

No.

Sampling

Device Prodedure

Cleaning
Location Time Sample Description

PROJECT

LOCATION

CLIENT

CONTRACTOR

H&A FILE NO.

PROJECT MGR.

Depth (ft)
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Remarks:  (ie: field filtrations, persons communicated with at site, etc.)

1. Standing Water Depth = Depth of Well - Water Depth

Page

PROJECT

LOCATION

CLIENT

CONTRACTOR

PROJECT MGR.

FIELD REP

DATE

H&A FILE NO.

GROUNDWATER SAMPLING RECORD

GROUNDWATER  SAMPLING  INFORMATION

ABN

Metals

Well No.

Water Depth (ft)

Time

Product

T
IM

E
 S

A
M

P
L

E
S

 T
A

K
E

N

Time Purging Stopped

Sampling Device

Cleaning Procedure

VOA

Purging Device

Volume of Bailer/Pump Capacity

Cleaning Procedure

Bails Removed/ Volume Removed

Depth Of Well (ft)

Inside Diameter (in)

Standing Water Depth (ft) 
(1)

Volume Of Water In Well (gal)

P
A

R
A

M
E

T
E

R
S

Color

Odor

pH

Conductivity

Turbidity

Time Purging Started

Salinity

Dissolved Oxygen

Temp,
0
 C
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gallons

feet

feet

NTU

gallons

feet

feet

NTU

CONTRACTOR

PROJECT MGR.

DATE

PROJECT

LOCATION

MONITORING WELL

DEVELOPMENT REPORT

FIELD REP.

H&A FILE NO.

CLIENT

Well No.

Page 1 1

Comments:

Comments:

Method of Removal (bailing, pumping):

Comments:

Comments:

Comments:

Comments:

Depth to Water Before Development:

Depth to Well Bottom Before Development:

Comments:

Turubitiy of Water Before Development:

ELEVATION SUBTRAHEND

Depth to Well Bottom After Development:

Depth to Water After Development:

Estimated Volume of Water Lost During Drilling:

Comments:

Volume of Water Removed:

Turubitiy of Water After Development:

Comments:
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Executive Summary

This fact sheet has been prepared to ensure that inappropriate fill material is not
introduced onto sensitive land use properties under the oversight of the DTSC or
applicable regulatory authorities. Sensitive land use properties include those that
contain facilities such as hospitals, homes, day care centers, and schools. This docu-
ment only focuses on human health concerns and ecological issues are not addressed.
 It identifies those types of land use activities that may be appropriate when deter-
mining whether a site may be used as a fill material source area. It also provides
guidelines for the appropriate types of analyses that should be performed relative to
the former land use, and for the number of samples that should be collected and
analyzed based on the estimated volume of fill material that will need to be used.
The information provided in this fact sheet is not regulatory in nature, rather is to be
used as a guide, and in most situations the final decision as to the acceptability of fill
material for a sensitive land use property is made on a case-by-case basis by the
appropriate regulatory agency.

Introduction

The use of imported fill material has recently come under scrutiny because of
the instances where contaminated soil has been brought onto an otherwise clean
site. However, there are currently no established standards in the statutes or
regulations that address environmental requirements for imported fill material.
Therefore, the California Environmental Protection Agency, Department of
Toxic Substances Control (DTSC) has prepared this fact sheet to identify pro-
cedures that can be used to minimize the possibility of introducing contami-
nated soil onto a site that requires imported fill material. Such sites include
those that are undergoing site remediation, corrective action, and closure ac-
tivities overseen by DTSC or the appropriate regulatory agency. These proce-
dures may also apply to construction projects that will result in sensitive land
uses. The intent of this fact sheet is to protect people who live on or otherwise
use a sensitive land use property.  By using this fact sheet as a guide, the reader
will minimize the chance of introducing fill material that may result in poten-
tial risk to human health or the environment at some future time.

California
Environmental

Protection Agency

It is DTSC’s
mission to restore,

protect and
enhance the

environment, to
ensure public

health,
environmental

quality and
economic vitality,

by regulating
hazardous waste,
conducting and

overseeing
cleanups, and

developing and
promoting
pollution

prevention.

State of California

DEPARTMENT OF TOXIC SUBSTANCES CONTROL

Information Advisory
Clean Imported Fill Material

The energy challenge facing California is real.  Every Californian needs to take immediate action to reduce energy
consumption.  For a list of simple ways you can reduce demand and cut your energy costs, see our website at www.dtsc.ca.gov.

DEPARTMENT
O

F
T
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Overview

Both natural and manmade fill materials are used
for a variety of purposes. Fill material properties are
commonly controlled to meet the necessary site spe-
cific engineering specifications. Because most sites
requiring fill material are located in or near urban
areas, the fill materials are often obtained from con-
struction projects that generate an excess of soil, and
from demolition debris (asphalt, broken concrete,
etc.). However, materials from those types of sites
may or may not be appropriate, depending on the
proposed use of the fill, and the quality of the as-
sessment and/or mitigation measures, if necessary.
Therefore, unless material from construction
projects can be demonstrated to be free of contami-

Potential Contaminants Based on the Fill Source Area

Fill Source:

Land near to an existing freeway

Land near a mining area or rock quarry

Agricultural land

Residential/acceptable commercial land

Target Compounds

Lead (EPA methods 6010B or 7471A), PAHs
(EPA method 8310)

Heavy Metals (EPA methods 6010B and
7471A), asbestos (polarized light
microscopy), pH

Pesticides (Organochlorine Pesticides: EPA
method 8081A or 8080A; Organophospho-
rus Pesticides: EPA method 8141A; Chlori-
nated Herbicides: EPA method 8151A),
heavy metals (EPA methods 6010B and
7471A)

VOCs (EPA method 8021 or 8260B, as
appropriate and combined with collection
by EPA Method 5035), semi-VOCs  (EPA
method 8270C), TPH (modified EPA method
8015), PCBs (EPA method 8082 or 8080A),
heavy metals including lead (EPA methods
6010B and 7471A), asbestos (OSHA Method
ID-191)

nation and/or appropriate for the proposed use, the
use of that material as fill should be avoided.

Selecting Fill Material

In general, the fill source area should be located in
nonindustrial areas, and not from sites undergoing
an environmental cleanup.  Nonindustrial sites in-
clude those that were previously undeveloped, or
used solely for residential or agricultural purposes.
If the source is from an agricultural area, care should
be taken to insure that the fill does not include
former agricultural waste process byproducts such
as manure or other decomposed organic material.
Undesirable sources of fill material include indus-
trial and/or commercial sites where hazardous ma-

*The recommended analyses should be performed in accordance with USEPA SW-846 methods (1996).
Other possible analyses include Hexavalent Chromium: EPA method 7199
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Area of Individual Borrow Area

2 acres or less

2 to 4 acres

4 to 10 acres

Greater than 10 acres

Volume of Borrow Area Stockpile

Up to 1,000 cubic yards

1,000 to 5,000 cubic yards

Greater than 5,000 cubic yards

Sampling Requirements

Minimum of 4 samples

Minimum of 1 sample every 1/2 acre

Minimum of 8 samples

Minimum of 8 locations with 4 subsamples
per location

Samples per Volume

1 sample per 250 cubic yards

4 samples for first 1000 cubic yards +1
sample per each additional 500 cubic yards

12 samples for first 5,000 cubic yards + 1
sample per each additional 1,000 cubic
yards

Recommended Fill Material Sampling Schedule

terials were used, handled or stored as part of the
business operations, or unpaved parking areas where
petroleum hydrocarbons could have been spilled or
leaked into the soil. Undesirable commercial sites
include former gasoline service stations, retail strip
malls that contained dry cleaners or photographic
processing facilities, paint stores, auto repair and/or
painting facilities. Undesirable industrial facilities
include metal processing shops, manufacturing fa-
cilities, aerospace facilities, oil refineries, waste treat-
ment plants, etc.  Alternatives to using fill from con-
struction sites include the use of fill material ob-
tained from a commercial supplier of fill material
or from soil pits in rural or suburban areas.  How-
ever, care should be taken to ensure that those ma-
terials are also uncontaminated.

Documentation and Analysis

In order to minimize the potential of introducing
contaminated fill material onto a site, it is necessary

to verify through documentation that the fill source
is appropriate and/or to have the fill material ana-
lyzed for potential contaminants based on the loca-
tion and history of the source area. Fill documenta-
tion should include detailed information on the pre-
vious use of the land from where the fill is taken,
whether an environmental site assessment was per-
formed and its findings, and the results of any test-
ing performed. It is recommended that any such
documentation should be signed by an appropri-
ately licensed (CA-registered) individual. If such
documentation is not available or is inadequate,
samples of the fill material should be chemically ana-
lyzed. Analysis of the fill material should be based
on the source of the fill and knowledge of the prior
land use.

Detectable amounts of compounds of concern
within the fill material should be evaluated for risk
in accordance with the DTSC Preliminary Endan-
germent Assessment (PEA) Guidance Manual. If
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metal analyses are performed, only those metals
(CAM 17 / Title 22) to which risk levels have been
assigned need to be evaluated.  At present, the
DTSC is working to establish California Screen-
ing Levels (CSL) to determine whether some com-
pounds of concern pose a risk.  Until such time as
these CSL values are established, DTSC recom-
mends that the DTSC PEA Guidance Manual or
an equivalent process be referenced. This guid-
ance may include the Regional Water Quality
Control Board’s (RWQCB) guidelines for reuse
of non-hazardous petroleum hydrocarbon con-
taminated soil as applied to Total Petroleum Hy-
drocarbons (TPH) only.  The RWQCB guidelines
should not be used for volatile organic compounds
(VOCs) or semi-volatile organic compounds
(SVOCS).  In addition, a standard laboratory data
package, including a summary of the QA/QC
(Quality Assurance/Quality Control) sample re-
sults should also accompany all analytical reports.

When possible, representative samples should be col-
lected at the borrow area while the potential fill ma-
terial is still in place, and analyzed prior to removal
from the borrow area.  In addition to performing
the appropriate analyses of the fill material, an ap-
propriate number of samples should also be deter-
mined based on the approximate volume or area of
soil to be used as fill material.  The table above can
be used as a guide to determine the number of
samples needed to adequately characterize the fill
material when sampled at the borrow site.

Alternative Sampling

A Phase I or PEA may be conducted prior to sam-
pling to determine whether the borrow area may
have been impacted by previous activities on the
property. After the property has been evaluated, any
sampling that may be required can be determined
during a meeting with DTSC or appropriate regu-
latory agency. However, if it is not possible to ana-
lyze the fill material at the borrow area or deter-
mine that it is appropriate for use via a Phase I or
PEA, it is recommended that one (1) sample per
truckload be collected and analyzed for all com-

pounds of concern to ensure that the imported soil
is uncontaminated and acceptable. (See chart on
Potential Contaminants Based on the Fill Source
Area for appropriate analyses). This sampling fre-
quency may be modified upon consultation with
the DTSC or appropriate regulatory agency if all of
the fill material is derived from a common borrow
area. However, fill material that is not characterized
at the borrow area will need to be stockpiled either
on or off-site until the analyses have been completed.
In addition, should contaminants exceeding accep-
tance criteria be identified in the stockpiled fill
material, that material will be deemed unacceptable
and new fill material will need to be obtained,
sampled and analyzed.  Therefore, the DTSC rec-
ommends that all sampling and analyses should be
completed prior to delivery to the site to ensure the
soil is free of contamination, and to eliminate un-
necessary transportation charges for unacceptable
fill material.

Composite sampling for fill material characteriza-
tion may or may not be appropriate, depending on
quality and homogeneity of source/borrow area, and
compounds of concern. Compositing samples for
volatile and semivolatile constituents is not accept-
able. Composite sampling for heavy metals, pesti-
cides, herbicides or PAH’s from unanalyzed stock-
piled soil is also unacceptable, unless it is stockpiled
at the borrow area and originates from the same
source area.  In addition, if samples are composited,
they should be from the same soil layer, and not
from different soil layers.

When very large volumes of fill material are antici-
pated, or when larger areas are being considered as
borrow areas, the DTSC recommends that a Phase
I or PEA be conducted on the area to ensure that
the borrow area has not been impacted by previous
activities on the property.  After the property has
been evaluated, any sampling that may be required
can be determined during a meeting with the
DTSC.

For further information, call Richard Coffman, Ph.D.,
R.G., at (818) 551-2175.


