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SUMMARY

This reportpresentsthe resultsof a specialstudy undertakento char-

acterizethe riverbanksprings(i.e.,ground-waterseepage)enteringthee

ColumbiaRiver along the HanfordSite. Radiologicaland nonradiological

, analyseswere performed. Riverwater sampleswere also analyzedfrom

upstreamand downstreamof the Site as well as from the immediatevicinityof

. the springs. In addition,irrigationreturn water and springwater entering

the river along the shorelineoppositeHanfordwere analyzed.

Hanford-origincontaminantswere detectedin springwater enteringthe

ColumbiaRiver along the HanfordSite. The type and concentrationsof con-

taminantsin the springwater were similarto those known to exist in the

groundwater near the river. The locationand extentof the contaminated

dischargescomparedfavorablywith recentground-waterreportsand predic-

tions. Springdischargevolumesremain very small relativeto the flow of

the Columbia. Downstreamriver samplingdemonstratesthe impact of ground-

water dischargesto be minimal,and negligiblein most cases.

Radionuclideconcentrationswere belew U.S. Departmentof EnergyDerived

ConcentrationGuides (DCGs)with the exceptionof 90Sr near the IO0-N Area.

Tritium,while below the DCG, was detectedat concentrationsabove the U.S.

EnvironmentalProtectionAgency drinkingwater standardsin severalsprings.

All other radionuclideconcentrationswere belowdrinkingwater standards.

Nonradiologicalcontaminantswere generallyundetectablein the springwater.

River water contaminantconcentrations,outsideof the immediatedischarge

zones, were below drinkingwater standardsin all cases,
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INTRODUCTION

This reportpresentsthe resultsof a specialstudyperformedby the

SurfaceEnvironmentalMonitoringProject(SEMP)to investigatethe radiologi-

cal and nonradiologicalcharacteristicsof the riverbank_pringsenteringthe

, Columbia River along 'theHanfordSite shoreline. The SEMP is conductedby

PacificNorthwestLaboratory(PNL) for the U.S, Departmentof Energy (DOE).

' RoutineSEMP monitoringactivitiesprovidea historicalrecord of

radionuclideconcentrationsand radiationlevels attributableto natural

causes,worldwidefallout,and HanfordOperations. Data are also collected

to monitor levelsof nonradiologicalcontaminantsat the HanfordSite and in

the ColumbiaRiver. In additionto routinemonitoringactivities,special

studiesare also conductedperiodicallyto enhancethe understandingof

specificaspectsof the Hanfordenvironment. The specialstudy described

hereinwas performedduring 1988 to supplementthe routinemonitoringprogram

and to follow up on previouslyconductedstudiesinvestigatingsimilarenvi-

ronmentalconditions.

BACKGROUNDINFORMATION

The HanfordSite is locatedin southeasternWashingtonState, occupying

an area of approximately560 squaremiles The Site lies approximately

170 miles southeastof Seattle,Washington,125 miles southwestof Spokane,

Washington,and 200 miles northeastof Portland,Oregon (FigureI). The

ColumbiaRiver flows throughthe northernportionof the HanfordSite and

forms part of the Site's easternboundary. The RattlesnakeHills, with

elevationsin excess of 3200 feet, form part of the southernboundaryof the

Site. The ColumbiaRiver BasaltGroup, the RingoldFormation,and a series

of glaciofluvialsands and gravejsknown informallyas the Hanfordsediments

are the predominantgeologicalunits. Both confinedand unconfinedaquifers

" exist beneaththe HartfordSite. ,

The HanfordSite was originallyestablishedin 1943 for the production

of plutoniumfor use in nuclearweapons. As a resultof operationsat

i
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Hanford,large volumesof wastewaterwere generatedand dischargedto the

ground. The disposalof this liquideffluentto the ground has had a con-

siderableimpacton the groundwater in the unconfinedaquiferbeneaththe

Site. Water levelshave been influencedand the local flow patterns,gen-

erallyfrom the rechargeareas in the west to the dischargeareas (primarily

. the ColumbiaRiver) in the east, have been altered. Becauseof the continual

variationin both t_e volumesand make-upof the wastewater,the movementof

the groundwater and its associatedcontaminantshave changedwith time. In

addition,the dischargelocationsof the contaminatedgroundwater into the

ColumbiaRiver have expandedover time, encompassinga larger segmentof the

shoreline.

The Ground-WaterProtectionand MonitoringProject(GWPMP),formerlythe

HanfordGround-WaterSurveillanceProgram,is responsiblefor monitoringthe

groundwater beneaththe HanfordSite. Monitoringis performedvia a network

of samplingwells locatedthroughoutthe Site. Sampleresultsare reported

in a seriesof semi-annualand annualground-watermonitoringreports.

Recently,the ground-watermonitoringand surfaceenvironmentalmonitoring

data have'beencombinedin a singleHanfordSite environmentalmonitoring

report (Price1986). While this programhas been primarilyinterestedhis-

toricallyin radioactivepollutantsin the groundwater, nonradiological

contaminantshave also been monitoredduring the past few years. In addition

to the routinesitewideground-watermonitoringproject,severalhazardous

waste ground-watermonitoringcomplianceprojectsare ongoingat various

locationson the Site that provideinformationrelativeto contaminantcon-

centrationsin the groundwater beneaththe Site. Two such projectsare

presentlybeing conductedin areas near the river,one in the IO0-H Area and

the other in the 300 Area. These projectsprovideextensiveinformation

about the contaminantsin the groundwater near the river along these areas

(Schallaet al. 1988; Liikalaet al. 1988).

" Monitoringdata have shown severalcontaminantsto be present in the

groundwater beneathwaste disposalsites. The data also indicatethat sev-

eral of these contaminantsare mobile in the ground-watersystemand travel

at variousrates throughthe unconfinedaquifer,eventuallyto dischargeto

the ColumbiaRiver. Estimatesof ground-watercontaminanttraveltimes,made
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since the early 1950s,were recentlysummarizedby Freshleyand Graham

(1988)o Tritiumand nitrateare the primaryconstituentsused in determining
P

the extentof the contaminatedgroundwater on the HanfordSite since they

are presentin easilymeasurablequantitiesand they move throughthe ground

water virtuallyunimpeded. Figures2 and 3 show tritiumand nitrateconcen-

trationsin the unconfinedaquiferduring 1988, illustratingthe migrationaf

contaminantsaway from waste disposalareas. The primaryareas where contam-

inated groundwater ix dischargingintothe ColumbiaRiver are also evident

in these figures.

The SEMP is responsiblefor the monitoringof the surfacewater on and

around the HanfordSite. ColumbiaRiver monitoringhas been performedat

Hanfordsince 1945, shortlyafter the startupof the originalplutoniumpro-

ductionreactors. S_mples have been collectedroutinelyfrom severalloca-

tions over the years, with the primaryemphasisof the programfocusedon

the evaluationof the potentialdose to those persons using and/orconsuming

the river water. In addition,specialstudieshave investigatedthe mixing

characteristicsof the river and the dispersionof contaminantsenteringthe

river along the HanfordReach. The springs,or ground-waterseepage,are

also sampledperiodicallyas part of the SEMP.

The seepageof ground water into the Columbia River has been known to

exist for many years. Spring dischargeswere documentedalong the Hanford

Reach long beforethe startupof Hanfordoperations(Jenkins1922). These

relativelysmall springsflow intermittently,apparentlyinfluencedprimarily

by the changesin the river level. During periodsof high river stage,the

flow of groundwater may be temporarilyreversedwith riverwater infiltrat-

ing the riverbank(Raymondand Brown 1963). This phenomena,referredto as

bank storage,is a key factor in samplecollectionand in data interpreta-

tion. The interfacebetweenthe groundwater and the ColumbiaRiver is

highlycomplexand not well defined. Seepageabove the river level is con-
i

sideredto be just a fractionof the total amount of ground water entering

the river along 'theHanfordReach. The exchangeof ground-watercontaminants

at depth betweenthe ground water and the river throughsubmergedseepageis

not well understood.
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The volume of the ground-water discharge to the river along the entire

Hanford Reach has not been quantified• However, estimates of the ground-

water discharge in _pecific areas a'longthe Site have been reported. The

N-Springs, adjacent to the IO0-N Area, discharged approximately
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14,700,000ft3 during 1987, or an averageflowrateover the year of approxi-

mately 0.5 ft3/s (Rokkan1988). The contaminatedground-waterdischargeto

the river near the HanfordTownsite,as a resultof pastwaste disposal

practicesin the 200 Areas, has been estimatedto be approximately3.0 Ft3/s



(Clineet al. 1985). These two areas,IO0-N Area and th_.HanfordTownsite,

have been identifiedas major discilargezones for contaminatedHanfordground

water• Based on these estimates,it is apparentthat the total flow of

groundwaterinto the ColumbiaRiver is very small when comparedto the flow

of the ColumbiaRiver. Recentannual averageriver flow rates have ranged

• from 100,000to 120,000ft3/s. The long-termaverageannual flow at Priest

Rapids Dam, based on 68 years of record,is 120,000ft3/s (McGavocket al.

1987).

Ground'waterdischargesalong the HanfordReach of the ColumbiaRiver

have beenmonitoredsince the mid-1960s. Springsin the vicinityof the

300-Arearetentionbasin and sewage leachingtrencheswere routinelysampled

and analyzedfor variousbiological,chemical,and radiologicalparameters.

Springsalong the IO0-NArea, resultingfrom liquidwaste disposalpractices,

have been, and are today,monitoredroutinely(Rokkan1988).

In addition,specialstudiesof ground-waterdischargeshave been con-

ducted periodically. The latestof these specialstudieswas conductedin

1982 and 1983 (McCormackand Carlile 1984). This study coveredapproximately

41 miles of HanfordSite shoreline,identifying115 springsor seepageareas.

During this study,the constituentsused as indicatorsof contaminatedground

water were tritiumand nitratebecauseof their predominancein much of the

Hanfordgroundwater. Uraniumanalyseswere substitutedin place of tritium

on samplescollectednear the 300 Area where uraniumis a primaryconstituent

in the groundwater. In additionto these analyses,a few sampleswere

selectedfor the analysisof 90Sr, 99Tc, and gross beta. The McCormackand

Carlile (1984)study confirmedareas of contaminatedground-waterentry into

the ColumbiaRiver and documentedcontaminantconcentrationssimilarto the

local ground water in the riverbankspringwater.

Numerousattemptsto samplethe riverbankspringshave been made since

the McCormackand Carlile(1984)study. A cooperativesamplingprogramwas

initiatedin 1984 that concentratedits effort on the ColumbiaRiver and the

ground-waterseepageenteringthe river along the HanfordReach. A few

springshave been sampledconsistentlyover the years as a result of this

program. This programis an ongoingeffort presentlyinvolvingthe state of



Washington,the state of Oregon,the U.S. EnvironmentalProtectionAgency

(EPA),the WashingtonPublicPower SupplySystem,SEARCH,Inc., and the DOE_

representedby PNL. When and where samplecollectionwas successful_sample

resultsobtainedas a result of this programhave generallybeen in good

agreementwith previousobservationsand provideadditionalbackground

informationconcerningthe concentrationsof variousradionuclidesin the

ground-waterdischarges(Jaquishet al. 1987).



SPRINGCHARACTERIZATIONSTUDY DESCRIPTION

The FY 1988 ProjectManagementPlan (PMP) for the SEMP includeda

specialstudy to characterizethe riverbankspringsalong the HanfordSite

shoreline. The objectivesof the SpringCharacterizationStudywere to

. monitorthe dischargesalong the HanfordReach shorelinefor radiologicaland

nonradiologic_lconstituentsand definepoints suitablefor the establishment

• of permanent,routinespringsamplinglocation:s.

Identificationof previouslydocumentedspringlocationswas not

includedin the scope of this study. Also excludedfrom the scope of the

SpringCharacterizationStudy,as was the case in the McCormackand Carlile

(1984)study,were investigationsof ground-waterdischargesas a functionof

time or as relatedto the flow rate of the ColumbiaRiver. No attemptwas

made to quantifythe amount of groundwater enteringthe river via the

springsduring this effort. The primaryelementsof the SpringCharacteri-

zation Studywere

• follow-upand expansionof the McCormackand Carlile (1984)study

• screeningof radiologicallycontaminatedground-waterplumes for
nonradiologicalparameters

• identificationof permanentsamplinglocations

• identificationof futureneeds relatingto the ground-water/river
system.

Past studieshave providedsignificantbackgroundinformationconcerning

the concentrationsof certaincontaminantsenteringthe river throughthe

dischargeof contaminatedground water. The currenteffortwas intendedto

follow-upand expand on the informationpreviouslyobtained. As such, sample

" locationand analysiscombinationswere selectedto allow for comparisonsof

presentradionuclideconcentrationswith those observed in the past. Similar

• locationsand analysiswere includedto determineif significantincreasesor

decreasesin contaminantconcentrationswere apparent. Other location/

analysiscombinationswere requestedto determinewhat other, if any, con-

taminantswere enteringthe river throughgroundwater and to define the

extentand locationof the ground-waterplumesenteringthe river.



Also includedin this studywere the samplingand analysisof irrigation

returnsand springsalong the FranklinCounty shorelineto identifypoten-

tially significantsourcesof contaminantsnot associatedwith Hanforaopera-

tions enteringthe river along the HanfordReach.

A notabl_change in this study versusthe previousspringstudy is the

expansionG_ analysisto includean extensivenumberof nonradiological

parameters. This providesmuch-neededbackgroundinformationregardingthe

dischargeof nonradiologicalcontaminantsinto the river that can be used by

others in futureground- and surface-watermonitoringactivitiesas w_ll as

in the developmentand implementationof ResourceConservationand Recovery

Act (RCRA)feasibilityinvestigation/correctivemeasuresstudies(RFI/CMS)

and ComprehensiveEnvironmentalResponse,Compensation,and LiabilityAct

(CERCLA)remedialinvestigationsand feasibilitystudies (RI/FS). The

inclusionof nonradiologicalanalysisalso providessome verificationof

observationsand predictionsof the ground-watermonitoringprojectsrelative

to contaminantsin groundwater near the ColumbiaRiver shoreline.

Specificsamplelocationswill be identifiedas part of this task and

incorporatedinto the routineSEMP samplingschedule. In the future,infor-

mation on specific ground-water plumes will be obtained from a specific

spring or springs over time te provide time-series information relative to

both the flow of the spring and the contaminant concentrations in the spring

water when the discharge is active. Routine monitoring of the ground-water

discharges 'into the Columbia River will also provide a degree of public

assurance in the surveillance activities in that a visible, albeit small,

trans#ort pathway is not being ignored.

The final element of this task is intended to identify future needs or

activities that would further enhance our understanding of the ground-water

discharges, the interaction between these and the river, an'_ the transport

and fate of the contaminants entering the river via this pathway. In addi- m

tion, better understanding of the ground-water/spring/river interactions may

lead to improved river monitoring system design and allow for more complete

and accurate data evaluation and interpretation of current river monitoring
results.
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SAMPLINGPLAN

Figure4 illustratesthe extent of the study area. HanfordRiver Miles

(HRMs)shown on this figure are approximate,startingfrom the VernitaBridge

and progressing44 miles downstreamat approximately1-mile intervalsto a

point about i mile downstreamof the 300 Area. HRM _narkershave been placed

° along the river,providinga field referencepoint for river-relatedactivi-

ties and futurerelocationof specificsprings.

Table A.I, AppendixA, providesthe springsample locationsidentified

for the FY 1988 SpringCharacterizationStudy. Ti_elocationsare definedby

HRM, the operationalarea being monitored,and the springnumber,as defined

in the McCormackand Carlile (1984)study. Locationswere selectedto be

consistent,to the extent possible,with the McCormackand Carlile(1984)

study to allow for meaningfulcomparisonsand to maximizethe opportunityto

relocatespringswith a flow adequatefor the collectionof a sample. The

selectedsamplelocationsincludedspringsidentifiedas having"moderate"or

"good"flows in the McCormackznd Carlile (1984)study at locationsjust

upstream,within,or just downstreamof areaswith elevatedcontaminantcon-

centrations. Experiencehas shown that samplingattemptsare not always

successful. Therefore,multiple sites (backupsamplinglocations)along each

operatingarea or point of contaminatedground--waterentry were identifiedin

an effort to obtain at least one meaningfulsamplefrom each area. Sampling

activitieswere scheduledto coincidewith low river flows,to the extent

possible,to maximizethe chancesof findingthe springsflowingand obtain-

ing a sample.

In addition,those sites at which near-shoreriver water sampleswere

scheduledare identifiedin Table A.I. Near-shoreriver water sampleswere

. collectedwithin5 feet of the shorelineand immediatelydownstreamof the

activelyflowingsprings. As such, resultsof near-shoreriverwater samples

• provideinformationconcerningthe localizedinfluenceof the seepageand are

not representativeof averageriver concentrations. River water sampleswere

also collectedfrom the SEMP ColumbiaRiver monitoringstationslocatedat

PriestRapidsDam and the RichlandPumphouse. These sampleswere obtained

from the routinesamplfngsystems.
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Water sample locationswere also identifiedon the FranklinCountyside

of the ColumbiaRiver (oppositeHanford). These sampleswere collectedfrom

two irrigationcanal returnsand from a springentering the river as a result

of extensiveirrig_tionpracticeseast of the river. Resultsof these sam-

ples provide insighton potentialsourcesof contaminantsenteringthe river

. not associatedwith Hanfordoperations,and allow for better interpretation

of resultsobtainedfrom riversamples collecteddownstream•

SAMPLECOLLECTIONAND ANALYS_S

Sample collectionmethodswere consistentat all locationsexcept for

the need to "improve"those sites where the springflow was very low and/or

extremelyshallow. These sites were deepenedto allow for the collectionof

the springwater withoutdisturbingthe sediments• All suspendedmateria'l

was allowedto clear from the modifiedspringsbeforecollectionof the

sample. Care was taken to ensurethe springflow was not interrupted,

reversed,or otherwisemodifiedin such a manner that could influencethe

, sampleresults•

A small hand suctionpm,p was used to transferthe water from the

springsto the sample containers. The pump was thoroughlyrinsed beforeand

followingsample collectionat each site. In addition,the pump was flushed

with springwater at each site beforesamplecollectionto avoid cross

contamination between samples. Flushing the pumpalso served to purge the

spring sampling area, providing fresh spring water for sample collect;on.

Use of the hand pump eliminated the disturbance and inadvertent collection of

sediment material and minimized or eliminated aeration of the sample during

the collection process, which is critical in the sampling and analysis of

numerous nonradiological parameters.

Samples of r:v_r water, where specified, were collected immediately

• downstream of the spring entry point using methods similar to those described

for the collection of spring samples. Water was collected within 2 to 5 feet

of the shoreline at approximately mid-depth. Care was taken to avoid stag-

nant areas along the shoreline to the extent possible and collect t{ ,,_ar-

shore river samples in flowing water.

z
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The analysesperformedon each sample are identifiedin Table A.I,

AppendixA. As with the selectionof sample locations,analyseswere chosen

to allow for comparisonwith previousresultson spring samplesand local

ground-watermonitoringresults. In addition,analyseswere expandedat

several locationsto determinewhat additionalcontaminantsare present in

the springwater entering the river and providebackgroundinformation

concerningthe concentrationsof these contaminants. Radiologicalanalyses

are listed as a specificanalysisexcept in the case of the gamma scan, which

providesconcentrationsof a numberof gamma-emittingradionuclidesincluding

60Co, 106Ru,125Sb, 134Cs, and 137Cs,as well as severalothers. At a mini-

mum, all springwater samplesreceivedanalysisfor gross alpha,gross beta,

gamma scan, tritium,and nitrate (includedin the 735 and 9905 codes).

Nonradiologicalanalysesare listedas laboratorycodes (735 and 9905)

in Table A.1, Appendix A. The 735 code providesfor the determinationof

common anionssuch as chloride,fluoride,nitrate,phosphate,and sulphate

using ion chromatography(IC). The 9905 code is made up of an extensive

set of lists for varioustypes of analyses. The 9905 code includesthe

dangerouswaste constituentsas identifiedby the state of Washingtonin

WAC 173-303-9905(WashingtonState Departmentof Ecology1986). Analysisof

the entire9905 list providesa screeningmechanismon the spring discharges,

ensuringthat potentialcontaminantsare not being overlooked. The 9905 code

includesanalysisfor the ICP metals,enhanced thiourea,enhancedpesticides,

volatileorganiccompounds,phosphorouspesticides,directaqueous injection

analysis,enhancedherbicides,lC Report,PCB analysis arsenic,mercury,

selenium,thallium,lead, total organiccarbon (TOC),cyanide,perchlorate,

, sulfide,ammoniumion, ethyleneglycol,citrus red, total carbon (TC), and

total organichalogen (TOX). Table A.2, AppendixA, lists the specific

nonradiologicalparametersincludedin the 9905 (including735) analytical

code. As is evident in Table A.2, AppendixA, those samplesfor which the

g905 list was requestedreceivedan extensivescreeningfor nonradiological

contaminants. Becauseof the relativelyhigh cost of analysisfor the entire

9905 list, the number of samplesanalyzedfor the entire listwas minimal,

and locationswere selected in areas of known contaminationto maximize the

amountof useful informationobtained.

14



All sampleanalyses,radiologicaland nonradiological,were performedby

UnitedStatesTestingCompany (USI').All analyticalprocedureswere the same

as those used for the routineSEMP and GWPMP samples. An extensiveQuality

Assurance(QA) programis requiredfor the SEMP and GWPMP that documents

typicallab performancefor the analysisperforiiled(Jaquishand Bryce 1989).

Detectionlevelsfor the variousnonradiologicalconstituentsare includedin

Table A.2, AppendixA.

• The type of samplecontainervariedwidely,dependingon theanalyses to

be performed. Multiple_amplecontainerswero requiredat all sample loca-

tions. "thebottlesize, bottle type, method of samplepreservation,and

specialhandlingrequirementswere dependenton the specificanalysisper-

formed. Table A.3, AppendixA, providesthe type of samgle containerand

samplepreservationrequirementsfor each group of analysis.

Nonradiologicalsampleswere stored in ice-filledcoolers,as appropri-

ate, and transportedto the laboratoryas soon as possiblefollowingsample

collection. Samplesto be analyzedfor radiologicalconstituents,while not

having specialpreservationor handlingrequirements,were also transported

to the laboratoryas soon as practicalfollowingsample collection. In all

_ases, sampleswere deliveredto the lab the same day they were collected.



RESULTSAND DISCUSSION

Sampleswere collectedfrom 18 springsbetweenHRM 2 and HRM 44 during

1988as part of the Spring CharacterizationStudy. Sampleswere obtained

from the river along the tOO-B, tOO-N, IO0-D,IO0-H,and 300 Areas. In

, addition,springswere sampledthat are associatedwith the contaminated

ground-waterplume originatingbeneaththe 200 Areas,which enters tileriver

. betweenapproximatelyHRM 27 (HanfordTownsite)and HRM 40. Sampleswere

also collectedupstreamof all past operatingareas near HRM 2 5 and down-

streamof all facilitiesat approximatelyHRM 43.8.

Sampleswere not obtainedat all sites identifiedin the samplingplan.

Locationssuccessfullysampledduring 1988 are identifiedin Table B.I,

AppendixB. Attemptsto co'llectsamplesalong the IO0-K and IO0-FAreas were

unsuccessful. In addition,severalback-upsites were not sampled. A mini-

mum of three samplingattemptswere made at each specificsite. River flow

ratesduring these attemptswere at levelsconduciveto active springflow.

This is supportedby the fact that nearbyspringswere activelyflowingand

successfullysampledduring the same day, sometimesminutesapart. This may

be a resultof changingflow patterns in the local groundwater or perhaps

reflectseasonalvariancesin flow patternssimilarto those identifiedin

the 300 Area (Schallaet al. 1988). Table Bo2, AppendixB, providesthe

river flow rates at PriestRapids Dam during the periodsof sample collec-

tion. Daily averageflow rates are providedfor 2 days before sampling,the

day of samplecollection,and the day followingsampling.

In additionto samplingthe springsthemselves,near-shoreriver water

sampleswere collectedat activelyflowingspringlocationsalong the tOO-N,

tOO-H,and 300 Areas as well as along the Hanfordl'ownsite.As previously
Q

discussed,these sampleswere intended'tomaximizethe localizedinfluenceof

the seepageand are not intendedto be representativeof the averageriver

conditions. River water sampleswere also collectedas plannedfrom the

routineSEMP ColumbiaRiver monitoringstationslocatedat PriestRapids Dam

and the RichlandPumphouse. These sampleswere obtaiFiedfrom the routine

water samplingsystemintakesto providesome indicationof'the concentra-

tions presentin the river at these locationsduringthe spring sampling. As
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scheduled,water sampleswere also collectedfrom two irrigationwater return

canals and a seepagearea on the FranklinCounty shorelinealong the Hanford
S;te.

As indicatedin the initialsamplingplan (TableA.I, AppendixA), all

the spring samplescollectedwere analyzedfor gross alpha,gross beta, gamma

scan, tritium,and nitrate. Selectedsamplesreceivedadditionalradiochem-

ical analysesdependingon their locations. Individualsamplesfrom the

IO0-N,IO0-H, and 300 Areas as well as from the HanfordTownsitearea

(200-Areasground-waterplume) receivedthe extensive9905 screeninglist of

nonradiologicalanalysesin additionto the radiologicalanalysis. In addi,

tion, ColumbiaRiver water samplescollectedat PriestRapids Dam and the

RichlandPumphousewere analyzedfor the entire 'listof nonradio'logical

constituents. Similarly,the springand irrigationreturnwater samples

collectedfrom the FranklinCounty side of the river also receivedthese

analyses.

Backgroundriver concentrationsare of interestin evaluatingthe effect

of the dischargeof groundwater into the riveralong the HanfordSite.

Backgroundriver concentrationsare defined as those levelsobservedupstream

of Hanfordat Priest Rapids Dam or VernitaBridge. Tables B.3 and B.4,

AppendixB, provide backgroundriver concentrationsfor severalradiological

and nonradiologicalparameters. For those constituentswhere data were not

available,values observedin the PriestRapids Dam river water sample col-

lectedas part of this study are used.

Backgroundconcentrationsfor severalcontaminantsin ground water have

been estimatedand are presentedin Table B.5, AppendixB (Evanset al.

1989a and 1989b). The estimatesof backgroundcontaminantconcentrations

were based on samplescollectedfrom areas not affectedby Hanford

operations. Since the springwater is groundwater emanatingfrom the

riverbankand flowinginto the river,ground-waterbackgroundconcentrations e

are appropriatefor comparison. In some cases, backgroundconcentrations

have apparentlynot been estimated,making comparisonswith the spring

samplingdata difficult.

18



Radiologicaland nonradiologicalanalyticalresultsare presentedin

Tables B.6 and B.7, AppendixB, respectively. In general,the concentrations

of those constituentsfor which previousdata exist were similarduring 1988

to those previouslydocumented. In addition,contaminantconcentrations

found in the spring water were generallyat or below those known to exist in

, the local groundwater,,Contaminantconcentrationsin near-shoreriver water

sampleswere indicativeof the localizedeffect of the dischargeof contami-

nated groundwater into the river. Specificresultsare discussed_n more

detail in the followingsubsections.

IO0-B AREA
d

The IO0-B Area has not been identifiedas an area of extensiveground-

water dischargeto the ColumbiaRiver, althoughseveralspringshave been

documentedalong the shorelinethat containedelevated levelsof tritiumand

nitrate. Only one active springwas found in the vicinityof the IO0-B Area,,,

during the 1988 samplingactivities. This spring was locatedjust upstream

of the 181-B Water Intakeat about HRM 3.75. Spring locationsdownstreamof

the water intake,identifiedin previousstudies,were visitedon several

occasions;however,no flow was present. Tritium and nitrateconcentrations

observedduring 1988 in the springwater (1100pCi/L and 6700 ppb, respec-

tively)were similarto those observedin 1982 and slightlylower than those

present in the local groundwater during 1988(McCormackand Carlile1984;

Evans et al. 1989a and 1989b).

IO0-K AREA

As in the case of the 100mB Area, the IO0-K Area is not considereda

major sourceof ground-waterdischargeto the ColumbiaRiver. Several spring

locationswere identifiedduring 1982 shorelineinspections(McCormackand

Carlile 1984). No spring flow was observedduring any of the three attempts

' to collect samplesfrom the IO0-K Area.
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IO0-.NAREA

The IO0-NArea shorelinehas been identifiedas a major ground-water

dischargearea containingelevatedlevels of severalradionuclidesand

nitrate. The N8T MonitoringWeil, operatedby WestinghouseHanfordCompany,

providesa reliablemethod for the collectio_aof groundwater that is repre-

sentativeof the springwater under most conditions. This well is located

very near the river and is sampledroutinelyby WestinghouseHanfordCompany

as a record of the dischargevia the springsfrom the IO0-N Area (Rokkan

1988). Active springswere not observedin the immediatevicinityof the

monitoringwell during the samplingefforts,althoughthey are knownto flow

periodicallyin this region. Large bouldersplacedalong the shoreline

hinder the locationand samplingof springsthat may be presentin the area.

An additionalspring was locatedand sampleddownstreamof the riprap. This

spring has shown increasedflows since the closureof the 1301-NLiquidWaste

DisposalFacility(LWDF)and startupof the 1325,NLWDF.
i

Radionuclideconcentrationsin the IO0-NArea springswere similarto

those observed in the past and were indicativeof the local groundwater.

Table I presentsthe radionuclideconcentrationsobservedin the springsand

the IO0-N Area groundwater during 1988. Gross beta, tritium,60Co, 90Sr,

and 125Sb are presentat elevatedlevels in the springwater, well above

backgroundriver water concentrations(TableB.3); however,the concentra-

tions are within the range of values observedin the local groundwater. Of

these,gross beta, tritium,and 90Sr are above the applicabledrinkingwater

standard(DWS). The 90Sr concentrationis abovethe DOE DerivedConcentra-

tion Guide, Gross beta and 90Sr dischargesto the river via the 1301..NLWDF

and associatedspringshave decreasedduring recentyears, #rimarilyas a

resultof the smallervolumesof water being dischargedintothe LWDF (Rokkan p

1988). However,as shown in Table 2, the concentrationsof these constitu-

ents in the N8T MonitoringWell water have not shown a decrease. This is
J

probablydue to the inventoryof 90Sr remainingin the soil column as a

resultof past effluentdisposalpractices.

Extensivenonradiologicalanalyseswere performedon the samplecol-

lectedfrom the N8T MonitoringWeil. In most instances,nonradio'logical
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TABL______EE_.!1.ContaminantConcentrationsin Springand Ground Water
Along the IO0-N Area ShorelineDuring1988

Concentration,pCi/L
springWater

_Radionuclide GroundWater(a) ' Date HRM 8.9 HRM 9.5

Gross Alpha 3.07 + 2.38 9/06/88 0.55_+0.61 0.37 _+0.46

, 9/13/88 0.0004_+0.28 NS(b)

Gross Beta 40,800_+1,110 9/06/88 13,800+ 100 74 _+8

, 9/15/88 10,800_+296 NS

Tritium 459,000+ 2,210 9/06/88 74,000+ 700 111,000+_870

9/15/88 75,800_+908 NS

90Sr 13,800+ 262 9/06/88 6,680+ 260 0.31 .+0.09

9/15/88 7,270 + 192 NS

60Co 128 _+24 9/06/88 45.0 + 4.5 30.0 + 4.0

9/15/88 53.4 + 19.4 NS

106Ru 116 + 67.3 9/06/88 8.9 + 11.4 13.5 _+14.6

9/15/88 12.6+_71.2 NS

125Sb I08.00+ 47.50 9/06/88 43.1.+ 6.4 ND(c)

9/15/88 ND NS

137Cs 6.01 + 4.79 9/06/88 -0,2 _+1.0 0.4 4_1.1

9/15/88 -0.4 + 4.4 NS

NO3 67, I00 ppb 9/06/88 NA(d) NA

9/15/88 28,630 ppb NS

(a) Maximumreported value from any one well in the general area during 1988.
(b) NS = Not sampled.
(c) ND = Not detected.
(d) NA = Not analyzed.

TABLE2. Selected Contaminants in IO0-N Area Spring Water 1986 through 1988

" ConcenLr_tion,pCi/L(a)

¥ea_._.__rr Beta 3H 60Co 90Sr NO3 __

, 1986 9,120 _+610 65,100 +_ 800 68 + 10 6,060 + 370 9.5 mc!/L

1987 10,500 +_350 84,300-± 1,120 98 + 30 5,830 _+380

1988 13,800 +_110 74,000 + 730 45 + 5 6,680 + 260

(a) The maximumconcentrationis reportedfor thoseyears havingmore than
one sample collected.
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contaminantconcentrationswere below detectionlevels. When detectable,

contaminantconcentrationswere generallyat or below the estimatedback-

ground levelsfor Hanfordgroundwater. Nitrateswere observedat elevated

levels,consistentwith past ground-watermonitoringandspring sampling

results. The concentrationof nitratein the spring sampleswas well above

those typicalof the riverwater,but below the DWS in all cases.

IO0-D AREA

The IO0-D Area has not been identifiedas a major ground,waterdischarge

sourcedirectlyto the river. Predominantground-waterflow in this region

is to the east-northeast,acrossthe northernmosttip of the HanfordSite.

One springwas identifiedalong the IO0-D Area at HRM 11 duringthe McCormack

and Carlile (1984)study. This springwas locatedand successfullysampled

during 1988. Concentrationsof tritium and NO3 found in 1988 were similarto

those observedin 1982 (McCormackand Carlile 1984). The concentrationof

tritiumwas below the analyticaldetectionlevel,well below the DWS of

20,000pCi/L. Nitrate levelswere also well below the DWS and lower than

those observedin the nearby groundwater. The concentrationof 90Sr was

elevatedwith respectto river levels. However,it remainedbelow the

8 pCi/L DWS and _as lower than the maximumobservationmade in the local

groundwater during the first half of 1988 (Evanset al. 1989b).

IO0-H AREA

Springsidentifiedalong the IO0-H Area during the 1982 shoreline

seepageinvestigationwere generallynot flowingduring the 1988 sampling

attempts. Sampleswere successfullyobtainedon two occasionsfrom a small

springat HRM 15. The first samplewas collectedduringJuly and the second

in September. Resultsfrom the two samplesvariedconsiderably,particularly

in the cas: of tritium. This is believedto be a result of the influenceof

river water on the springwater compositionduringthe second sampling, lt

was apparentthat the river level had been ratherhigh a short time before

sampling. Therefore,it is probablethat the water sampledwas a mixtureof

river water and ground water.
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Resultsof springand ground-watersamplescollectedalong the IO0-H

Area during 1988 are includedin Table 3. Tritiumconcentrationsin the

springsduring the first sampling(2520_+220 pCi/L)were considerablyhigher

than those found later in the year (550+ 180 pCi/L). Nitratelevelswere

also "lowerin the Septembersamplethan they were in July(less than 500 ppb

, and 2700 ppb, respectively),similarto thoseobservedin the river, further

supportingthe idea that the sample in Septemberwas composedprimarilyof

river water, l'hese,concentrationswere, however,simi'larto those observed

in nearby springsduringearlierstudiesand below those typicallyobserved

in the local groundwater (McCormackand Carlile1984; Evans et al, 1989a and

198gb).

Resultsof the extensivenonradiologicalanalysisperformedon 'tile

sample collectedduring Septemberrevealedconcentrationssimilarto back

ground levels in those few cases where the constituentswere above the ana-

lyticaldetectionlevel. The IO0-H Area is knownto have elevatedlevels

TABLE 3. SelectedRadionuclideConcentrationsin Springand Ground
Water Along the IO0-H ShorelineDuring 1988

Concentrati_.!#_.o__._C_i/L..........
______._inq_Wate.r.HRM 15•0

R_._adionuclideGr__oound__Water(a) 9_12-88 ' 7-11=88_____
Gross Alpha 1230 O.3n + 0,35 NA_D) -

Gross Beta 1920 1.63.+_ 1.27 NA

3H 5550 545 + 178 2520 + 220

60Co 6.08 -0.55-± I.92 0.9 _+ 1.8

90Sr 10.30 NA 0.2 + 0.I

99Tc 3835 NA NA

106Ru NR(C) -1.69+ 20.1 17 +_ 15

• 125Sb NR NR NR

137Cs NR -0.94+ 1.62 -1.1+_ 1.7

' U Total 166 0.12+_ 0.06 NA

(a) Maximum reportedvalue from any one well in the generalarea during
1988• Uncertaintyterms associatedwith resultsnot reported.

(b) NA = Not analyzed.
(c) r4R= Not reported.
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(aboveDWS) of chromiumin the ground water (Liikalla1988);however,no

evidenceof chromiumwas detected in the springsample. The apparentpres-

ence of river water in the springwater at the time of samplingmay have

diluted the chromiumto less than the detectablelevel. In addition,exami-

nation of the chromiumplume in the IO0-HArea ground water indicatesthat

the chromiummaybe enteringthe river downstreamof the springthat was

sampledduring 1988. Inspectionof the shorelinedownstreamof HRM 15 in

areas of previouslyidentifiedseepagefailedto locateany active springs

during the 1988 samplingattempts°

100-F AREA

No activeseepageareas were locatedduring severalshorelineinspec-

tions along the 100-F Area. Two springswere documentedalong the 100-FArea

(HRM 18.5 to HRM 20) during earlierinvestigations(McCormackand Carlile

1984). Three attemptsto locatethese springsin these areas during 1988
were unsuccessful.

300 AREA

Seepageof the contaminated300-Areagroundwater is of particular

interestbecauseof its proximityto drinkingwater supply intakes_ The

300_Areawater system intakeis locateddirectlydownstreamof activeseepage

areas and within the contaminatedground-waterplume as identifiedin recent

ground-watermonitoringreports(Schallaet al. 1988; Jaquishand Bryce

1989)• In addition,the city of Richlandwithdrawsriver water for its water

supply approximately5 miles downstreamof the 300 Area. Richlandis the

nearestcommunitydownstreamof Hanfordusing the ColumbiaRiver as its

drinkingwater source.

The 300 Area is also the focus of ongoingHazardousWaste Ground-Water

MonitoringComplianceProgramcharacterizationstudies. _nitiatedin 1985 I

and expanded in 1986, this effort has providedan extensiveamountof

informationrelativeto the hydrogeologyand contaminanthistoryof the 300

Area. Most recently,PNL-6716,InterimCharacterizationReport for the 300

Area ProcessTrenches(Schallaet al. 1988),was issued,providingthe basis
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for comparisonsof the concentrationsobservedin the riverbankspringwater

with the local groundwater.

Table 4 presentsthe radionuclideconcentrationsin springand ground

water along the 300 AreB shorelineduring 1988. The concentrationswere

similarto those found during earlieryears. As expected,the gross alPha,

• gross bets, 234U, 235U, and 238U concentrationswere elevatedwith respectto

river concentrationsand similarto those reportedin the groundwater

beneaththe 300 Area (Schallaet al. 1988). Concentrationsof other radio-

isotopeswere below the analyticaldetectionlevels.

One of the springsalong the 300 Area (Spring42-2, HRM 42.1) has been

sampledroutinelyover the years as part of the cooperativeradiochemical

laboratoryintercomparisoneffortpreviouslydiscussed. Resultsof samples

collectedfrom Spring42-2 duringrecentyears have shown relativelygood

agreementand are comparablewith those observedin the local groundwater.

TA_ 4. SelectedRadionuclideConcentrationsin Springand Ground
Water Along the 300 Area ShorelineDuring1988

Concentration,pCi/L
Spr!nqWater

Radionuclide Ground Water(a) HRM 42.1 HRM 42.3

Gross Alpha 115 ± 7.6 8.0 ± 1.5 6.5 ± 1.4

Gross Beta 67.6 + 7.69 11.6 + 3.3 9.8 + 2.2m m

Tritium 5940 + 291 346 + 172 283 + 170

60Co 7.68 + 7.05 0.25 + 0.80 1.6 + 2.2

90Sr 7.29 + 1.54 0.16 + 0.07 NA(b)m

99Tc 214 + 2.9 NA NA

137Cs 8.25 + 6.37 0.40 + 0.60 -0.36 + 2.08

234U 21.2 + 0.4 4.5 + 0.2 3.48 + 0.18

235U 0.84 + 0.08 0.36 + 0.06 0.24 + 0.05

238U 20.8 + 0.4 4.6 + 0.2 3.00 + 0.17

U Total 101 + 5 9.5 + 0.4 6.7 + 0.4

(a) Maximumreported value from any one weil in the general area
during 1988.

(b) NA = Not analyzed.
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Spring 42-2 sampleswere analyzedfor nonradiologicalpollutantsduring

the 1988 study. Resultsof this samplingrevealedelevatedconcentrations

(with respectto backgroundground-waterconcentrations)of chloroform,

copper,nitrate,and zinc in the springwater. All of these contaminants

have been identifiedas being presentin the local groundwater (Schalla

et al. 1988). Table 5 providesthe concentrationsof these constituentsin

the springwater and in the local groundwater during 1988. Nitrateswere at

concentrationssimilarto those previouslyexperiencedin the springsand

known to exist in the groundwater. The concentrationsof copper and zinc

were well Within the range reportedin the local ground water. Fluoride,

present in the groundwater at elevatedlevels in some locations,was not

detected in the springwater samples.

Chloroformhas been documentedto be presentin the ground water beneath

the 300 Area (Schallaet al. 1988). The concentrationsof chloroform

observedin the springwater during 1988 were similarto those found in the

local ground water (Schallaet al. 1988; Evans et al. 1989a and 1989b).

Concentrationsof other organiccontaminantsidentifiedin the ground water,

such as methylenechloride,PCE, TCE, 1,1,1-trichloroethane,and trans-

1,2-dichloroethylenewere not detected in the 1988 springsamples. Of these,

methylenechloride,PCE, TCE0 and 1,101-trichloroethanehave been only

sporadicallydetected in a few locationsand would not be expectedat

detectablelevels in the spring water. Trans-l,2-dichloroethylene,

TABLE 5. SelectedNonradiologicalContaminantsin Spring
and Ground Water Along the 300 Area Shoreline

Concentrationt ppb
f Spr_ng Water

Contaminant Ground Water HRM 42.1 HRM 42.3

NO3 66,800 1,699 9,].83

Chloroform 42 24 19

Zinc 232 23 10

Copper 70 34 <10

(a) Maximum reportedvalue from any one well in
the generalarea during 1988.
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consistently found at relatively high levels, has been detected primarily in

the intermediate and deep wells (Schalla et al. 1988). Consequently, this

contaminant may be entering the river through submerged seepage, consistent

with typical ground-water flow patterns (Raymondand Brown 1963).

• HANFORDTOWNSITE (200-AREASGROUND-WATERPLUME)

The 200-Areascontaminatedground-waterplume has long been identified

as generallyflowingfrom the 200 Areas in a easterly/southeasterlydi_'ec-

tion, discharginginto the ColumbiaRiver in the vicinityand downstreamof

the old HanfordTownsite(Figures2 and 3). Primarycontaminantspresentin

the ground water near the river are tritium,1291, and nitrate(Jaquishand

Bryce 1989). Technetium-99was also identifiedin springssampledalong this

stretchof the river (McCormackand Carlile1984). Other studieshave impli-

cated the possiblepresenceof 60Co and 90Sr in the ground water along the

HanfordTownsite (Buskeand Josephson1989). Analyticalmethodsused in the

routineground-watermonitoringprogramand for specialSEMP samplestypi-

cally are not sensitiveenough to detectthese radionuclidesat their

extremelylow concentrations.

Table 6 containsthe concentrationsof selectedradionuclidesin the

springand groundwater along the old HanfordTownsiteduring 1988. Radio-

nuclideconcentrationsobservedduring the year were generallysimilarto

those previouslyreported(McCormackand Carlile1984). Radionuclidecon-

centrationsin the springswere also comparablewith those in the nearby

ground water (Evanset al. 1989a and 1989b). lt appearsthat the highest

concentrationsin the plume dischargezone remainat approximatelyHRM 28.

A notabledifferencebetweenearlierinvestigationsand the present

study was the southernextentof the contaminatedspringsassociatedwith the

contaminated200-Areasground-waterplume. Consistentwith the findingsof

the GWPMP, the southernextentof the plume reachesnearly to the northern

borderof the 300 Area. Table 7 lists the tritiumconcentrationsin spring

water from the northernedge of the 200-Areasground-waterplume to the

southernboundaryo'Fthe HanfordSite (also see Figure5).
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TABLE 6. SelectedRadionuclideConcentrationsin Springand Ground
Water Along the HanfordTownsiteDuring 1988

Concentration, F_Z:i/L
Sprinq Water

Radionuclide Ground Water (a) HRM25.75 HRM27.25 HRM27.5 _ HRM28.1 ...... HRM28T5

Gross Atpha 4.1 + 0.9 NA(b) 2.5 + 2.1 2.1 + 1.0 2.3 + 1.1 1.5 + 0.9

Gross Beta 69.9 + 5.78 NA 4.3 + 4.1 14.2 + 2.7 48 + 5 45 +_ 5

3H 246,000 + 1,610 264 +_169 7,420 + 296 72,000 +_890 155,000 +_1,290 145,000 +_1,250

60Co 14.7 +_8.15 -0.08 + 1.2 NA 1.1 + 3.7 4.7 + 4.8 2.8 +_3.2

90Sr NR(c) NA NA -0.07 + 0.33 0.07 + 0.3 0.0014 + 0.3

99Tc 350 + 4 NA NA 48 + 2 223 + 3 215 + 3m m --

137CS NR 0.4 + 1.4 NA 0.6 + 2.8 -3.7 + 3.3 -1.3 + 2.6

(a) Maximum reported value from any one well in the general area during 1988.
(b) NA - Not anatyzed.
(c) NR = Not reported.

TABLE 7. TritiumConcentrationin SpringWaterAlong the Hanford
Shorelinefrom HRM 25 75 to HRM 44 During1988

HRM TritiumConcentration,pCi/K

25.75 260 ± 170

27.25 7,420 ± 300

27.5 72,000 ± 890

28.1 155,000 ± 1,290

28.5 145,000 ± 1,250

38.25 2,630 ± 230

38.8 682 ± 180

41.75 6,580 ± 310

42.0 1,070± 190

42.1 346 + 170

42.3 283 + 170

43.6 65 + 160
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FIGURE 5. Tritium Concentrations in Spring Water Along the Hanford
Shoreline from HRM25.75 to HRM44 During 1988
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COLUMBIARIVER

Samplesof the ColumbiaRiver were collectedas part o'fthe Spring

CharacterizationStudy for comparisonand to provide informationrelativeto

the impactof the ground-waterdischarge. Grab sampleswere collectedfrom

the routinesamplelocationsusing the routinesamplingsystem intakes. In
.

addition,river water sampleswere collectedimmediatelydownstreamof

selectedriverbanksprings in order to identifythe localizedinfluenceof

the seepageon the river. The concentrationsobserved in these near-shore

river samplesarenot representativeof averageriver water concentrations

and are indicativeof the elevatedconcentrationsattributableto the

dischargeof contaminatedground water into the river.

Radiologicaland nonradiologicalsampleresultsfrom Priest RapidsDam

and the RichlandPumphouse,observedabove the detectionlevel,are included

in Tables 8 and 9, respectively. As was the case for selectedsprings,sam-

ples from these two locationsreceivedthe extensive9905 list of nonradio-

logicalanalysis. As expected,most contaminantswere not detectablein the

river water samples. Radiologically,only the concentrationsof tritium,

99Tc, 234U, and 238Uwere above the analyticaldetectionlevels. The tritium

and 99Tc concentrationswere higher at the RichlandPumphousethan at Priest

Rapids Dam, although'theuncertaintiesassociatedwith the 99Tc resultsover-

lapped on the two locations. The tritiumconcentrationwas considerably

higher at the RichlandPumphouselocation,well above the 1988 averagecon-

centrationof 130 pCi/L (Jaquish_nd Bryce 1989). This is expectedsince the

annual averageis determinedusing compositesamplesthat flattenout the

extremesduring the year and becausethe grab sample in this studywas

obtainedduring a low flow conditionthat would maximize the influenceof

the ground-waterdischargesto the river. Nonradiologicalsampleresults

(Table9) were similarat the two locationsand similarto concentrations

previouslyreported(McGavock1987).

Table 10 lists the tritiumar,dnitrateresultsof the near-shoreriver

water samplescollectedimmediatelydownstreamof specificriverbanksprings.

Also includedin this table are the correspondingconcentrationsobservedin
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TABLE_. RadiologicalResultsof Water SamplesCollectedat Priest
RapidsDam and the RichlandPumphouseon September13, 1988

Concen_t_r_ation,DCi/L
Constituent Priest Rapids_.'_ RichlandPumphouse

Tritium 180 + 170 580 _+180

99Tc 0.6 + 1.2 1.8 _+ 1.2

234U 0.16 +_ 0.04 0.18 + 0.04

238U 0.13 +_ 0.04 0.16 +_ 0.04

TABLE 9. NonradiologicalSampleResultsof Water Samples
Collectedat Priest RapidsDam and the Richland
Pumphouseon September13, 1988

Concentration,ppb
Constituent P__st Rapids Dam RichlandPumDhouse

Strontium 125 120

Zinc 12 9

Calcium 21,657 21,362

Barium 33 32

Sodium 2,452 2,563

Manganese 14 8

Potassium 811 862

Iron 160 37

Magnesium 4,777 4,567

Nitrate <500 554

Sulphate i0,336 I0,802

Chloride 895 1,019

the springwater itself. Concentrationsof radiologicalconstituentsin the

near-shoreriver water sampleswere generallysimilarto those ]bservedin

averageriver water samples,typicallybelow the analyticaldetectionlevel.

Exceptionsto this includedtritiumin samplescollectedat variouslocations

along the HanfordReach,90Sr concentrationsin the near-.shoreriver sample

near the N-spring,and uraniumconcentrationsin the near-shoreriver samples

collectedat the 300 Area, which were found at levels similarto the local

groundwater.
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TABLE 10. Tritiumand Nitratein Near-ShoreRiver and Spring
SamplesAlong the HanfordSite During 1988

......Concentration
Sample

_n T__ Tr_itium, pCi/L Nitrate,Dpb

HRM 9.0 Spring 75,800± 910 28,630

River 76,400± 910 NA(a)

HRM 15.0 Spring 545 ± 180 <500
l

River 70 + 130 <500u

HRM 27.5 Spring 72,000± 890 12,713

River 26,400± 525 NA

HRM 28.1 Spring 155,000± 1,290 31,040

River 158,000± 1,250 31,290

HR_ 42.1 Spring 346 ± 170 2,149

River 485 ± 180 1,697

(a) NA : Not analyzed.

Contaminantconcentrationsin the near-shoreriver samplesreflectthe

localizedeffectsof the ground-waterdischargeto the river. Specific

samplelocationswere chosen to maximizethe potentialto detect the influ-

ence of 'thespringson the river concentrations.As expected,the radionu-

clide concentrationsfound in the near-shoreriver sampleswere generally

elevatedwith respectto tileaverageconcentrationsin the river as defined

by the samplescollectedat Priest RapidsDam and the RichlandPumphouse.

Most near-shoreriver water samplesdisplayedconcentrationsbetweenthose

observedin the springand the averageriver water concentrations. In some

instances,the concentrationsobservedin the near-shoresampleswere at or

above the correspondingspringwater concentrations,indicatinga significant

contribution'Fromthe ground water on local river water concentrations. This

phenomenahas been reportedin previousstudies (McCormackand Carlile1984).
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FRNK._B_____NCOUNTY

An understanding of all sources of pollutants entering the river along

the Hanford Site, whether or not they are associated With Hanford operations,

is needed to fully understand the results of Columbia River monitoring down-

stream of Hanford and evaluate the subsequent impacts attributable to

' Hanford. Samples were collected from an area of extensive ground-water seep-

age across from and just above the 300 Area (HRM41) and from two irrigation

' return canals that enter the river upstream of the Richland Pumphouse

Columbia River monitoring station. The first canal enters the river at

approximatelyHRM 32 at Ringold,and the secondcanal entersnear the

southernSite boundaryat Byers Landing,HRM 44.

Samplescollectedfrom the FranklinCountyshorelinecontaineddetect-

able concentrationsof severalconstituentsat levels above those known to

exist in ColumbiaRiver water. Tables 11 and 12 providethe concentrations

234U 235Uof those constituents. Interestingly,gross alpha,gross beta, , ,

and 238U concentrationswere found at levelsconsiderablyhigherthan those

TABLE11. Selected Radiological Contaminant Concentrations in Franklin
County Seepage and Irrigation Return Canal Water During 1988

Concentration, pCi/L
Ringold Sagemoor Byers Landing River

Constituent _!rriqation Seep________ Irrigation Backqround(a)

Gross Alpha 17 +_0.7 2.0 + 1.0 0.7 + 0.5 0.3 + 0.2

Gross Beta 9.9 +_2.5 2.6 + 1.7 6.4 + 2.1 1.0 + 0.4

Tritium NA(b) 380 _+170 NA 70 __-6

60Co 1.6 +_3.5 3.0 _+ 3.0 1.3 + 2.5 <0.0002

90Sr 0.39_+0.36 0.09 + 0.35 0.42 -±0.36 0.10 ± 0.02

. 137Cs 0.9 + 3.0 2.5 + 3.0 0.8 + 2.0 <0.003m _ m

234U 3.0 + 0.2 4.6 + 0.2 2.6 +_0.2 0.20 _+.0.03

235U 0.17 + 0.04 0.14 + 0.03 0.15 + 0.05 0.006 + 0.003

238U 2.3 +_0.1 3.9 + 0.2 2.3 + 0.2 0.17 + 0.02

(a) 1988 average at Priest Rapids Dam.
(b) NA : Not analyzed.
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TABLE 12. SelectedNonradiologicalContaminantConcentrationsin Franklin
County Seepageand IrrigationReturn Canal Water During 1988

Concentration,ppb

"-Ring'old-Sagemoor Byers Landing River (a)
Constituent !rrigatio.n Seep .....Irrigation Background

, Calcium 52,916 93,019 45,680 21,657

Barium 53 64 63 33 '

Sodium 47,725 72,148 42,975 2,4.52

Vanadium 15 8 13 <5 '

Aluminum <i50 692 <I50 <I50

Manganese 11 93 10 14

Potassium 7,316 2,605 5,067 811

Iron 200 696 155 160

Magnesium 25,446 48,426 21,418 4,777

Arsenic 6 <5 5 <5

SeIenium 5 10 <5 <5

TOC (TotalOrganicCarbon) 2,500 2,000 2,600 1,281

TC (TotalCarbon) 47,290 39,928 40,770 13,320

TOX (TotalOrganic Halogen) 14 12 28 8.0

Nitrate I0,795 52,320 15,631 <500

Sulphate 63,760 238,000 50,670 10,336

Chloride 15,810 42,370 13,560 895

(a) Sample from Priest RapidsDam Location.

observed in the river. In addition,90Sr concentrationsin the two irriga-

tion return canalswere slightlyhigherthan those typicallyfound in the

river, althoughthe uncertaintiesassociatedwith these resultswere very

large with respectto the resultsthemselves.

The elevatedgross alpha and beta concentrationsare attributedto the

correspond';ngelevatedlevelsof uraniumpresentin these water samples.

Uraniumis known to be present in the groundwater in FranklinCounty (WDSHS

1988);therefore,it is not surprisingfor it to be present in the springs

enteringthe river along this stretchof the river. Uranium is also known to

be present in the SpokaneRiver drainagesystem,which feeds into the
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Columbia River upstream of Grand Coulee Dam. The irrigation water in the two

canals sampled originated from behind Grand Coulee Dam, near the mouth of the

Spokane River, perhaps contributing to the elevated concentrations. Another

possible contributor to the uranium concentrations in the irrigation return

water is phosphate fertilizer, used extensively in agricultural applications

in this region. The phosphate rock ores used in fertilizer production

typically contain above-average concentrations of uranium (NCRP1984).



CONCLUSI ONS

The 1988 SpringCharacterizationStudy has confirmedthat the type and

concentrationsof contaminants'Inthe riverbankspringsalongthe Hanford

shorelineare within the range knownto exist in the groundwater near the

. river. In addition,the locationand extent of ground-waterdischargezones

comparefavorablywith those plottedor predictedby the GWPMP in recent

• reports. The major contaminatedground-waterdischargeareas continueto be

the IO0-NArea, the old HanfordTownsite(200-Areasground-waterplume), and

the 300 Area. The 200-Areasground'waterplume has expandedas expectedand

is now discharginginto the river farthersouth than previouslyobserved,

nearlyto the northernedge of the 300 Area. The ground-waterflow patterns

beneaththe IO0-NLWDFs also appearto be changingas a resultof different

effluentdisposalpractices.

Dischargesof a few contaminantsabove the DWS intothe ColumbiaRiver

were observedin some areas. Dischargevolumesremainedvery small relative

to the flow of the ColumbiaRiver. However,as in the past, localizedareas

of impactwere observedwithin the river near the dischargezone with radio-

nuclideconcentrationsabove the DWS. Past experiencehas shownthese zones

of influenceto be rapidlydissipatedwithin the mainstreamof the river

(Haney1957). Downstream river samplingalso demonstratedthe impactof

ground-waterdischargesto be very small, negligiblein most cases. In all

cases,river water concentrationsobservedoutsideof the immediatedischarge

zones were well below DWS.
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SAMPLINGLOCATIONSANALYSES INFORMATION



TABLE A.I. ScheduledSpringSample Locationsand Analyses- 1988

Area HRtl(a) _ Rive__& Analysis

Above180-B 8.3 3-2 Alpha, BaCa, SH, 736(b)

lU-B 4.2 4-1 X Alpha, Be&a, 3H, 99Q8(b)

18|-B 8.| 8-1 Alpha, Be&a, SH, 736

AboveIH-K 8.| 6-1 Alpha, Beta, 3H, 738

1H-K 6.8 74 khpha, Be&a, 3H, 738
b

Above 188-N 7.5-8.2 7-4/8-1 Alpha, Be&a, 3H, 738

100--H 8.8-8.8 8-10/8-11 Alpha, Beta, 3H, 9gSr, Gamma,735

1E_-N (N8T) 8.9 NST X Alpha, Be&o, 3H, 90Sr, Qamea,9908

1H-N 9.26 9-2/9-4 Alpha, Be&a, 3H, 9JSr, Qamma,738

Below1N-N 9.8-1|.0 NA(C) Alpha, Beta,3H, 911Sr,Qamma,738

10|-D 11.| 11-1 Alpha, Be&a, 3H, glSr, 738

10|-H 14.8 14-4/14-6 Alpha, Be&a, 3H, U-ilo, 738

IQ|-H 16.| 184 X Alpha,Be&a,3H, U-i_, 99|8

1H-H 16.6 18-8 Alpha, Be&a, 3H, 738

100-.F 18.| 184 Alpha, Be&a, 3H, 736

1H-F 18.8 18-2 Alpha, Be&a, 3H, 99m8

Hanford Ferry Landing 28.76 26-4 Alpha, Be&a, 3H, 736

Hanford Townsi&e 27.6 27-1 Alpha, Be&a,3H, 736

Hanford Townsi&e 27.26 27-2 Alpha, Beta, 3H, 738

Hanford Townsite 27.5 27-3 X Alpha, Beta, 3H, 9mar, 99Tc, 736

Hanford Townsi&e 28.1 28.-2 X Alpha, Be&a, 3H, ggSr, 9gTc, 9906

Hanford Townsi&e 28.5 28-4 Alpha, Be&a, 3H, 9JSr, 9gTc, 738

Rinoold Island 31.8 31-6 Alpha, Beta,3H, 738

WPFP-oSIr|&ake 35.6 36-1 A_pha, Be&a, 3H, 738

AboveWoodedIsland 37.5 37-2 Alpha Be&a, 3ft, 736
@

WoodedIsland 38.26 38-1 Alpha, Beta,3H, 736

WoodedIsland 38.8 38-18/39-8 Alpha Beta,3H, 738

Above3H 41.5-41.8 41-1/41-2 Alpha beta, 3H, 738

300 42.B 42-1 Alpha Be&a,3H, U-iso, 738

38B 42.1 42-2 X Alpha Beta, 3H, U-iso, 238U, 9905

3es 42.3 42-4 Alpha Be&a, 3H, U-iso, 236U, 9985
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TABLE A.I. (contd)

Area H_ SampleNo. River Anmly_is

Port of Benton 4_.8 48-1 Alpha, Beta, 3H, 735

Byers Lndg:Irr. Return -.(d) NA Alpha, Beta, 9iSr, U-iso, 9905

Slide Seep -- NA Alph|, Beta, _H, 905r, U-iso, 9905
b

Ringold Irr. Return -- NA Alpha, Beta, 90Sr, U-iso, 9905

Priest Rapids Dam -- NA X Alpha, Beta, 3H, 90Sr, 9_Tc, U-iso, 9905

Richland Pumphouse -- NA X Alpha, Beta, 3H, 90Sr, 99Tc, U-iso, 9905

(a) HRM= Hanford River Mile.

(b) Analytical Laboratory Codes.
(c) NA= Not applicable.

(d) -- = No data.
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TABLE A.2. NonradiologicalAnalysis

Analytical
Code Compound MDL (ppb)

726 ICP Metals
AO1 Beryllium 5
AO3 Strontium 20
AO4 Zinc 5
AO5 Calcium 50
AO6 Barium 6

' AO7 Cadmium 2
AO8 Chromium 10
AIO Silver 10
A11 Sodium 200
A12 Nickel 10
A13 Copper 10
A14 Vanadium 5
A15 Antimony 100
A16 Aluminum 150
A17 Manganese 5
A18 Potassium 100
A19 Iron 30
A50 Magnesium 50

727 EnhancedThiourea
A24 Thiourea 200
A25 1-Acetyl-2-Thiourea 200
A26 1-(O-Chlorophenyl)-Thiourea 200
A27 Diethylstilbestrol 200
A28 Ethylenethiourea 200
A29 1-Naphthyl-2-1hiourea 200
A32 N-Phenylthiourea 500

729 EnhancedPesticides
A33 Endrin 0.1
A34 Methoxychlor 3
A35 Toxaphene I
A36 Alpha BHC 0.1 '
A37 Beta BHC 0.1
A38 Gamma BHC 0.1

' A39 Delta BHC 0.1
A40 DDD 0.1
A41 DDE 0.1

• A42 DDT 0.1
A43 Heptachlor 0oi
A44 HeptachlorEpoxide 0.1
A46 Dieldrin 0.1
A47 Aldrin 0.1
A48 Chlordane I
A49 EndosulfanI O.I
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TABLE A.2. (contd)

Analytical
Code Compound MDL (Dpb)

729 EnhancedPesticides(contd)
A52 EndosulfanII 0.I
C62 ChlorobenziIate 30
XIO DBC 1.0 (Expected)

731 VolatileOrganicCompounds
A61 TetrachIoromethane 5 '
A62 Benzene 5
A63 Dioxane 500
A64 Methylethyl Ketone 10
A65. Pyridine 500
A66 Toluene 5
A67 I,I,1-Trichloroethane 5
A68 1,I,2-Trichloroethane 5
A69 i,I,2-Trichloroethene 5
A70 Perchloroethylene 5
A71 Xylene (0, P) 5
B14 Xylene (M) 5
A76 Methyl Bromide 10
A77 Carbon Disulfide 10
A78 ChIorobenzene i0
A79 2-Chloroethylvinyl ether 10
A80 Chloroform 5
A81 ChIoromethane I0
A89 I,1-Dichloroethane 10
A90 I,2-Dichloroethane I0
A91 Trans-I,2-DichIoroethene i0
A92 I,1-Dichloroethene 10
A93 MethyleneChloride 10
A94 I,2-Dichloropropane 10
A95 I,3-Dichloropropenes i0
B06 1,I,2,2-Tetrachloroethane I0
B08 Bromoform I0
B13 Vinyl Chloride 10
H68 Hexone i0

The followinghave been forward
searched:

A72 Acrolein 10
A73 AcrylonitriIe I0
A74 Bis (Chloromethyl)Ether 10
A75 Bromo Acetone 10
A82 ChIoromethylmethylether I0
A83 Crotonaldehyde I0
A84 I,2-Dibromo-3-Chloropropane I0

A.4
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TABLEA_._A__2.(contd)

Analytical.
Code Compound ...... MD__L_.Cp__b.b__

731 Volatile Organic Compounds (contd)
A85 I, _.-Dibromoethane I0
A86 Di bromomethane I 0

" A87 !, 4-Di chI oro- 2- Butene I 0
A88 Di chI orodi fl uoromethane I0
A96 N,N-Di ethyl hydrazine I 0

' A99 Hydrogen Sul fi de I 0
B01 lodo Methane I0
B02 Methacryl oni tri I e I 0
B03 Methanethiol 10
B04 PentachI oroeth ane I0
B05 I, I, I, 2-Tet rach I oroethane I0
B09 Tri ch I oromethaneth i oI I0
Bi 0 Tri ch I orofl uoromethane i0
BI I Tri ch I oropropane I0
BI2 1,2,3-Trichloropropane I0
B15 Diethyl ars ine 10
C71 Formaldehyde 500
C04 Methyl Methacrylate I0
H06 Ethyl Methacrylate I0
B19 Acetonitrile 3 ppm
H05 EthyleneOxide 3 ppm

733 SemivolatileOrganicAnalysis
B26 Aniline 10
B30 Benz(A)Anthracene I0
B33 Benzidine 10
B34 Benzo(B)Fluoranthene I0
B38 Bis(2-ChIoroethoxy)Methane I0
B39 Bis(2-Chloroethyl)Ether 10
B40 Bis(2-Ethylhexyl)Phthalate 10
B41 4-Bromophenyl.PhenylEther 10
B42 Butyl Benzyl Phthalate 10
B45 P-Chloroaniline 10
B46 P-ChloroM-Cresol 10
B48 2-ChIoronaphthaIene I0

' B49 2-ChIorophenoI I0
B50 Chrysene 10
B55 Dibenz(A,H)Anthracene I0

• B60 Di-N-Butyl Phthalate 10
B61 I, 2-Di chI orobenzene I0
B62 1,3-Dichlorobenzene 10
B63 I, 4-Di ch I orobenzene 10
B64 3,3' -Di chl orobenzi di ne 20
B65 2, _-Di ch I orophenol I0
B67 Diethyl Phthalate 10
B75 2,4- DimethyI phenol I0
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!ABLE A.2. (contd)

Analytical
.._ Code CompQund

733 Semivolatile Organic Analysis (contd)
B76 Dimethyl Phthalate 10
B78 4,6-Di ni tro-O- Cresol 10
B80 2,4-DinitrotoIuene I0 "
B81 2,6-Dinitrotoluene 10
B82 Di-N-OctylPhthalate 10
B84 I,2-Diphenylhydrazine i0 '
B88 Fluoranthene 10
B89 HexachIorobenzene I0
BgO HexachIorobutadiene I0
B91 HexachIorocyclopentadiene I0
B92 HexachIoroethane I0
B93 Indeno(I,2,3-CD)Pyrene I0
C54 HexachIorophene I0
C55 NaphthaIene I0
C12 Nitrobenzene 10
C17 N-Nitrosodimethylamine I0
C57 Phenol 10
C43 i,2,4-TrichIorobenzene I0
B79 2,4-Dinitrophenol 50
C13 4-Nitrophenol 50
C11 Para-Nitroaniline 50
C28 Pentachlorophenol 50
C44 2,4,5-Trichlorophenol 50

C45 2,4,6-TrichIorophenoI I0
C56 I,2,3-TrichIoroDenzene I0
C58 I,3,5-TrichIorobenzene i0
C37 I,2,4,5-TetrachIorobenzene I0
C59 I,2,3,4-TetrachIorobenzene I0
C60 I,2_3,5-Tetrachlorobenzene I0
C26 PentachIorobenzene I0
B51 Cresols 10
B85 N-Nitrosodinpropylamine I0
C49 Benzo(A)Pyrene I0
C51 Bis(2-Chloroisopropyl) Ether 10
121 Tibutylphosphate I0
B20 Acetophenone 10 '
B21 Warfarin 10
B22 2-Acetylaminofluorene 10
B23 4-Aminobyphenyl I0 •
B24 5-(Aminomethyl)-3-Isoxazo,ol 10
B25 Amitrole 10
B27 Aramite 10
B28 Auramine 10
B29 Benz(C)Acri di ne I0
B31 Benzene_ Dichl oromethyl 10
B32 Benzemethoi I I0

.
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.TABLEA.2. (contd)

Analytical
Code Compound MDL (p_P_b_

733 SemivolatileOrganicAnalysis (contd)
B36 P-Benzoquinone I0
B37 BenzylChloride 10

' B43 2-Sec-ButyI-4,6-DinitrophenoI I0
B44 ChIoroalkyl Ethers I0
B47 I-ChIoro-2,3-Epoxypropane I0

• B52 2-CycIohexy1-4,6-DinitrophenoI I0
B53 Dibenz(A,H)Acridine I0
B54 Dibenz(A,J)Acridine 10
B56 7H-Dibenzo(C,G)CarbazoIe I0
B57 Dibenzo(A,E)Pyrene 10

B58 DibenzoIA,H)Pyrene 10B59 Dibenzo ,I)Pyrene 10
B66 2,6-Dichlorophenol I0
B68 DihydrosafroIe I0
B69 3,3'-Dimethoxybenzidine I0
B70 P-Dimethylaminoazobenzene I0
B71 7,12-Dimethylbenz(A)Anthracene 10
B72 3,3'-Dimethylbenzidine 10
B73 Thiofanox 10
B74 Alpha,Alpha-Dimethylphenethyl-

Amine 10
B77 Dinitrobenzene 10
B83 Diphenylamine I0
B86 Ethyleneimine I0
B87 EthylMethanesu'lfonate 10
B94 Isosafrole 10
B95 MaIononitriIe I0
B96 Malphalan 10
B97 MethapyriIene I0
B98 Matholonyl 10
B99 2-Methylaziridine 10
COI 3-MethylchoIanthrene I0
C02 4,4'-Methylenebis(2-ChIoro-

Aniline) 10
C03 2-MethylIactonitriIe I0

' C05 MethylMethanesulfonate 10
C06 2-MethyI-2-.(Methylthio)Propion-

Aldehyde-O-(Methylcarbonyl)
• Oxime 10

C07 Methylthiouraci'l i0
C08 I,4-Naphthoquinone 10
C09 I-Naphthylamine I0
CI0 2-Naphthylamine I0
C14 N-Nitrosodi-N-Butylamine i0
C15 N-Nitrosodiethanolamine I0
C16 N-Nitrosodiethylamine 10
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IABLE A.2, (contd)

Analytical
Code CoIIlpoql]d i_Q.__.Cp_p_b_

733 SemivolatileOrganicAnalysis (contd)
C18 N-NitrosomethyIethyIamine I0
C19 N-Nitroso-N-Methylurethane I0
C20 N-Nitrosomethylvinylamine 10
C21 N-Nitrosomorpholine 10
C22 N-Nitrosonornicotine I0
C23 N-Nitrosonopiperidine I0 '
C24 Nitrosopyrrolidine 10
C25 5-Nitro-O-Toluidine i0
C27 PentachIoronitrobenzene I0
C29 Phenacetin 10
C30 PhenyIenediamine I0
C31 PhthalicAcid Esters 10
C32 2-Picoline 10
C33 Pronamide 10
C34 Reserpine 1.0
C35 Rescorzinol 10
C36 Safrol 10
C39 2,3,4,6-TetrachIorophenoI I0
C40 Thiuram 10
C41 Toluenediamine 101
C42 O-ToluidineHydrochloride 10
C46 O,O,O-TriethylPhosphorothioate 10

' C47 Sym-Trinitrobenzene I0
C48 Tris(2,3-Dibromopropyl)-Phosphate 10
C50 Chloronaphazine I0
C52 Hexachloropropene I0
C79 Kerosene 10
C92 MaleicHydrazide 500
C93 NicotinicAcid 100
C91 Strychnine 50
B35 Benzo(J)Fluoranthene I0

734 PhosphorousPesticides
C61 Tetraethylpyrophosphate 2
C63 Carbophenothion 2
C64 Disulfoton 2
C65 Dimethoate 2
C66 Methylparathion 2
C67 Ethyl Parathion 2 .

735 IC Report
C72 Nitrate 500
C73 Sulphate 5000
C74 Fluoride 500
C75 Chloride 5000
C76 Phosphate 1000
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.T__. (contd)

Analytical
Cod(_..... Compoun_L................ _DL_(pp.b.}.

736 DirectAqueous InjectionAnalysis
C53 Hydrazine 3000
CgO Paraldehyde 2000

• C94 Acrylamide i0,000
C95 Allyl Alcohol 2500
C97 ChIoroacetaIdehyde 16,000

' C98 3-ChloropropionitriIe 4000
H03 Ethyl Carbamate 5000
H04 Ethyl Cyanide 2000)
H09 IsobutylAlcohol 1000
HlI N-Propylamine I0,000
H12 2-Propyn-1-OL 8000

737 EnhancedHerbicides
H13 2,4-D 2
H14 2(2,4,5-T)P 2
H15 (2,4,5-T) 2

739 PCB Analysis
A54 ArochIor I016 4.0
A55 Arochlor 1221 1.0
A56 Arochlor 1232 1.0
A57 Arochlor 1242 1.0
A58 ArochIor 1248 I.0
A59 Arochlor 1254 1.0
A60 Arochlor 1260 1.0

A20 Arsenic 5.0
A21 Mercury 0.1
A22 Selenium 5.0
A23 Thallium 5.0
A51 Lead 5.0
C69 TOC (TotalOrganicCarbon)
C70 Cyanide 10.0
C77 PerchIorate I000
C78 Sulfide 1000

' C80 Ammoni urn Ion 50
C81 Ethylene Glycol 10 ppm
C87 Citrus Red i000

. H16 TC (Total Carbon) 2000
H42 TOX (Total Organic Halogen) 10
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TABLE A.3. SampleContainerand PreservationRequirements

....ConsSl.tuent(a) Code ' ContainerType _p.luse(ml,e) _r._._ervatiVe.

ICP _tals, Enh(b) 728 Plastic, White Cap ZBBB HN03

Arsenic A2B Plastic, White Cap ZHB HNOB

Selsnlua A22 Plastic, WhlbeCap 19_g HN08

Thallium A29 Plastic, |hlbe Cap _99g HN09

Lead, by GFAA A51 Plastic, White Cap 1999 HN03

_rcur) A2I Oiass,Clear 599 HNO8 '

Cyanids C79 Plastic, White Cap 199 HaOH,

Sulfide C79 Plastic, White Cap 599 ZnAcet/NaOH

AmmoniumIon C89 Olass_ Clear SH H2SO4

TOC C69 Glass Amber 259 H3P04

TOX ,H42 Olmms AmberSeptum 259 H2SO4

Pesticides_ Enh 729 Olau, Amber 4H| --

Herbicides 797 Gins Amber 49H --

PhosphorousPesticides 734 Glass /Labor 4990 --

4/B/N, Enh 739 Ola_s Amber 4996 --

Thiourea, Enh 727 Gins Amber 259 --

Direct AqueousInj, 736 Glass Amber 259 --

Ethylene Glycol C61 Glass Amber 259 --

Citrus Red C97 Glass Amber 25g --

TC H16 Glass Amber 269 --

IC 735 Plastic, White Cap 125 --

Perchlorate CT7 Plastic, White Cap 125 --

VOA,Enh 7_1 Glass, AmberSeptum 49 --

=

(a) Several epeclfic constituents reported for eosecodes,
(bl Enh= enhancedanalysis,
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, TABLE B.I. ActualSpring Sample Locationsand AnalysesPerformed- 1988

_rea HRMm._ _rn.r_Lo.Q___ Analys!s

Aboval�l-B 3,3 3-2 Alpha, Beta, 3H, 735(5)

1Bg-H (HAT) 6.g HaT X Alpha, Beta, 3H, g6Sr, Qaaa, 9996(b)

Below 166-N 9.5-1|.6 -- Alpha, Be&a, 3H 96Sr, Qnma, 755

1H-D ll.g 11-1 Alpha, Beta, 3H 9gSr, 736

16B-H 15.6 15-6 X Alpha, Beta, 3H U-la,, 9966

Hanford Ferry Landin9 25.75 25-4 Alpha, Beta, 3H 736

Hanford Townslta 27.25 27-2 Alpha, Beta, 3H, 735

Hanford Townelte 27.5 27-3 X Alpha, Beta, 3H, 96Sr| 99Tc, 735

Hanford Townslhe 26.1 26-2 X Alph=, Beta, 3H, 96Sr, gQTc, 9995

Hanford Townslts 29.E 26-4 Alpha, Beta,3H+g6Sr, ggTc, 735

WoodedIsland 39.25 36-1 AIphalBeta, SH, 735

WoodedIsland 36.6 38-19/30-9 Alpha, Beta, 3H, 735

Above366 41.5-41.9 4_-1/41-2 Alpha, 5eta, SH, 735

360 42.0 42-1 Alpha, Beta, 3H,U-la,, 73E

306 42.1 42-2 X Alpha, Beta, 3H, U-Iso, 238U,, 906fi

See 42.3 42-4 Alpha, Beta, 3H, U-leo, 230U, 9965

Port of Benton 43.8 43-1 AIpha_ Betaj 3H, 735

By,rsLndg:Irr,Return .-(c) HA(d) Alpha, Beta,gear,U-la,,0965

Slide Seep -- NA Alpha, Beta, 3H, 9iSr, U-iso, 9965

Ringold Irr. Return -- NA Alpha, Beta, 96Sr, U-Iso, 9965

Priest Rapids Dam -- NA X Alpha,Beta, 3H, g�sr, 9gTc, U-Iso, 9995

Richland Pumphouse -- NA X Alpha, Beta, 3H, 9gSr, 99Tc, U-leo d gg65

(a) H_ = HanfordRiverUlle,

(b) Analyticallaboratorycode,

• (c) He data.

(d) NA= Net applicable.
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TABLE B.2. ColumbiaRiver Flow Rates During 1988
SpringSamplingActivities

Date Flow Rate, cfs

09-04-89 76,000
09-05-89 89,700
09-06-89 96,200
09-07-89 121,000

09-10-89 103,000
09-11-89 46,300
09-12-89 70,800
09-13-89 108,000
09-14-89 99,800
09-15-89 84,700
09-16-89 96,400

09-24-89 102,000
09-25-89 65,200
09-26-89 82,400
09-27-89 92,800

11-12-89 96,800
11-13-89 95,900
11-14-89 100,000
1i-15-89 105,000

B.2
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TABLE B.5. EstimatedBackgroundLevelsfor SelectedConstituents
in HanfordGround Water (from Evanset al. 1989)

Detect' Background
Constituent LimitI°I Concentration(a)

Aluminum 2(b) <2(b)

, Ammonia 50 <50

Arsenic O.2(b) 3.9 + 2.4(b)m

. Barium 6 42 + 20m

BerylIium 0.3(b) <0.3(b)

Bismuth 0.02(b) <0.02(b)

Boron 50(b) <50(b)

Cadmium 0.2(b) <0.2(b)

Calcium 50 40,000 _+10,300

Chloride 500 10,300+ 6,500m

Chromium 2(b) 4.0 + 2.0(b)
i

Copper I(b) <1(b)

Cyanide 10 <10

Fluoride 500 370 + 100

Lead 0.5(b) <0.5(b)

Magnesi um I0 I i, 800 + 3,400

Manganese 5 7 + 5

Mercury O. I <0. I

Nick_l 4(b) <4(b)

Phosphate i,000 <I,000

Potassium 100 4,950 + 1,240

Selenium 2(b) <2(b)

Silver 10 <10

Sodium 10 18,260+ 10,150

Strontium 20 236 + 102

Sulfate 500 34,300 + 16,900

Uranium 0.5(c) 1.7 + 0.8(c)

Vanadium 5 17 + 9

Zinc 5 6 + 2

B.5
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TABLE B.5_. (contd)

Deteci_i_n BackgroundConstituent Limit_ Concentration(a)

Alkalinity -- 123,000+.21,000

pH -- 7.64_+0.16

Total OrganicCarbon 200 586 + 347 °

Conductivity I(d) 380 + 82(d)
J

Gross Alpha 0.5(c) 2.5 + 1.4(c)

Gross Beta 4(c) 19 + 12(c)

Radium 0.2(c) <0.2(c)

(a) Units in ppb unlessotherwisenoted.
(b) Based on ICP/MSdata.
(c) Units in pCi/L data.
(d) Units in /amho/cm.
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_. RadiologicalAnalysesof Water SamplesCollectedfrom the.
ColumbiaRiver,ColumbiaRiver ShorelineSprings(onsite)
and IrrigationWastewaterDischarges(offsite)

(AllConcentrationsin pCi/l. Blank spaces indicatenot analYzed°)

Sample Sample Sample
Data Location Source Gross Alpha Gross _ta Tritium

11/14/88 HRM2.5 Spr_ng e.49 ,/.. 8.38 1.37 ,/- 1.m7 -328 ,/- 128

11/14/88 HRM3.3 Spring 1.67 +/- 8.gE 7.87 ,/- 1.93 1188 +/- 182
89/15/88 HRM8.9 River 76488 ,/- 918

89/15/88 HRM8.9 Spring 8.88836 4/- 8.28 18888 4/- 296 75888 4/- 988

89/86/88 HRM8.9 Spring 8.55 4/- 8.61 13888 4J- 18D 74888 4/- 788

89/86188 HRM9.5 Spring 8.37 4/- 8.46 73.8 4/- 7.8 111888 4/- 868

11/14/88 HRM11.8 Spring 8.38 ,/- 8.33 1.65 ./- 1.12 21.5 4/- 137
8g/12/88 HRM15.8 River 66.7 ,/- 127

89/12/88 HRg15.| Spring 8.3J 4/- 8.35 1.68 4/- 1127 545 4/- 178

89/12/88 HRM25.76 Spring 8.42 ,/- 8.42 8.69 4/- 1.14 264 ,/- 169

89/12/88 HRM27.25 Spring 2.58 4/- 2.87 4._3 4/- 4.1 7428 ./- 296
89/12/88 HRg27.8 River 26488 _/- 525

89/12/88 HRM27.5 Spring 2.11 4/- 1.82 14.2 4/- 2.71 72888 ,/- 888
89/12/68 HRM28.1 River 158811 +/- 1250

89/12/88 HRM28.1 Spring 2.32 4/- 1.87 48 ,f- 4._ 155888 +/- 1298

88/86/86 HRM28.1 Spring 2.82 4/- 1.12 168 4f- 11 143888 .,/- 988
89/12/88 HRM28.5 Spring 1.49 4/- 8.91 46 4t- 4.88 145888 ,/- 1258

89/26/88 HRU36.25 Spring 2.91 4/- 1.14 1.85,t- 1.4 2638 4/- 231

89/26/88 HRM38 8 Spring 2.28 4/- 1.11 6.84 ,t- 1.98 682 4/- 182

8g/26/88 HRM41 5-.8 Spring 3.25 ,/- 1.49 18.1 4f- 2.4I 6_88 4/- 388

89/28/88 H_ 42 8 Spring 4.42 4/- 1.18 5.25 4f- 1.69 1878 4/- 192

88/12/88 HRM42 1 River 485 +/- 176
89/16188 HRWI42 1 Spring 7.95 ,/- 1.48 11.8 ,/- 3.3 188 ,/- 115

89/12/88 HRM42 1 Spring 6.48 +/- 1.29 7.31 ,/- 1.94 346 4/- 172
89/12/88 H_ 42 3 Spring 8.51 4/- 1.38 9.81 4/- 2.22 283 4/- 178

89/26/88 HRM43.8 .... Spring 8.52 ,/- 8.6¢ 4.89 4/- 1.76 64.8 4/- 163
89/15/88 Byers Lndg Irr. Rtn 8.75 ,/- 8.46 6.39 4/- 2.12

89/15/88 Slid_ Seep 2.82 o/- _.99 2.88 4/- 1.68 377 ,/- 174

89/15/88 Ringold Irr. Rt,n 1.78 4/- 8.73 9.94 ,/- 2.51

89/13/88 Priest Rapids River 188 4/- 187

89/13/88 Richland Puephouse 581 4/- 179

4
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TABLE B.6. (contd)

SeepIe Slip Ie Slaple
Dite Loclt,ion Source ergO Co60 ZnB@

11/14/88 HRM2,S Spring -I_,89 +/- 3.39 2.BS ,/- 9,41
11/14/88 HRM3.3 Spring 0.42 +/- 1.71 -1,25 ,/- 5.14

89/15/88 HRM8.9 River 8740 ,/- 188 30.9 ,/- 4,63 3.26 ,/- 6.72
eglZSlSa HRM8.9 Spring 7270 ,/- 192 53.4 ./- 19.4 5.38 ,I-16.80

09/08/88 HRM8.9 Spring 888J ,/- 28_I 45 ./- 4.5 0.70 ,/- 2.90

09/08/88 HRM9.5 Spring 0,31 ,,/- ii.liP 30.3 ,/- 4 -2.10 ,/- 3.30
11/14t88 HRM11.0 Spring 1.41 ,/- 0.43 -2.06 +/- 3.46 -1.63 ,/- 9.94
09/12/88 HRM16.0 River

09/12/88 HRM16.0 Spring -0.55 ,/- 1.92 -0.38 ./- 5.25

09/12108 HRM26.76 Spring -0._82 +/- l.iB -.I.38 ,/- 8.41
09/12/88 HRM27.25 Spring
09/12/88 HRM27.5 River

09/12/88 HRM27.5 Spring -|.(1893 ,/- 0.33 1.07 +/- 3.88 -4.41 ,/- 10.1
09/12/88 HRM28.1 River

09/12/88 HRM28.1 Spring 0.074 ,/- 0.36 4.72 */- 4.76 1.52 ,/- 14.4
09/08/88 HRM28.1 Spring 0.79 ,/- 0,11 4 */- 1.8 -0.20 ,/- 2.80

09/12188 FIRM28.5 Spring i1.i_014,/- 0.33 2.82 +/- 3.16 4.39 ,/-. 8.77

09/26t88 HRM38.25 Spring -1.i_6 ,/- 2._3 -4.32 ,/- 5.49

09/28r88 HRM38.8 Spring -0.71 +/- 1,8 -1.77 +/- 8.13

i_9/28188 HRM41.5-.8 Spring ll.38 +/- 1.45 -2.14 +/- 5.79

09/28_88 HRM42.0 Spring 0.34 ./- 1.53 4.63 ,/-. 5.12
09/12188 HRM42.1 River 0.81 ,/- 1.42 1.68,/- 6.80

09/18r88 HRM42.1 Spring 0.18 ,/- 0.07 0.25 */- 0.3 -0.90 ,/- 1.80

09/12r88 HRM42.1 Spring -3.38 ,/- 2.74 5 44 ,/- 7.98

00/12_80 HRM42.3 Spring 1.81 ,/- 2.18 2 96 +/- 7.26

09/28188 HRM43.8 Spring 0.41 +/- 1.29 -2 21 ,/- 8.05

09/15 _88 Byers Lndg Zrr. Rt,n 0.422 ,/- 0.38 1.26 ,/- 2.48 i! 89 ,/- 7.84

09/16'88 Slide Seep 0._897 ,/- 0.35 2.95 */- 3.01 3 30 ,/- 11.4
09/15/88 Ringold Irr. Rt,n 0.385 ,/- 0.38 1.67 +/- 3.61 -4 48 ,/.. 8.71

_9/13/88 Priest, Rapids River ,0.172 ,/- 0.29 -2.35 */- 2.86 -4.44 ,/- 7.73

09113188 Richland Pumphouee 0.28 ./.. 0.36 4.49 ,,/- 4.67 -2.54 ,/- 14.3
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TABEL_E__B__.6.(contd)

Sample Sample Sample
Date Loca&ion Source Tc99 Ru106 Sb125

11/14/88 HRM2.8 Spring 12.4 +/- 31.8

11/14/88 HRM3.3 Spring 9.07 .I- 18,6

+ J9/15/88 HRM6.9 River 11.8 +/- 24.2 28.6 +/- 7.51
89/15/88 FiRM8.9 Spring 12.6 +/- 71.2

09/86/88 HRM8.9 Spring 8.9 ,/- 11.4 43.1 ,/- 6.4

. 89186188 HRM9.5 Spring 13._ +/- 14,6

li/14/86 HRM11.8 Spring -4._2 ./- 33,7
8g/12/88 LHRM15.8 River

89/12/88 HRM15.8 Spring -1,69 ,/- 28.1

89112188 HRIJ25.75 Spring 6.86 +I- 15.8

89/12/88 HRM27.25 Spring
89112/88 HRM27.6 River

m9/12/88 HRM27.5 Spring 48.4 ,/- 1,76 3.22 ,/- 39

80/12/tJ HRM28.1 River

_9/12/88 HRM28 1 Spring 223 ,/- 2.95 -2.65 +/- 41 4

89/88/88 HRM28 I Spring 228 ,/- 8 3.8 ./- 7 6

89112/88 HRM28 5 Spring 215 ./, 2.89 24.1 */- 28 7'
_9/26/88 HRM38 25 Spring -2.62 +/- 17 1

89/26/88 HRM38 8 Spring 8.93 +/- 28 6

E9/26/88 ItRM41 5-.S Spring -3.9 ,/- 21 8

89/26/88 HRM42 8 Spring 13.2 ,/- 17

89/12/88 ttRM42 1 River 9.6 +/- 17.4
89/16/88 FIRM42 I Spring -8.3 +/- 6.I

_9/12/88 FIRM42 I Spring 9.29 ,l- 21.7

89/12/88 HRM42 3 Spring -16.8 +/- 27.1

89/26/88 HP&(43 8 Spring 11.3 ,/- 19.9

89/15/88 Byers Lndg Irr, Rtn 2.37 +/- 24.6
89/15/88 Slide Seep 12.8 .I- 38.7

09/15/88 Ringold Zrr. R&n -4.72 ,/- 33.8
89/13/88 Pries& Rapids River _.63 ,/- 1.16 -14.8 ./- 25.8

89/13/88 Richland Pumphouse 1.77 ,/- 1.24 41.8 +/- 48.4
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.TABLEB._. (contd)

Sa.ple Saeple Sample

DaLe Loca&ion Source ,C8137 U234 U235

11114/88 HRE2.6 Spring 1.18 ,/- 2.7

11/14/88 HRE3,3 Spring -e,82 +/- 1,37
ogles/es ;IRE8,9 River , -J,GS +/- 1,63

89/16/88 HF_8.9 Spring -#.37 ,/- 4.36

09/¢8/88 ttRE8.9 Spring -8,2 ,/- 1

09/06/88 HRE9,5 Spring g.41 +/- 1,07
1i/14/88 HRE11.0 Spring -8.19 +/- 3,5
09/12/88 H_ 15,1 River

09112/88 HRE15,0 Spring -W,g4 +/- 1,62 8,883 +/- 8,88 _0,0831 ,/- 8,0041

89/12/88 HRE25,75 Spring 8,41 +/- 1.43
89112/88 HRE27,25 Spring
89/12/88 liRlli27,5 River

89/12/88 HRE 27,6 Spring 1.68 +/- 2,78
J9/12/88 HRM28.1 River

Bg/12/88 HRE28,1 Spring -3.74 ,i- 3.31
09/86/88 HRE20.1 Spring -e,5 ./- 1.1

89/12/88 HRE28.6 Spring -1.8 ,/- 2.68

89/28/88 HRE38,25 Spring -1,58 ,/- 1,41

81/26/88 HRit38.8 Spring 137 ,/- 1.79
89/26/88 HRE41.6-.8 Spring 1.46 ./- 1.78

09/26/88 HRM42.0 Spring -1.84 ,/- 1.58 2.03 ,/- 8,13 8.18 ,/- 0,041

09/12/88 HRM42.1 River -8.94 ,/- 1.26 4.28 ,/- 8.21 e_31 ,/- 8.868
89118/88 HRtt 42.1 Spring 0.4 ,/- 0.6 4.90 ./- 8,28 8.20 ,/- 8,84

09/12/88 HRE42.1 Spring -8.44 ,/- 1.99 4.48 ,/- 8.28 8.38 ,/- 8:856

09112188 HRM42.8 Spring -e.36 +/- 2.88 3.48 +/- 0.18 8.24 ,/- 8.048
09/26/88 HRE48.8 Spring 8.49 +/- 1.86

80/16/88 ByereLndg Zrr,R&n 8.78 ./- 2,03 2.8 +/- 8,28 g,16 +/.. 8,849

09/15/88 Slide Seep 2,51 ,/- 3.82 4,6 ,/. 8,28 8,14 +/- 8,834

09/16/88 Rtngold Irr. R_n 0.88 ,/- 2.99 3.82 +/- 8.18 8.17 +/- 8.04_

09/13/88 Priest Rapids River .-1.81 ,/- 2.5 8.16 ,/- 8.84 0.8882 ,/- 8.813

89/13/88 Richland Puephouae -8.27 ,/- 3.91 8,18 +/- 0.84 -8.8887 +/- 0.089
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TABLE B,6. (contd)

Sample Suple Smmple
Date Location Source U238

11/14/88 FIRM2,5 Spring

11/14/88 HRM3,3 Spring

, e9/16/88 HRMa,9 River
e0/16180 HRM8,9 Spring
egteg/88 HRM8,9 Spring

99/60/88 HRMg,5 Spring

IiI14188' fiRMIi t Sprlng
69/12/88 HRM15 9 River

g9/12t88 HRM16 a Spring 9,g97 ./- 9,639
Pg/12/88 HRM25 76 Spring

69/12/88 HRM27 26 Spring
69/12/88 HRM27 6 River

69/12/88 HRM27 5 Spring

6g/12/88 HRM28 1 River

69/12/88 HRM29 I Spring

69/66/88 HRM28 1 Spring
69/12/88 HRM28 B Sprln9

69/26/88 HRM38,25 Spring

69/26/86 HRM30,8 Sprlng

69/26/88 HRM41,5-18 Spring

69/26/88 HRM42,6 Spring 1.94 +/- 6.13
69/12/88 HRM42,1 River 3,96 +/- 1,2W

6911e/88 HRM42,1 Spring 4,48 +/- 9,26

69/12/88 HRM42,1 Spring 4,8 ,/- e,2e

g9/12/88 HRM42.3 Spring 3 +/- 6.17
69/26/88 HRM48,6 Sprln9

69/15/88 Byer= Lnd9 Irr. R_n 2,27 _/- 6,19

69/15/88 Slide Seep 3,91 ./- 6.18

6g/16/88 Rlngold Irr. R&n 2.32 ,/- 6.14

69/13/88 Pricer Rapide River 6.13 ,/w 6.636
69/13/88 Richland Pumphou_e 6.16 ,/- 9,64
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]'ABLEB.7. NonradiologicalAnalysisof Water Sample Collectedfrom
the ColumbiaRiver, ColumbiaRiver ShorelineSprings
(onsite)and IrrigationWater Discharges(offsite)

(All Concentrationsin ppb. Blank spacesindicatenot analyzed.)

be_ecSIon 88310 88322 88336 88848 88348

Anmly_ic=l Llml5 RM8,g RMZ4,6 RM28,1 RM42,1 RM42,3 ,

Coda Co=pound (ppb) Spring Spring Spring Spring Spring

726 ICP He&aln

A_I Beryleium 5 (6 (6 <6 <6 <5
A93 S&ron_lum 2J 160 132 333 l_g 119

AB4 Zinc 6 47 11 17 23 16
A96 Calcium B_ 41797 23088 46629 24209 26492

AgB Barium 8 62 43 86 48 64

AH7 Cadmium 2 (2 (2 (2 <2 (2
AgS Chromium ii <19 <li <lO <16 <19

Ale Silver I@ <19 <li (la <19 <le
All Sodium 2H 4337 8186 21436 16289 1232e

Al2 Nickel le <le <le <le <le <le

A13 Copper le <le <le (le 84 <le

AI4 Vanadium 6 (6 <6 18 <6 (B

AI6 Antimony 16| <16l <lH <leg <leg <leg

Ai6 Aluminum 1Be <169 (16_ 368 (166 (169

Al7 Manganese 5 O 7 24 <5 5
Ale Po&mnium 19e 1863 923 2784 2493 2481

Ale Iron 3e le3 <Si 461 87 121

ABe Magneaiu= Be BCl4 5497 13127 4684 ' 4821

727 EnhancedThiourea

A24 Thiourea 2e_ <2am <2e¢ <26e <2ee <2ee
A25 1-Ace_yl-2-Thiourem 2e9 <2H <2H <2ee <26e <26e

A26 1-(e-Chlorophenyl)-Tllioure: 2ge <29e <2H <2ee (2e6 <2ag

k27 Dlat,hyla_ilbes_rol 296 <2H <2H <2ag <29e <29e

A28 E_hylonelhiourem 2H <2H <2H <299 <296 <2e9

A2g 1-Nmph_hyl-2-Thiourea 2H <gee (2e| <2e9 <29e <29e
A32 N-ehenyl_hiourea 6H <5_B <see <See <59e <see

729 EnhmncedPe._icldee

A33 Endrin e,l (6,I <e.l (9,I <e,l <6,1

A34 Methoxychlor 3 <3 <3 <3 <3 <3

A85 Tox,phene 1 <I <I (I <I <i

A38 AlphaBHC _,I <0,i <9,i <e,l <6,i <e.1

A37 Beta BHC e,1 <9,i <e,l 0,1 <6,i <_,i '

A38 GammaBHC e,l <6,i <9,i <9,i <6,i <e,l

A39 Delta BHC 9.1 <6,i <9,1 <9,1 <9,i <9,i

A46 DDD 9.I <6,I (6,1 @,i <9,i <e,1

A41 DDE 9,i (_,i <e,l <6,i (9,i <9,I

A42 DDT 9,i <9.i <9,I <6,I <6,I <6,i

A43 Heptmchlor _,1 (6,1 (_,I <9,i <9,i <e,l

A44 Hep_achlor Epoxide _,i (6,1 <9,I <_,i <9.i <e,l
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__LFI____J.. (contd)

Detection 88361 88363 88386 88367 88360

Analytical Limit ByermLndg Slide Seep Rlngold Pr'lambRapid Richland
Code Compound (ppb) Irr Rtn Irr Rbn River Pumphouae

726 ICP Metals

k01 Beryillum 5 <6 <6 <6 <B <5
A03 Sbronbltlm 20 323 1046 370 126 120

A04 Zinc 6 8 10 8 12 g

A06 Calcium 50 45680 9301g 52018 21867 21382
' A06 Barium 6 63 64 63 33 32 '

k07 Cadmium 2 <2 <2 <2 <2 <2

kOB Chromium 10 <10 <10 <10 <10 <10

A10 Silver 10 <10 (10 <10 <10 <10
All Sodium 200 42075 72148 47725 2452 2563

AI2 Nickel 10 <10 <10 <10 <10 <10

A13 Copper 10 <10 <10 <10 <10 <10

Al4 Vanadium 6 13 6 16 <6 <B

kI5 Antimony 100 <100 <100 <100 4100 <100

AI8 Alumlnue 150 <150 6g2 <160 <lee <150

All Manganese 6 10 93 11 14 8
A18 Potassium 100 5087 2805 7318 811 862

AI9 Iron 30 166 898 200 160 37

A50 Magnesium 60 21418 48426 25446 4777 4567

727 _lhanced Thiourea

A24 Thiourea 200 <200 <200 <20_ <200 <200

A26 1-kce_yl..2-Thiourea 200 <200 <200 <200 <200 <200
A26 1-(O-Chlorophenyl)-Thiourea 200 <200 <200 <200 <200 <200

A27 Diebhylebilbe_brol 200 <200 <200 <200 <200 <200

A28 Ethylene_hiourea 20_ <200 <200 <200 <200 <200

A20 1-Naphbhyl-2-Thlourea 200 <200 <200 <200 <200 <200

A32 N-Phenylbhiourea 600 <600 <600 <600 <600 <500

720 EnhancedPesticides

A38 B_drin 0,1 <0,1 <0,1 <0,1 <0 1 <0,1

A34 Methoxychlor 3 <3 <3 <3 <3 <3

A36 Toxaphene 1 <I <I <I <I <i

A3B AlphaBHC 0,1 <0,1 <0,1 <0,1 <0,1 <0,1

A37 BetaBHC 0,1 <0,! <0,1 <0 i <0 1 <_ I

• ABS QammaBHC 0,1 <8,1 <0,1 <0 1 <0 1 <0 1

A39 Delta BHC 0,1 <0,I <0,1 <0 i <0 i <0 1

A40 DDD 0,1 <0,1 <0,1 <0 I <0 i <0 1

, A41 DDE 0,1 <0,1 <0,1 <_ I <_ 1 <0 1

A42 DDT 0,1 <0,1 <0.1 <0 1 <0 1 <0 1

A43 Heptachlor 0,1 <0.1 <0,1 <0 1 <0 1 <0 1

A44 HepbachlorEpoxide 0,i <0,1 <0,1 <0 1 <0 1 <0 I

B.13



De&motion 88316 88322 88336 88348 88348

Analytlc=l . Limlb RM8,g RM14,6 RM28,1 R_ 42,1 RM42,3

Code Compound (pp&) Spring Spring Spring Spring Spring

A4B Dieldrin _.i <e,1 <_,I <0,1 <g,l <_,I

A47 Aldrin J,1 <0.1 <_,i <_,I <_oI <_,i

A48 Chlordane I <1 <1 <I <I (I

A49 Endosuifan I t,1 <g,1 <e,1 <e.l <a,1 Km,1

A62 Endoaulfan II e,1 <e,l <e,1 <e,1 Km,1 Km.1

C82 Chlorobenzllate 3e <30 <3e <3e <30 <ge '
Xle DBC 1 <i <I <I <i <i

731 Volatile Organic Compounde

A61 Tetrzchloromethzne 6 <6 <6 <5 <8 <5

AB2 Benzene 6 <5 (6 <6 <6 <5

A83 DIoxmne 5H <Bee <Tee <6H <eH <6e0

AB4 _thylethyl Ketone ze (1_ (le (lm (le (le

A86 Pyridine 5H <6eB <Bee <sH <Gee <cefr

ABe Toluene 5 <5 <5 <6 <6 <5
A87 1,1tZ-Trichloroethano 6 <6 <6 <5 <5 <6

ABe 1,Z,2-Trichloroethene 5 (5 <5 <5 <5 <6

A89 l|l,2-Trichloroethene 5 <5 <6 <6 <5 <5

k7e Per'chloroethylene 6 <5 <6 <5 <6 <5
A71 Xyl_qe(0, P) 5 <6 <5 (5 <6 <5

B14 Xylene (Ml 5 <5 <6 <5 <6 <5

A76 Methyl Bromide le <10 <le <le <10 <le

A77 CarbonDisulfide le <18 <le <le <10 <le

A78 Chlorobenzene le <1_ (le <10 <10 <10

A7g 2-Chloroe_hylvinylether le <le <le <le <le <10 ,
ABe Chloroform 5 <6 <5 (5 24 19

A81 Chloromethane 10 <1_ <le <le <10 <10

Aeg 1,1-Dichloroethane 10 <le <le <10 <10 <le

Age l_2-Djchloroethane 10 <le <le <le <10 <le

Agl Tr_-l,2-Olchioroethene ie <ig <le <le <le <le
A92 1,1-DIchlorethene le <IB <le <le <le <le

Ag3 _thylene Chloride le <le <le <le <le <le

Ag4 lj2-Dichloropropane le <10 <le <le (le <10

Ag5 1,3-Dichluropropenee le (le (le <le <10 <le

B_8 l_l,2,2-Tetrachloroethane le <le <le <le <le <le
Be8 Bromoform le <1_ <le <le <le <le

B13 Vinyl Chloride 1_ <le <le <10 <10 <10

H88 Hexone le <i_ <le <le <10 <10

A72 Acrolein le <i_ <le <le <le <10 ,
A73 Acrylonitrile le <le (le <le <10 <le

A74 Bis (Chloromethyl) Ether 10 <10 <le <le <10 <10

B.14
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TABLEB,7. (contd)

Debecblon 88a61 88368 88865 88S67 88869

Analyblcal Limit Byere Lndg Slide Seep Ringold Priest Rapid Richland
Code Compound (ppb) Irr R_n Irr Rtn River Pumphouee

729 EnhancedPeatlcldee

A46 Dieldrin l,I (I,1 (B,1 (g,1 (0,1 (g,1

A47 Aldrin g,l <0,1 <_,I <0,1 (B,I <g,l

A48 Chlordane 1 <1 <1 <1 <1 <1

A49 Endoaulfan I a.1 (g,1 (B.1 (0.1 (g.1 (0.1

° AB2 _domulfan II B,I (3,1 (B,I (B,l (g,1 (g,l

CB2 Chlorobenzil_be 8_ (8_ (Si (88 (88 (3_

X1_ DBC I <i (i (i (i (I

731 VolatlleOrgmnlcCoapound_

A61 Te_rachloro|ebhane 5 (6 (5 (6 (5 (6

A82 Benzene 6 (6 (5 (5 (5 (6
A68 Dioxane 5JJ (SH (SH (6rf| (SH (6H

_4 _thylebhyl Ke&one lJ (lg <10 (18 (10 <10

AB6 Pyridine EH (SU (SH (6Bi (5_W (68g

ABe Toluene 6 (6 <5 <6 <6 <5
AB7 l,l_l-Trlchloroe_hane 6 (5 (5 (5 (5 (6

AB8 1,1,2-Trichloroe&hane 5 (5 (5 (5 (5 (6

A89 l,l,2-Trichloroe_hane 5 <5 <6 (6 (6 (6

A7B Perchloroethylena 6 (5 <6 <5 (6 (6
A71 Xylene (O, P) F <5 <5 <6 <6 <6

814 Xylene (M) 6 (5 <6 (5 <5 (6

A7B _thyl Bromide 1B (le _1_ (10 (1_ <lg

A77 CarbonDisulfide 1_ (10 (1_ (1_ (1B (lg

AYB Chlorobenzene le <lg <18 <1_ <1_ <18
A79 2-Chloroethylvinylebher 10 <1_ <1_ <1_ <1_ <la

A80 Chlorofore 6 (6 (5 (5 <6 (6

A81 Chloro_e&hane 1B (1_ (1_ (1_ <IB <1_

A89 l_l-Dlch_oroebhane 1_ (1_ (1_ (1_ (1_ (1_

Ag_ 1,2-Oichiorcethane 1_ (1_ (18 (1_ (18 (1_
A91 Trane-l,2-Dtchloroebhene 1_ <1_ <1_ (1_ <1_ <1_

Ag2 1,1-Dlchlorethene 18 (1_ (1_ (1_ (1_ (1B

A93 I_thylene Chloride IB <le <le <I_ <I_ <I_

Ag4 1,2-Dlchloropropane 1_ <lg <1_ <1_ <1_ <lg

Ag6 1,3-Dlchloropropenee 1_ <1_ (1_ (18 (18 (1_

" B_B 1,1_2,2-Te&rachloroebhane 1_ (lg (1_ (1_ <lg (1_

B_8 Bromoform IB <i_ <I_ <Ig <IB <i_

Bl3 Vinyl Chloride I_ <I_ <I_ <I_ <I_ <I_

, HB8 Hexone 1_ <1_ (1_ <1_ (1B <1_

A72 Acrolein I_ <I_ <I_ <IB <I_ <I_

A73 Acrylonitrile 1_ (1_ <1_ <1_ <1_ <1_

A74 Bis (Chlorome_hyl) E_her 10 <10 <10 <10 <I_ <10

B.15
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I'ABt.EB.7, (contd)

D_t_=t ion 88316 88322 88335 88346 88348

knalyt, iczl Linit, Ril 8.9 RM14.5 RM28.1 RU42.1 RU 42.3

Code C_p_nd (ppb) Sprinel Spring Spring Spring Spr ing

73t Volat.i le Organic Coapo.mds

A75 Br_io _cet.cm_ 11 (11 (10 (11 (1| <10

• A82 ChIor_t.hy IHt.by i other 11 (11 (11 (11 ( lg ( 1¢ "
/i_ Crot.enaIdeh_dt 11 (ll (ll (11 (11 (1tl

A84 1,2-Di bromo-3,ChIoropropane I| (11 (11 (11 (1l (10

._86 1,2-Di brm_4t.hane 11 (11 (11 (11 <It <10 "
/i_ Dibro_thano 11 (11 (_.1 (10 (li <111

kl_7 1+4-OichIoro.-2-But.ene 11 (11 (11 ( 111 (11 ( 11

k88 OichIorodi f Iuoroaethzno 111 (II (111 (11 (11 <111

A96 #.N-Dinth}.lhydrzzine 1| (1| (11 (11 (16 (11

k_ Hydrog_ Sulfide 11 (111 .(111 (111 (111 (11

BII Iodomethane 111 (1I (111 (11 (111 (I|

B_ Met.hKry tonit.r i le 111 (111 (11 (111 (111 (1!

BI_ I_zthan_t_ioI 111 (111 ( 11 (11 ( 11 <10

Bl4 Pent.achtore.thane 11 (111 (111 (II (111 (11
BIS 1,1,1,2-Tnt rachIoroethzne 111 (111 (111 (111 (1_1 <11

BI9 Tr icNIo,'oaethanet.hio I 111 (111 ( 11 (111 (111 (10

Bl11 Tr ichIoref Iuorol_t.hmne 10 (111 (111 ( 111 (11 ( 1l

Bll Trich Ioropropnnn 111 (111 (li (111 (li (11
B12 1, 2,3-Tr ichIoropropane 111 (I11 (11 (1111 (111 (11

B15 Diet.h)*Imrsine 111 (111 (111 (111 (11 K11

C71 FormaIdehyde BN (5410 (Slm (_ (510 (5110

C114 ik|th)*I Iklthacry_mt_ 111 (II (II (111 (111 (11

Et,hy I _t.hmlry ImW 1| (111 (111 (111 (111 (10

BIg Acet,onit.ri In 3 ppa (_1ppa (3 ppl (3 pl_ (:_ p_ (3 ppm

IUI5 Et,hylene Oxide 3 ppa <3 ppa <3 ppa <3 pp_ <3 ppi (3 ppn

733 SNi-Volmt.ile Organic Compounds

B2_ Aniline ( 111 < 11 ( 111 ( 111 ( ii < 111

I]3¢ Benz(A)Ant_hrmcone ( lip ( 111 ( 111 ( 11 ( 11 ( 111
B33 Benzidil_ ( 111 ( 1111 ( 111 ( 1_1 <:111 ( 111

B34 Bonzo(B)Fiuormnthnno ( 111 ( 11 ( 111 ( 111 ( 11 ( 111

B38 Bis(2-Chtoroet,hox)*)Wet,hmne ( 111 < II ( 11 ( 111 < 111 ( 111
I]39 Bis(2-Chloroet,h)*l)Et,her ( 111 K 111 < 111 ( 111 ( 11 ( 1l

B411 Bis(2-Et,hylhexyl)Pht,hai_t,e ( 111 ( 111 ( 111 ( 111 < 10 < 10

B41 4-Broaophenyl Phenyl El,her < 111 ( 1t < li ( 111 ( 111 ( z11
B42 Butyl Benzyl Phthzlmt,e ( 111 ( 1I ( 11 ( 11 ( Iii ( 1Iii

1345 P-Chloromniline ( 111 ( 1I ( 1I ( _I ( 11 ( 1I

B46 P-Chloro Ik-Crssot ( 111 ( 10 < 11 ( 10 < 11 < 10 ,

B4S 2-Chloronaphthzlene ( 111 ( 11 ( 1l ( 111 ( 1l ( 111

B49 2-Chlorophenol ( 1¢ ( 18 ( 111 ( 11 ( 11 < 11
B511 Chrysene ( 111 < 11 ( II ( 1l ( lD ( 11



_. (contd)

Detection 88351 88353 88355 88357 88359

Analyticml Limit Byers Lndg Slide Seep Ringold Priest Rupid Richland
Code Compound Cppb) Irr _n Irr Rtn River Puuphouse

731 Volatile Orginic C_pounds

A75 Bromo_etone 11 (1t (11 (11 (11 (11

A82 Chlor_ethylmethylether 11 (11 (1/ (II (1| (li
_3 Crotonmldehyde 11 (11 (II (II (Ii (Ii

A84 1,2-Dibromo-3-Chioropropmne li (11 (11 (11 (li (18

" A85 1,2-.Oibromoethane 1B (li (li (li (lg (li

A88 Dibromomethlne li (1| (li (li (li (li
A87 1,4-Oichloro-2-_tene 11 (11 (li (11 (1B (1U

/k88 Oichiorodifiuoromethane 11 (18 (11 (I0 (11 (li

A;,I N,N-Diethylhydruzine 11 (11 (11 (1l (11 (li

AM HydrogenSulfide 11 (li (11 (11 (11 (li
L

M1 Iodo eethlnI II (11 (II (11 (1| (li

BI2 Ik_thmcrylocit,.ile li (li (1_ (li (10 (11

Bl3 Itethineihio8 li (11 (11 (11 (11 (11
84 PentechloroethIne li (11 (11 (11 (li (11

ME 1,1,1,2-Tetrmchloroethmne li (11 (11 (11 (11 (11

B_ Trichloroaethanethiol I| (li (11 (11 (11 (li

BII Trichlorofluoremethune 11 (II (11 (II (11 (11
811 Trichloropropan¢ li (11 (li (1I (11 (li

812 1,2+3-Trichloropropane 10 (1! <11 (11 (11 (li

815 Diethylarsine 11 (11 (11 (1l (1I (II

C71 Forlmldehydo 5BI (5iI (SU (SH (SII <51I

C14 _thyI t_thucrylite 11 (11 (ii (II (II <ll

Ethyl Methicrylmte 11 (li <ll (II <1| (II

B19 Acetonitrile 3 ppi (3 ppm (3 ppm (3 ppI (3 ppm (3 ppt

H05 Ethylene Oxide 3 ppm (S ppi (3 ppm <3 ppl (3 ppI (3 ppm

733 Seni-Volmtilo OrgmnicCoipoundm

826 Aniline ( 11 < 11 ( li ( 11 ( 11 ( li

_I BInz(A)Anthrmcene ( II ( I¢ ( II ( II ( II ( li

_3 Benzidine ( 11 ( II < II ( 1I ( II < 11

_4 Benzo(B)Fluoranthene ( 1I ( 1| ( li ( li ( lJ < li

838 Bis(2-Chloroethoxy)Methane ( 11 ( li ( 11 ( 11 ( II ( 1I

839 Bis(2-Chlor'oethyl)Ether < li < '18 ( 11 ( li ( 11 ( li

B4I Bis(2-EthyIhexyl)Phthalate ( li ( 1I ( 11 ( lm ( II ( Ig

B41 4-BromophenylPhenyl Ether ( 11 ( 1l ( 1| ( lJ ( 11 ( 1B

I)42 Butyl Benzyl Phthmlate < 11 < 1| ( tO ( lg ( lg < 10

545 P-Chloroanilina ( le ( 11 ( 11 ( li ( li ( 10 :

848 P-ChloroM-Cresol ( 10 ( 1| ( 18 ( 11 ( 1_ ( 18
848 2-Chloronaphthmlene ( IB ( li ( II ( I@ ( II ( II

849 2-Chlorophenol < 11 ( 11 ( 11 ( lm < 1@ ( 10

85_ Chrysene ( 10 ( li ( 11 ( le ( 10 ( 10

D l't
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TABLE B.7. (contd)

Detection 88316 86322 88335 88346 88348

Analytica; Limit RM6,9 I_ 14,S RM28.1 _ 42.1 RU42.3

Code Colpound (ppb) Spring Spring Spring Spring Spring

733 Semi-Volatile Organic Coapound=
B56 Dibenz(A,H)An&hracene ( I0 _ II ( ig ( i| ( I_ ( I_ ,

BgB Di-N-Butyl Phth=late < 1| < 11 < lg < lJ < lJ < lg

881 1,2-Dichlorobenzene < 11 ( lg ( 11, ( lJ ( 10 ( le
862 1,3-Dichlorobenzene ( 10 ( 10 ( 1,8 ( 11 ( 18 ( le

883 1,4-Dichlorobenzene ( lW ( 18 ( 1B ( 18 ( 18 < 18

B84 3,3_-Dichlorobenzidtne ( 2J ( 28 ( 2m < 2g < 20 < 20

_5 2,4-Dichlorophenol ( Ig ( 10 < 10 < 10 ( 10 < 10
887 Diebhyl Phth=l=_e ( 10 ( lm ( 10 ( 10 ( 10 ( 10

875 2,4-Dinthylphenol ( 1| ( 10 ( 10 < 10 ( 10 ( 10

876 Dinethyl Phthala_e ' ( 10 ( 10 ( li ( lJ ( 10 ( 10

878 4,8-Dinitro-O-Cruol ( 10 ( 11 ( lW (10 ( 10 ( 10
BBI 2,4-Dinitrotoluene ( 10 ( 10 ( 1| ( 1| ( 1| ( 10

1381 2,6-Oinitrot_luen_ ( 11 ( 10 ( 11 ( 10 ( 10 < 10

882 Di-N-Octyl Ph&hala_e ( 10 ( 11 ( 10 ( 10 ( 10 ( 10

884 1,2-Diphenylhydrazine ( 10 ( 10 ( 10 ( 10 ( 10 < 10
088 Fluoranthene ( 10 ( 10 ( 10 ( 10 ( 10 < 10

889 Hexachlorol_nzene ( 10 ( 10 ( 10 ( 10 ( 10 ( 10

Bg| Hexechlorobutsdiene _ 10 ( 11 ( 10 ( 10 ( 10 < 10

891 Hexachlorocyclopontadiene ( 10 < 11 ( 10 ( 10 ( 10 < 10
892 Hextchloroe&hane ( 10 ( 10 ( 11 " ( 18 ( 10 ( 18

893 Indeno(1,2,3-CD)Pyrene ( I_ ( 10 ( 10 ( 10 < 10 < 10

CB4 Hexachlorophene ( 1_ ( 10 ( 10 ( 10 ( 10 ( 10

C55 Naphthalene ( lJ ( II ( 10 ( 10 ( 10 ( 10
C12 Nitrobenzene ( 10 ( 10 ( 10 ( 10 ( 10 ( 10

C17 N-Nitrosodimethylamin ( 10 ( 10 ( 10 ( 10 ( 10 < 10

C57 Phenol ( la < 10 ( 10 ( 10 ( lJ < 10

C43 1,2,4-Trichloroben¢ene ( 10 ( 10 ( li ( 15 ( 10 ( 10

B7g 2,4-Dini'brophanol ( 50 ( 50 ( 50 ( 50 ( 68 ( 50
C13 4-Nitrophenol ( 50 < 50 ( 5a ( 50 ( 6m ( 58

C11 Para-Ni_roaniline ( 60 ( 60 ( 5| ( 50 ( 50 < 50

C28 Pent=chlorophenol ( 50 ( 5| ( 611 ( 6| ( 50 < 60
C44 2,4,S-Trichlorophenol ( 5m ( SI ( 58 ( 5_ ( 50 ( 50

C45 2,4,8-Trichlorophenol ( 10 ( 18 ( 10 ( 10 ( 18 ( 18

C58 1,2,3-Trichlorobenzene ( I0 ( 10 ( 10 ( 10 ( 10 ( 10

C58 1,3,5-Trichlorobenzene ( Ie ( 10 ( 10 < 10 < 10 < 10

C37 1,2,4,@-Te_rachlorob_=ene < lD < 10 ( 10 < 10 ( iB < 1_

cBg 1,2,3,4-Tetrachlorobenzene ( 10 ( lJ ( 10 ( 10 ( 1_ ( 10
#

C6B 1,2,3:5-Ta_rachlorobenzene ( 10 ( lO < 10 ( 10 ( 1_ ( 10
C28 Pent_chlorobenzene ( 10 ( 18 < 10 ( 10 ( 10 K 10

851 Cresol= < 19 < 18 ( 10 < I_ ( iB < 10

885 N-N!trosodinpropylsmine < 10 < 10 ( 10 ( lm ( 10 < le

B.18
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TABLE B,7. (contd)

Detection 88351 88353 88356 88357 88359

Analytical Limit Byers Lndg Slide Seep R)ngold Priest Rapid Richland

Code Compound (ppb) Irr Rtn Irr Rtn River Pumphouse

733 Semi-Volotile Organic Colpou81ds

• B55 Dibenz(A,H)Anthracene ( II ( i| ( 11 ( 11 ( lJ ( 14

880 Di-N-Butyl Phthslete ( I| ( 14 ( 14 ( 14 ( la < 14

861 1,2-Dichlorobenzene ( lJ ( 14 ( 11 < 11 ( 14 ( 14

862 1,3-Olchlorobenzene < 10 ( Ig ( 11 ( 14 ( 11 < 14

1383 1,4-Dichlorobenzene < IB ( 14 ( 14 < 11 < 11, < 14

864 3,3'-Dichlorobenzldine < 21 ( 24 < 21 ( 24 < 24 < 24

865 2,4'Dtchlorophenol ( 11 ( 11 ( 11 ( 14 ( 14 < 14 _ ,

867 Diethyl Phthelate ( 11 ( 11 ( 11 (11 ( 11 < 14
875 2,4-Dieethylphenol (11 ( 11 ( 1t ( 11 ( 11 < 14L '

B76 Dimethyl Phthala_ ( 11 ( 11 ( 11 ( 1| ( 11 (I4

178 4,6-Oinitro-O-Cr_ol ( 11 ( 11 ( 1| ( 11 ( 11 ( 14
88| 2,4-Dinitroboluene ( le ( 14 ( 11 ( li ( 11 ( 14

881 2,6-Dinitrotoluene ( 11 ( 11 ( 11 ( 11 ( 11 ( 11

882 Di-N-Octyl Phthala_e ( 11 ( 11 ( 11 ( 11 ( 11 ( 14

1384 1,2-Diphenylhydrazine ( 11 ( 11 ( 11 ( 11 ( 11 ( 14
I]88 Fluoranthene ( 11 ( 11 ( 11 ( II ( 11 K 14

1389 Hexachlorobenzene ( 11 ( 11 ( 1t ( 11 ( 11 ( 14
BgO Hexachlorobutadiene K 11 (11 ( 11 ( 11 ( 11 ( 1B

Bgl Hexachloroc_clopentsdiene < 11 ( 14 ( 11 ( 11 ( 11 ( 14
i_2 Hexachloroethane ( 11 ( 14 ( 11 (11 ( 14 < 14

893 Indeno(1,2,3-CD)Pyrene ( 11 ( 11 ( 14 ( 14 < 11 < 14

C54 Hexachlorophene < 11 < ii < 11 < 11 < 14 < 14

C55 Naphthalene < 11 ( 11 ( 11 ( 14 ( 11 ( 1_

C12 Nitrobenzene < 11 ( 11 ( 11 ( 11 < 11 < 10

C17 N-Nitroeodimethylaein ( 14 < 14 ( 14 ( 11 ( 11 ( 14

C57 Phenol ( 11 ( 11 < 11 ( 11 < 11 < 1_

C43 1,2,4-Trichlorol_nzene ( 11 ( 11 ( 11 ( 11 ( 11 < 14
879 2,4-Dinitrophenol ( 51 ( 50 ( 51 ( 51 < 51 ( 5¢

C13 4-Nitrophenol ( 5B ( 51 ( 5¢ ( 5| ( 81 ( 5¢

Cll P_ra-Nitroaniline ( 51 ( 51 ( 5t ( 51 ( 51 < 54

C28 Pentachlorophenol ( MI ( 54 ( 51 ( 51 ( 51 ( 50

C44 2,4,5-Trichlorophenol ( 51 ( 51 < 51 ( 51 ( 51 ( 51
C45 2,4,6-Trichloropherlol ( 11 ( 14 ( 11 ( 14 ( 11 ( 14

C56 1,2,3-Trichlorobenzene ( 11 ( li ( 11 ( 14 ( 11 < 10

C58 1,3,5-Trichlorobenzene < 10 < 14 < 14 < IB ( 11 < I_

C37 1,2,4,5-Tetrachiorobenzene ( 14 < 14 < 14 < 11 < 11 < lh

C59 1,2,3,4-Tetrachlorobenzene< 14 ( 14 ( 11 < 14 ( 11 ( 14

* CB0 1,2,3,5-Te_rachlorobenzene< i_ < 14 ( 11 < I4 ( 18 ( 14

C28 Pentachlorobenzene < 11 ( 11 ( 11 < 14 ( 10 K lg

851 Cresols < 14 < 1B < 14 ( 10 < 18 ( 14

885 N-Nitrosodinpropylaeine ( 14 ( i_ ( IB ( 14 < 11 < 14

B.!9



TABLE B.7. (contd)

Oe_ection 88316 88322 88336 88348 88348

Analytical Limit RU8.9 RM14,5 RM28.1 RM42.1 RIC42,3

Code Coapound (ppb) Spring Spring Spring Spring Spring

733 Semi-Volatile Organic Colpounde

C4g Benzo(A)Pyrene < 10 < 1| ( lJ ( 19 < lm < 16 o

C51 Bia(2-Chloroiaopropyl) E_hor < li, < li < 16 < 16 < 19 < 16

I21 Tributylphoephate < 19 < lS < 1¢ < 19 ( 19 < 19
029 Ace¢ophenone < lO < 19 < 16 < 19 < 19 < 19

821 Warflrin < 19 ( 19 ( 19 < 19 ( le < Ig

822 2-Acetylaiinofluorene < lg ( 19 ( 10 < 18 < 10 ( 19

823 4-h=inobiphenyl < 10 ( 10 ( 10 ( 19 < 19 < 16
B24 5-(_inomethyl)-3-Isoxazofol < 10 < 19 < 10 < 10 < 10 ( 10

925 Ami_role < 10 < 19 < 10 < 1@ < 10 ( 10

827 Aramite < 19 < 10 < 10 ( 10 ( 10 < 19

828 Auramine ( 10 ( 10 ( 10 ' ( 19 < 10 < 1@

B2g BenzCC)/_:ridine < 10 ( I@ ( II ( 19 < I0 < I0

I]31 Benzene, Dichlorome_hyl ( 1| ( 11 ( 10 ( 10 < II < li

832 Benznetholl ( li ( li < li < 19 ( li ( li

838 P-Benzoquinone < li < lJ < lg < 19 < li < 10

037 Benzyl Chloride < II < li ( 11 ( 19 ( 19 ( 10

043 2-_w:-Betyl-4,B-Dinitrophenol ( 1t < 10 ( 11 ( 11 ( ii ( 10
844 Chioroalkyl Ethers < 10 ( 1| ( 10 < 19 ( 10 < 19

047 1-Chloro-2,3-Epoxypropane ( 19 < II ( II < 19 < ii < 10

852 2-Cyclohexyl- ( 19 < 18 ( II ( 18 < li < li
4,@-Dinitrophenol

B53 Dibenz(A,H)Acridine < 19 < 18 < II < 19 < li < 18

B54 Dibenz(A,J)Acridine < 19 < 10 < ii < 19 ( 10 < 19

B56 7H-Dibenzo(C,O)Carbazole ( 18 ( 18 < li < 19 ( il ( 19

857 Dibenzo(A,E')Pyrene ( 19 '< II ( !l < 18 < li < 19
868 Dibenzo(A,H)Pyrene < 19 < 18 < li < 19 ( 18 < 18

B69 Dibenzo(A,I)Pyrene < 19 < 10 < 11 < 19 ( 16 < 19

886 2,8-Dichlorophenol < 19 < 19 < II ( 19 < 18 < 19

868 Dihydroa=frole < 1_ < 1_ ( 10 ( 19 ( 19 < 19
Big 3,3J-Oimethoxybenzidine ( 18 ( li ( 10 < 19 < II ( 10

979 P-Uimethylainoizobenzene ( 19 ( 11 < li < 18 < 1B < 10

871 7,12-Dimethylbenz(A) < 1| < 18 ( li < 19 < 18 ( 19
Anihracene

872 3,3'-Dimethylbenzidine < li < 10 < 18 < 19 < 18 < 19

873 Thiofanox < 19 < 19 < 16 < 19 < 16 < 19

874 Alpha, Alpha-Dimethylph_ne- < 18 < 10 < 19 < 19 < 19 < 19

thylmmine

977 .Dini_robenzene ( 18 < 10 ( 19 < 19 < ii < 19 '

083 Diphenylamine ( 19 ( 10 < II < 19 < lt < 19

886 Ethyleneimine ( _9 ( 16 "( 18 < 18 < 18 < 19
887 E_hyl I_ethanesulfona_e < 19 < 19 < 16 < 19 < 18 < 19

894 Isoeifrole < 19 < 19 < li ( 19 ( 19 ( II

B.20



TABLE B.7. (contd)

Detection 88351 88353 88355 88357 8835g

Analytical Limib Byers Lndg Slide Seep Ringold Priest Rapid Richland

Code Compound (ppb) Irr Rbn Irr Rbn River Pumphouse

733 Sell-Volatile Organic Compounds

C49 Benzo(A)Pyrene < 1B (1B ( 1B ( 10 < lg < 1B
C51 Bis(2-Chloroisopropyl) E_her ( 18 ( 1@ ( 10 ( 10 < 18 ( 10

I21 Tributylphosphate ( 10 ( 1B < lg ( lg ( 10 < 10

. 520 Acetophenone < 10 < 10 < 10 < 10 < 10 < 18
821 Warfarin ( 10 ( 10 ( 10 < 10 ( iB < 10

B22 2-Ace_ylaminofluorene ( 10 ( 10 ( 10 ( 10 ( 10 < 10

523 4-Aminobiphsnyl ( lj ( 10 ( 10 < 10 ( 10 ( 18

B24 5-(Aminoeethyl)-3-Isoxazolol ( 10 ( 10 < 10 ( 10 < 10 ( 10
B26 AMitrole < 10 < 10 < 10 < 10 < 10 < 10

B27 Aranite < 10 < 10 < 10 < 10 < 10 < 10

828 Auramine < 10 < lg ( 18 ( lfl < lg < 10

829 Benz(C)Acridino < 10 < 10 ( 18 < II < li < 10

531 Benzene, Oichloromethyl ( 10 < li ( li ( li < li < 10

1332 Benzenthoil ( li ( 18 < li < li < li < li

538 P-Benzoquinone < 10 < 18 < II < li < li < li
537 Benzyl Chloride ( 10 ( II < 10 ( 1i ( II < 10

1343 2-Sec-Butyl-4,6-Dini_rophenol ( 1@ ( 1¢ ( li < II ( II ( 10

IN4 Chloroalkyl Ethers ( li ( II ( li ( 18 ( 10 < 19

547 1-Chloro-2,3-Epoxypropane ( 10 ( 1¢ < II < 1¢ ( 10 (.10
B52 2-Cyclohexyl- < II ( 1¢ < 10 ( 10 < II ( 10

4,8-Dinitrophenol

Bi3 Dibanz(A,H)Acridine ( 10 ( 1¢ ( 10 ( 10 ( II < II

B54 _; _nz(A,J)kcridine ( 1B ( 19 < li ( li ( li < lg
563 7H-Dibenzo(C,O)Carbazoie ( 10 ( I¢ < 10 < 10 ( 10 ( lg

557 Dibenzo(A,E)Pyrene < 19 ( lg ( 18 ( li ( ii < 19

B58 Dibenzo(A,H)Pyreno ( 10 ( 1¢ ( 10 ( 19 < 10 ( ii

Big Dibenzo(A,I)Pyrene ( 10 ( 10 < 18 ( II ( 10 < 10
568 2,8-Dichlorophenol < 10 ( 1¢ < 10 ( 10 < 1¢ < 19

B@8 Dihydrosafrole ( lg ( 18 ( li ( ],0 ( II ( 19

589 3,3'-Oimebhoxybenzidine < 10 ( 1¢ < II ( 10 < 1¢ < 19

B7g P-Dimethylaminoazobenzene ( 19 ( II ( 10 ( li < ii ( 10

571 7,12-Dimethylbenz(A) < 10 ( 1_ ( II ( 10 ( 10 ( 10
Anthracene

B72 3,3'-Dimethylbenzidine ( 10 ( 1¢ < 10 < 10 ( 1_ < 10

573 Thiofanox < 10 ( II ( 10 < 10 ( 10 < 19

B74 Alpha, Alpha-Dime_hylphene- < 19 ( 10 ( 19 < 10 ( 10 < 10
thylamine

B77 Dini_robenzene < 19 ( 10 ( II ( 10 ( li ( 10

583 Diphenylanins < 19 < I¢ < 10 < 19 < IB < 10

B86 Ethyleneimina < 10 ( 10 < 10 < 19 ( 10 < 10

587 Ebhyl kCethanesulfonate ( 10 ( 10 < 19 ( 10 ( 10 ( 10

Bg4 Isosafrole < 19 < I¢ < 10 < 19 < 19 < 19



TABLEB.Z. (contd)

De_action 88318 88822 88335 88348 88348

Analytical Lielt _ 8,g RM14.3 R_ 28,1 RM42,1 RM42,3

Coda Coapound (ppb) SprLng Spring Spring Spring Spring

733 Seni-Volattla Organic Coapound8
, BgC kCmlononitrila ( 10 ( 11 < lg < 16 < 19 < 16 ,

B98 Malphalan < 10 < li < lm < 1S < le < 19

BeT Wathapyrilene < le < le < le < I_ < le < 19

Bg8 l,btholonyl < le < le < le < 1e <.19 < 19

Be9 2-Hethylaziridine < le < 19 < I_ < le < le < 19

C61 3-Methylcholanthrene < le ( le ( 19 ( le < le < 19

Ce2 4,4'-;lethylanebls(2-Chloro-( le < Ie ( 10 < le < le < le

aniline)
Ce3 2-Methyllsctonitrila < II < 10 < II ( 11 < 11 < 19

Ct8 I_thyl _thanasulfonate < I| ( Ii < le < le < li < 19

Ce6 2-Methyl-2-(l_thylthio)Prop-< I@ < I@ < le < le < II < 19

ionaldahyda-O-(Methyl-

czrbonyl)Oxiue
CI7 _thylthiour_cil < li < II < IS ( li < li < 19

Ce8 1,4-Naphthoquinona < le ( li ( le < le < le ( 19

cig 1-Napthylaino < 1@ < le < 1@ < le < li < le
ClO 2-Napthylaaine < li ( li ( 19 ( le < lg ( 19

C14 N-Nitrosodi-N-Butylaaine ( li ( li < li < li ( le < 19

Cl8 N-Nitrosodiethanolnine < le < li < 19 < li < 1S < 19

C18 N-Nitrosodiethylanina < le < li < le < 10 < 18 < 19

cii N-Nitrosoaethylethylanina < li ( li ( le ( 19 ( le ( 19
Clg N-Nitroso-N-Methylurethane < le < li < 19 < le < li < 18

C2i N-Nitrosomethylvinyluine < li < li < li < le < 19 < 19

C21 N-Nitrosoeorpholina < le < le < le < le < le < le

C22 N-Nitrosonornicotine < li < li < li < le < li < 19

C23 N-Nitrosonopiperidine < li < li ( 16 < li < li < 19

C24 Nitrosopyrrolidina < I| < II < IB < le < le < 19

C28 5-Nitro-O--Toluidine < li < li < li < le < li < 19

C27 Pentachloronitrobenzene ( II < Ii ( lO ( li ( li < le

c2g Phenacetin < 1@ ( li ( 1| ( le < li < 18
C3i PhanylenediRine < li < li < 19 ( 16 ( li ( le

C31 Phthalic Acid Esters < IS ( li < 19 ( le < li < 19

C32 2-P]coline < 1i < li < 19 < le < 1S < 19

C33 Pronamide < 19 < 19 < 19 < 1,9 < 16 < 10

C34 Reserpine < le < le < 19 < le < IS < 19

C38 Rescorzinol ( le < le < 19 < 19 < 19 < 19

C38 Safrol < le < le < 19 < le < 19 < 19
4

c3g 2,3,4,_-Ta'brachlorophenol '< iI < li < 18 < 19 < le < 19

C4i Thiura= < le < le < le < le < le '<19

C41 Toluenediamine < lt < 1_ < 19 < le < le < 19

c42 O-Toluidine Hydrochloride < 1# < le < 19 < 19 < 19 < 19

B.22
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,T.ABLE,B,.,7,.(contd)

Detection 88351 88353 88355 88367 88359

Analytical Limit Byers Lndg Slide,Seep Ringold Priest Rapid Richland

Code Compound (ppb) Irr Rt,n Irr Rtn River Pumphouee

733 Semi-Volatile Organic Compounds

. rB_5 Malononltrtle < 1= < lj < lm < 11 < 18 < 10

_6 Malphmlan < 10 < 10 < 10 < I_ < 10 < 10

!]97 Mmthmpyrllene < 10 < 10 < 18 < 10 < 10 < 18

BOB Mathotonyl < 10 ( 18 < 18 < 10 < 18 < 18
Bog 2-t_thylmzirldine < 10 < 18 < 18 < 18 < 18 < 18

C81 3-_&hylcholanthrene < 10 < 18 < 10 < 18 < 18 < 10

C82 4,4'-_thylenebie(2.,Chloro-< 10 < 18 < 18 <10 ( 18 < 18

mniline)

C_3 2-1/ethyllactonitrile < 18 ( 10 ( 10 < 18 < 18 < 10

C85 _thyl _thenesul_onmte < 18 < 18 < 10 < 10 < 10 < 18
C86 2-Methyl-I-(IJethylihio)Prop- < 10 < 10 < 18 < 18 < 18 < 10

ionmldehyde-O-(Me_hyl-

carbonyl)Oxine

CJ7 I_thylthiourmctl < 18 ( 10 < 18 < 18 < 18 ( 10
C88 1,4-Naphthoquinone ( 10 ( 10 ( 18 < 10 < 10 ( 18

COg 1-Nepthylmmine < 18 , < 10 < lg < 10 < 10 < i0
C1_ 2-Nmpthylamine < 18 < 10 < 1| < 10 < 10 < 10

C14 N-Nitrosodi-N-Butylamlne < 10 < 10 < 10 <18 ( 10 ( 18
C15 N-Nitroamdiethmnolamine < 10 < 10 < le < 18 < 18 < 10

C18 N-Ni&rosodie&hylamine < 10 ( 18 < 18 ( 10 ( 10 < 18

C18 N-Nitromomethylethylamlne < 10 ( 18 < 18 < 18 < ),0 < 18
C19 N-Nitroso-N-Methylurethane < 18 < 18 < 10 < 18 ( 10 < 10

C20 N-Nitrosomethylvinylamine < 18 < 10 < 18 < 18 < 10 < 10

C21 N-Ni_rosomorpholine < 10 < 10 < 1_ ( 18 ( 18 ( 18

C22 N-Ni_roaonornicotine ( 1_ ( 18 < 1_ < 1_ ( 10 < 10

C28 N-Ni_rosonopiperidine < 18 < 10 < 1_ < 1_ < 18 < 1_

C24 Nitroeopyrrolidine ( 10 ( 10 ( 1_ ( 10 < 10 ( 28
C25 5-Nitro-O-Toiuidine ( 10 < 18 < 1_ < 18 < 18 < 10

C27 Pentachloronitrobenzene < 10 < 10 < 10 < 10 ( 10 < 18

c2g Phenacetin ( 10 ( 10 < 10 < 10 ( 10 < 1_

C3B Phenylenediamine ( 18 < 10 < 1B < 10 < 10 < 10

C31 Phthmlic Acid Esters < 10 ( 10 < 10 ( 10 < 10 < 10

C32 2-Picoline < lg < 10 < lg ( 10 ( 10 ( 10

C33 Pronmmide < 10 < 10 < 1_ < 10 ( 10 < 18
C34 Reserpine < 10 < 10 < 10 < 10 < 18 < 18

C35 Reecorzinol < 10 < 10 < 1B < 18 < 10 < 10

C36 Safrol < i_ < 18 < IB < IB < 18 < 10

c3g 2,3,4,8-Tetrachlorophenol < 10 < 10 < 10 < 18 < 18 < 18

C4e Thiuram < 10 < 10 < 10 < 10 < 18 ( 10

C41 Toluenediaeine < 10 < 10 < 10 < 10 < 10 < 10

C42 O-Toluidine Hydrochloride < 10 < 18 < 1_ < 10 < 18 < 10

B.23



IABI.E B._. (contd)

Detection 88318 88322 8@335 88346 88348

Analytical Limit RM8,9 P_ Z4.6 RM28,1 RM42,1 RM42,3

Code Compound (ppb) Spring Sprlng Spring Spring Spring

733 Semi-Volatile Organic Coapounds

C46 0,0,0-Trlethyl Phosphoro- < lj < le < lJ < l0 < lW < le
thioate

C47 Sym-Trlnltrobenzene < la < 1_ ( lg < lg < le < le

C48 Trie(2,3-DIbronopropyl)- < le < 18 < Ie < 1_ < 18 < 18

Phosphate
C58 Chloronaphazlne < le < 18 (le ( le < le < 18

C52 Hexachloropropene (le < XE ( i_ < ig ( le < 18

C79 Kerosene ( I_ < IE < le < Ig < 18 < IE

C92 Maleic Hydrazlds <SH <SH (SH <TH <558 <BEe
C93" Nicotinic kcld <IU <188 <lee <lH <lEe <lee

C91 Strychnine < 58 < 58 < 6_ < 58 < 58 < 58
_5 Benzo(J)Fluoranthene < le ( le ( le < 18 < le < le

734 PhosphorouePesticides

C81 Tetraethylpyrophosphate 2 <2 <2 <2 <2 <2
C83 Carbophenothion 2 (2 <2 (2 <2 <2

C84 Oisulfoton 2 (2 <2 <2 <2 <2
C85 Disethoste 2 <2 <2 <2 <2 (2

C86 t_thylpsrathion 2 <2 <2 <2 <2 <2
C67 EtHyl Parathion 2 <2 <2 (2 <2 <2

786 Direct AqueousZnjection Analysis

C53 Hydrazine 30ee <38H (3888 (388e <3H0 <3_
C98 Paraldehyds 2_H <2888 <28H <2088 <288_ <288_

c94 Acrylaside 188H (IHee <IHH <IgHe <lHge <lem_

C95 Allyl Alcohol 25H <26ge <25H <25¢e <2558 <25Be

C97 Chioroacetaldehyde 16_8m <188H <16eeJ <16H_ <16888 <16888

C98 3-Chloroproplonitrile 4_H <4He (4eH <48_e <4888 <48_
H83 EthylCarbamato 5_e <58_8 <5He <5_88 <6Bee <58_

H_4 Ethyl Cyanide 2_H <less <2ees <2Hg <2H8 <2880

H_9 Isobutyl Alcohol 1_08 <lHe <leeJ <1_88 <1888 <18_8

Hl1 N-Propylamine le_88 <1sHe <1Hem <IJBH <18888 <18888

H12 2-Propyn-l-0L 88sm <8He <8He (888_ <880_ <88H

737 EnhancedHerbicides

Hl3 2,4-D 2 <2 <2 <2 <2 <2

H14 2(2,4,5-T)P 2 <2 <2 <2 (2 <2

H15 (2,4,5-T) 2 <2 <2 <2 <2 <2 ,

B.24
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TABLEB.7. (contd)

De_ectlon 88851 88858 88B66 88857 88369

Analytical LI.It Byors Lndg Slide Seep Rlngold Priest Rapid Richland

Code Compound (ppb) Irr Rtn Irr Rtn River Pumphouee

733 Seml-Vo Iat1le 0rganlc Compotmdm

. C48 O,O,O-Triethyl Phoephoro- ( 19 < 16 < 1B < 16 < Le < 16
thtoa_e

C4T Sym-Trlnltrobenzene < 16 < 16 < 16 < 19 < 16 < 16

. C48 Trle(2,3-DIbroeopropyl)- < lP < I_ < 16 < 16 < 16 _ 1_
Phosphate

C66 Chloronaphazine < 16 < 16 < 16 < 16 ,( 16 < i6

C62 Hexachloropropene < 16 < 16 < 16 < 10 < 16 < 16
C79 Kerosene ( 19 < 16 < 16 < 16 < 16 < 16

C92 Melelc Hydraztde <566 <TH <666 <566 <666 <666

C93 Nicotinic Acid <lH <196 <16_ <16J <196 <166

C91 Strychnine < 5_ ( 66 < 69 ( 69 < 66 ( 66
835 Benzo(J)Fluoranthene < 16 "< 19 < 16 < 18 < 16 < 16

734 Pho=phoroumPeettcldeo

C81 Te_raethylpyrophoephate 2 (2 <2 <2 <2 <2

C83 Carbophonothion 2 <2 (2 <2 (2 K2
C64 Dieulfoton 2 (2 <2 (2 (2 (2

C86 Dieethoa_ 2 <2 <2 <2 <2 <2

C88 Methylparathion 2 <2 <2 <2 <2 <2

C87 Ethyl Parathion 2 <2 _ <2 <2 (2 <2

736 Direct AqueousInjecbion Analysis

C63 Hydrazine 3666 <3666 <3666 <3666 <3666 <36_6

C96 Paraldehyde 2698 <2666 <2669 <2666 <2909 <2696

C94 Acrylaide 16666 <16666 (16666 <19669 <19666 <16966
C96 Allyl Alcohol 25H <2666 <2566 <26H <2mH <2666

C97 Chloroacetaldehyde 186H <18666 <16H6 <18668 (18666 <18666

C98 3-Chloroproplonltrile 4B69 <4666 <4666 <46H <4696 <4966

H93 Ethyl Carbaeate 5666 <6666 <5666 <56H <5968 <8699

H64 Ethyl Cyanide 2666 <2669 <2696 <2669 (2666 <2666
H09 Isobutyl Alcohol 1969 <1666 <1666 <1666 <1666 <1666

Hll H-Propylaine 16666 <16669 <16666 <166H <16669 <16666

H12 2-Propyn-l-OL 8666 <8666 <8666 <8660 (8666 <8696

737 EnhancedHerbicides

H13 2,4-D 2 <2 <2 <2 <2 <2

H14 2(2,4,5-T)P 2 (2 <2 <2 <2 <2

H15 (2,4,5-T) 2 <2 <2 <2 <2 <2

B.25
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TABLE B,Z, (contd)

Defection 08018 8@a_2 888aB 88348 88@48

AnmJytlcal Limit RM8,9 EW14,6 RM28,1 RM42,1 RM42,3

Coda Compound (ppb) Spring SpPing Spring Spring Spring
lilii_i.ll ,_i_lii_= N.iN. ileal= ...i._lii= I_WWW_N.iW _INWiWNWN. _.i=._Nil _i.iNiill,l

73g PCBknelyml=
A64 Arochlor l_iB 4 <i <I <I <1

k

A66 krochlor 1221 1 <i <I <I (i

k60 krochlor 1232 I <1 <I <I <i

A67 krochlor 1242 I <I <I (! <I

k68 Arochlor 1240 1 <1 <1 <_ <1 "

^60 krochlor 1264 1 <1 <1 <1 <1
^50 Arochlor1200 1 <1 <1 <1 '<i

A2J kreenlc 6 <6 <6 <5 <6 <@

k21 _rcury 1,1 <|,1 <0 1 (B,1 <_,1 <0,1

k22 Selenium 6 <6 <6 <6 <6 <6
A23 Thallium 6 <6 <6 <5 (6 <6

A61 Lead 6 <5 <6 <6 <6 <6

CBg T0C (Total Organic Carbon) 4H 111| 433 668 702
C70 Cyanide 1¢ <1_ <1¢ 1_,6 <1_ (18

C77 Parch$ormta 1_e| ($Hg (IHg (iH0 (IgH (188_

C78 Sulfide 1Hl <1Hl <lffH <I_H <1aU <1888

CBJ AmmoniumIon 6J <6| <6¢ <61 <60

C81 E&hylmneGlycol 18 ppm (li ppm <11 ppm <16 ppm <li ppm <18 ppm
CB7 CitrusRed l_ee <IHO <18gg <I_8_ <10gg <1888

H16 TC (Total Carbon) 2ff_8 14068 18213 2648i 14298 15718

H42 T0X (Total Organic Halogen) 18 <l¢ <lm 3J,2 24,g

B.26



lIABLE B,.Z, (contd)

De_ec_lon 88361 88B53 88355 88387 8836g

Analytical Llal_ Bye0mLndg Slide Seep Rlngotd Prlem_ Rapid Richland

Code Compound (ppb) Irr' R_n Irr R_n River Pumphouse

739 PCBAnalysis

A54 krochior 1016 4 (1 (1

• A66 krochlor 1221 1 (i (i

A58 krochlor 1232 I (1 (I
A57 Arochlor 1242 1 (1 (1

" A58 Arochior 1248 1 (1 <1

ASg Arochlor 1254 1 <1 <1

A80 Aro_htor 1280 1 <1 <1

A20 Araenlc 6 6 (6 8 (B (6

A21 Mercury 0,1 (0,1 (0,1 (0.1 (0,1

A22 Selenium 5 (6 16 6 (6 (6

A23 Thallium 5 (5 (5 (6 (6 (6
A51 Lead 6 (6 (6 (6 (5 (6

, C89 TOC(To&al Organic Carbon) 2808 20ge 2600 1281 1272

CTO Cyanide 10 (10 (10 <10 <Ig <10

C77 Perchlora&e 1000 (lgO! (1000 (100_ (1000 <lOg_

C78 Sulfide, 10H <1000 <100e <1000 (1000 (1000

COO kmeonlua Ion 60 <6| <50 (60 <60 <50

C81 E&hylene Glycol 10 ppm (16 ppm (10 ppm (1_ ppe (10 ppm (10 ppa
C87 Ct_rua Red 1000 <10H <10H (1000 <1000 <1000

Hl0 TC (To_at Carbon) 2000 40770 8gg28 47290 13320 14103

H42 TOX (Tobal Organic Halogen) 10 28 12 14 <10 (le

l,

+
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IABLE B,,,,7_, (contd)

De_ec_lon 88395 88316 88819 88326 88322

Analytical LImI_ RH 3,3 RH8,9 RH 11,_ RH14,5 RH14,5

Code Compound (ppb) Spring Spring Spring Rlver Spring

735 IC Raper5

C72 NI'_ra_e 5H 6766 26689 2266 <566 <596 .
C73 Sulphate 5666 36966 36676 13966 16147 13197

C74 Fluoride 666 <599 <BgC <569 <566 <599
C75 Chloride 5666 6799 1079 1969 056 1113

CTB Phosphate 1666 <1966 <1666 (1696 <1996 <1969

De_ecSion 08326 68336 66332 66333 60335
AnmlySlcal Llml_ RH27,76 RH 27,25 RH27,6 RH28.1 RH20,1

Code Compound (ppb) Spring Spring Spring River Spring

735 lC Raper5
C72 Hl_rm_e 566 2297 6363 12713 31296 31646

C73 Sulphate 5666 14672 24767 33419 36546 38866

C74 Fluoride 566 <596 <596 <566 <566 <566
C75 Chloride 5999 1942 4999 6396 9249 9116

C76 Phoepha_e 1666 <1669 <1669 <166| <1699 <1699

Defection 86336 68330 08346 88341 68342

knmly_ cml LImI_ RH28,5 RH2,5 RH 38,25 RH 38,6 RU 41,5-,8

Code Compound (ppb) Spring Spring Spring Spring Spring

735 ICRepor_
C72 Nl_rm_e 566 28286 066 25437 13691 4684

C78 Sulphate 5966 39486 19966 28349 3983_ 29894

C74 Fluoride 509 <596 <599 <569 <666 <596
C75 Chloride 5966 7959 869 16986 959_ 7766

C76 Phoepha_e 1966 <k966 <1699 <1969 <19(9 <1996

B.28



TABLE,,,B=_7,(contd)

Detection 88843 88344 88348 88348 88349

Analytical Limit RU42,_ RM42,1 RM42,1 RM42,3 R_ 43,8

Coda Compound (ppb) Spring River Spring Spring Spring

736 IC Report
C72 NItrm&e 6Bl 2e468 2149 1807 9183 9168

' C73 Sulphate 6H| 4734_ 17270 17423 18328 14861

C74 Fluoride 6H (6H <6ffB (5U (6H <6_B
C76 Chloride 6Hg 16428 8920 76e6 1347_ 2673

C78 Phosphmte 1SH <I_H <lee| <leH <I_H <I_

Detection 88361 88363 88366 80367 88360

Analytical Limit Byere Lndg Slide Seep Rlngold Pricer Rapid Richland

Code Compouna (ppb) Irr Rtn Irr Rtn River Pumphouee

736 IC Report

C72 NItrm_e 6H 16831 6232J lJ795 (5Ba 664

C73 Sulphate 6_0| 6_87_ 2381H 8378a 10338 10802

C74 Fluoride 6ge <6H <6mB (5_e (6H <6_8
C76 Chloride 6H_ 13686 4237J 16816 806 IBlg

C78 Phosphate le_J <lgH (1BB0 <IBOB <I_H <I_H

B.29






