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SUMMARY

The Surface EnvironmentalSurveillanceProject (SESP)is conductedby

the PacificNorthwestLaboratory (PNL) for the U.S. Department of Energy

(DOE). This report presents the results of a special study conductedas part

of the SESP to supplementthe routine Columbia River monitoringprogram and

provide informationrelativeto the dispersion _nd distributionof Hanford-

origin contaminantsentering the river throughthe seepageof ground water

. along the Hanford Site.

Samplingwas conductedalong cross sections to determinethe distribu-

tion of tritiumwithin the Columbia River at Richland,Washington. The inves-

tigationwas also designed to evaluate the relationshipbetween the average

tritiumconcentrationsin the river water at this locationand in water col-

lected from the routineSESP river monitoring system located at the city of

Richlanddrinking water intake (RichlandPumphouse).

This study was conductedduring the summersof 1987 and 1988. Water

sampleswere collected along cross sectionslocated at or near the Richland

Pumphousemonitoring station. Sampleswere collectedsimultaneouslyfrom the

routineriver monitoring system locatedat the RichlandPumphouse. Sampling

was conductedunder low flow conditionsduring 1987 to minimize dilution and

maximize the potential impactof Hanfordcontaminantsentering the river.

During 1!)88,sampling was conductedunder low, average, and high flows to

better understandthe influenceof river dischargeon the distributionof

tritiumin the river downstreamof Hanford.

Tritiumconcentrationswere highestnear the Benton County shoreline,

Hanfordside of the river, under certainriver flow conditions. The concen-

trationsof tritium generallydecreasedto backgroundlevels with distance

across the river. Tritium concentrationsin samplescollectedfrom the rou-

tine monitoring system at the RichlandPumphousewere consistentlyelevated

+ when comparedwith average river concentrationsas determinedthrough cross-

sectionalsampling. As expected,impactswere greatestduring low river flow

conditions.
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INTRODUCTION

The Surface EnvironmentalSurveillanceProject (SESP) is conducted by

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

(DOE). The routine Columbia River monitoringprogram, conductedas part of

the SESP, provides a historicalrecord of contaminantconcentrationsin the

. river attributableto natural causes,worldwide falloutresultingfrom past

atmospherictesting of nuclearweapons, and operationsconductedat the

. HanfordSite. In additionto routinemonitoring,special studiesare con-

ducted periodicallyto enhance the understandingof the transportand fate of

contaminantsin the river. Specialstudies also provide informationnecessary

to accuratelyevaluatethe routinemonitoringdata.

This report presents the results of a special study, conductedas part

of the SESP, to determinethe distributionof tritiumwithin the Columbia

River at Richland,Washington. The investigationwas also designedto

evaluatethe relationshipbetweenthe averagetritium concentrationsin the

river water at this location and in water collectedfrom the routine SESP

monitoringsystem located at the city of Richlanddrinking water intake

(RichlandPumphouse). This study was conductedduring the summersof IgB/ and

1988 to supplementthe routinemonitoringprogram and fulfill recommendations

provided in applicablemonitoringguidance.

This report provides backgroundinformationuseful in understandingthe

rationaleand reasoningbehind this investigation. The introductorymaterial

is followed by a descriptionof the study, discussionof the results, and

conclusionsbased on the study findings. Data, which are discussedand

displayedgraphicallyin the text, are presentedin tabular form in the

appendices.



BACKGROUNDINFORMATION

The Hanford Site, establishedin 1943, is locatedin southeastern

Washington,occupyingan area of approximately560 square miles. The Site

lies approximately170 miles southeastof Seattle,Washington;125 miles

southwestof Spokane, Washington;and 200 miles northeastof Portland,Oregon

. (Figure1). The Columbia River,which origi!,tes in the mountainsof eastern

BritishColumbia,Canada, flows throughthe northern edge of the Hanford Site

. and forms part of the Site's easternboundary. The flow of the Columbia River

is regulatedby 11 dams within the United States, seven upstream and four

downstreamof the Site. Priest Rapids is the nearestdam upstreamof the

Site, and McNary is the nearestdam downstream. The Hanford Reach of the

Columbia River extends from Priest Rapids Dam to the head of Lake Wallula

(createdby McNary Dam) near Richland. This stretchof the Columbia River is

the last in the United States above BonnevilleDam that remains unimpounded.

COLUMBIA RIVER

Columbia River dischargesfluctuatesignificantlyas a result of the

relativelysmall storagecapacitiesand operationalpracticesof the nearby

upstream dams. Flows through the Reach are dictated primarilyby operations

at Priest Rapids Dam. Annual averageflows at Priest Rapids Dam over the last

68 years have averagednearly 120,000cubic feet per second (cfs) (McGavock

et al. 1987). Daily average flows range from 36,000 cfs to 250,000cfs.

Monthly mean flows typicallypeak from April through June and are lowest from

Septemberthrough October. As a result of the fluctuationsin discharges

(hydropeaking),the depth of the river varies significantlyover time.

Fluctuationsof greaterthan 5 verticalfeet are not uncommon along the Reach.

The primaryuses of the ColumbiaRiver include the productionof hydro-

electricpower and extensive irrigationof nearby farmland. Several communi-

ties locatedon the Columbia River rely on the river as their source of
drinking water. Water from the Columbia River alon9 the HanfordReach is also

used as a source of drinking water by severalonsite facilitiesand for
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industrialuses. In addition,the Columbia is used extensivelyfor recrea-

tional activitiessuch as fishing,hunting,boating, sailboarding,and

swimming.

The state of Washingtonhas designatedthe Columbia River along this

stretchas Class A, Excellent(WDOE 1982). Water qualitycriteria have been

establishedand water use guidelinesprovided for this class designation. As

such, the water is to be suitablefor essentiallyall uses, includingraw

drinkingwater, recreation,and wildlife habitat.

HANFORDOPERATIONS

The HanfordSite was establishedto design,build, and operate nuclear

reactorsfor the productionof specialnuclear materials. Contributing

factorsin the selectionof Hanford as the site for these operationswere the

remotenessof the region, the lack of large populations,and the presence of

the Columbia River, which could providethe large volumes of cooling water

needed for reactoroperations. Nine productionreactors have operated along

the banks of the Columbia since the Site was established. Eight of these

reactorsused once-through-coolingsystems,which resulted in the release of

heatedwater, corrosion-inhibitingchemicals,and radionuclides,primarily

activationproducts,directly into the river. All eight of the once-through-

coolingsystem reactorswere deactivatedbetweenDecember 1964 and January

1971. The shutdown of these reactorsresulted in a tremendousdecrease in the

amountof radioactivityreleased into the Columbia (Cushinget al. 1981;

Becker 1990). The N Reactor, a productionreactor remainingin operation

through 1988, operatedwith a closed-loopcooling system that resulted in a

significantamount of heat being dischargeddirectly into the Columbia River

but with very little radioactivityassociatedwith it. With the shutdown of

the N Reactor,direct dischargesof contaminantsinto the Columbia River were

virtuallyeliminated.

Direct dischargesto the river are monitored by the operatingcontractor

of the facilityresponsiblefor the discharge. Direct discharges are per-

mitted under the National PollutantDischargeEliminationSystem (NPDES)

process (CleanWater Act 1977). Monthlymonitoring reportsare generated for



each of the direct discharges associatedwith Hanfordoperations. The NPDES

permits addressonly nonradiologicalconstituentspresent in the discharge

waters. Radiologicaldischargesare also monitoredby the operatingcontrac-

tor and must be reported under DOE effluentmonitoring and reportingrequire-

ments (DOE 1987). In addition to monitoringthe discharges,the operating

contractor also performs some limitedenvironmentalmonitoringactivitiesto

confirm the adequacyof effluent control and monitoring systems. Such is the

case at the IO0-N Area, where periodicriverbankspring sampling is conducted

by WestinghouseHanfordCompany to determineand ensure the representativeness

of the existing effluentmonitoringprogram (Rokkan Ig88).

In additionto liquiddischargesto the river, large volumes of waste-

water were generatedand dischargedto the ground as a result of operations at

Hanford. The disposalof this liquid effluent to the ground has impacted

greatly the unconfinedaquifer beneaththe Site. The movement of ground water

and the associatedcontaminantshas changedover time as a result of the var-

iation in both the volumesand compositionof the wastewater. In general, the

predominantflow patternof Hanford groundwater is from the recharge areas in

the west to the discharge areas (primarilythe Columbia River) in the east

(Freshleyand Graham 1988).

GROUND-WATERSURVEILLANCE

The Ground-WaterProtectionand MonitoringProject (GWPMP),operated by

PNL for the DOE, is responsiblefor monitoringthe ground water beneath the

Hanford Site. Monitoring is performedvia a network of samplingwells located

throughoutthe Site. Resultsof the ground-watermonitoring activitiesand

sample results are reported in a series of semi-annualand annual ground-water

monitoring reports (Evans et al. IgSga, IgBgb, 1992). Recently,the ground-

water monitoringand surfaceenvironmentalmonitoring data have been combined

in a single HanfordSite environmentalmonitoring report (Jaquishand Bryce

Iggo). While this program has historicallybeen primarily interestedin

radioactivepollutantsin the ground water, nonradiologicalcontaminantshave

also been monitoredduring the past few years.
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In additionto the routinesite-wideground-watermonitoring project, several

hazardouswaste ground-watermonitoringcomplianceprojects are ongoing in

conjunctionwith the ResourceConservationand RecoveryAct (RCRA)at various

locationsonsite that provide informationrelativeto contaminantconcentra-

tions in the ground water beneaththe Site. Two such projects are currently

being conducted in areas near the river, one in the IO0-H Area and the other

. in the 300 Area. These projectsprovide an extensiveamount of information

relativeto the contaminantspresent in the ground water entering the river

. along these areas (Liikalaet al. 1988; Schallaet al. 1988). In additionto

RCRA investigations,there are several ComprehensiveEnvironmentalResponse,

Compensationand LiabilityAct (CERCLA)remedialinvestigation/feasibility

study activitiesongoing at Hanford,some of which are directly relatedto

contaminantsin the river and the transportof contaminantsthrough the ground

water into the river. These investigationsprovideadditionalinformation

concerningcontaminantsof interestalong the river as well as identifying

those contaminantsthat are currentlyentering the river through the discharge

of contaminatedground water from the Site (DOE 1992).

Monitoringdata have shown severalcontaminantsto be present in the

ground water beneathwaste disposal sites. The data also indicatethat sev-

eral of these contaminantsare mobile in the ground-watersystem and travel at

variousrates throughthe unconfinedaquifer,eventuallyto dischargeto the

ColumbiaRiver. Tritium and nitrate are the primary constituentsused in

determiningthe extent of the contaminatedground water onsite becausethey

are present in easilymeasurablequantities and they move through the ground

water virtuallyunimpeded. Figure 2 shows the distributionof tritium in the

unconfinedaquifer, resultingfrom the 200 Area operations,during the years

1980 through Iggo, illustratingthe migrationof contaminantsaway from waste

disposal areas toward the Columbia River. The extent of the contaminated
L

ground-waterdischarge into the Columbia River has expanded over time,

encompassinga larger portionof the Hanfordshoreline,generally in a

} southerndirection,nearer the routine river water samplinglocation at the
, .

RichlandPumphouse.





Ground-waterdischarges,or springs,were documented along what is now known

as the Hanford Reach long before the startup of Hanford operations (Jenkins

1922). More recently, 115 springsor seepageareas were identifiedduring a

survey of approximately41 miles of Hanford shoreline (McCormackand Carlile

1984). This survey, conductedduring 1982 and 1983, includedall shoreline

areas potentiallyaffected by contaminatedground water beneathHanford, as

- defined by annual ground-watermonitoringdata reports. Unlike earlier

springs,which likely resulted from bank storageand irrigationapplication,

. springs along the river followingthe establishmentof the Hanford Site were

largely influencedby the disposal of large volumes of liquid wastes to the

ground.

These relativelysmall springsflow intermittently,apparentlyinflu-

enced primarilyby the changes in the river level. During periods of high

river stage, the flow of ground water may be temporarilyreversed with river

water infiltratingthe riverbank (Raymondand Brown 1963). This phenomena,

referred to as bank storage, is a key factor in sample collection and data

interpretation. The interfacebetweenthe ground water and the Columbia River

is highly complex and not well defined. Seepage above the river level is con-

sidered to be just a fraction of the total amount of ground water entering the

river along the HanfordReach. The exchangeof contaminantsbetween the

ground water and the river through the river bottom is not well understood.

SURFACE-WATERSURVEILLANCE

The SESP is responsiblefor the routinemonitoring of the Hanford Site

surfacewaters, includingthe ColumbiaRiver and the riverbanksprings enter-

ing the river along the Hanford Reach. Results of environmentalsurveillance

activitieswere reported in quarterlystatus reports from 1946 through 1957.

L Since 1957, resultsof the monitoringprograms have been documented in annual

Hanford Site EnvironmentalReports,the latest of which was issued in 1992

(Woodruffet al. 1992).

Contaminantsare known to enter the river via riverbanksprings along

the Hanford Reach (Dirkes1990; McCormackand Carlile 1984; Rokkan 1988).

Special studiesconductedduring the past 10 years have confirmedthe



dischargeof the contaminated200 Area ground-waterplume into the river and

the expansionof the plume toward the 300 Area, nearer the Richland Pumphouse

Columbia River water sampling location (Dirkes1990; McCormack and Carlile

1984). Radionuclideconcentrationsfound during these special studieswere

indicativeof those observed in ground water near the riverbankspring sam-

pling sites.

The volume of the ground water dischargedto the river along the entire

Hanford Reach has not been quantified. However, estimatesof the ground-water

discharge in specific areas along the Site have been reported. The N Springs,

adjacentto the IO0-N Area, dischargedapproximately14,700,000ft3 during

1987, or an average flowrateover the year of about 0.5 cfs (Rokkan1988).

The contaminatedground-waterdischargeto the river near the Hanford Town-

site, approximately20 miles downstreamof the IO0-N Area, resultingfrom past

waste disposal practicesin the 200 Areas has been estimatedto be approxi-

mately 3.0 cfs (Clineet al. 1985). These two areas have been identifiedas

major dischargezones for contaminatedHanfordground water. Based on these

estimates, the total flow of contaminatedground water into the Columbia River

is apparentlyvery small when compared to the flow of the Columbia River.

Recent annual average river dischargeshave ranged from 100,000 to

140,000cfs. The long-termaverage annual flow at Priest Rapids Dam, based on

68 years of record, is 120,000cfs (McGavocket al. 1987).

The Columbia River has been monitoredat Hanford since 1945, shortly

after the startupof the originalplutoniumproductionreactors. Samples have

been collectedroutinelyfrom severallocationsover the years includingsta-

tions upstream of the Site, along the HanfordReach, and downstreamof the

Site. The primaryemphasis of the Columbia River monitoring programhas been

the evaluationof the potentialradiationdose to those persons living near to

and using the river. Questionsabout how representativeshorelineriver sam-

pling locationswere with respectto the overallriver were addressedvery

early in the monitoringeffort. In additionto the routine sample locations,

cross-sectionalsampling at numerous transectlocationswas conductedduring

the years of peak liquid effluentdischargesto observe the channelingof

reactoreffluent within the river, better understandthe dispersion

10



characteristicsof the river, and accuratelyinterpretdata obtainedfrom

single-pointmonitoring stationslocatedon the river (Soldat1962).

Numerous studies have investigatedthe mixing characteristicsof the

river and the dispersion of contaminantsentering the river along the Hanford

Reach (Backman 1962; Haney 1957; Honstead 1954; Honstead 1957; Honstead et al.

1951; Norton 1957; Sonnichsenet al. 1070). Soldat (1962)publishedthe data
m

relatingto dispersion studiesand measurementsof radioactivitymade on the

Columbia River in the vicinityof the Hanford Site from 1946 throughearly

" 1961. Results of these studieshave indicatedthat contaminantplumes enter-

ing the river along the shorelinetend to remain near the shore for several

miles downstreamof the dischargepoint. Backman (1962)concludedthat efflu-

ents discharged from the 300 Area were nearly completelymixed by the time

they reachedthe Pasco water treatmentpumping station, approximately16 miles

downstream. Contaminantsdischargedin the 300 Areas were not expected to be

completelymixed 5 miles downstreamat the City of Richland water intake

(RichlandPumphouse). Based on the above studies,the contaminantsentering

the river via the 200 Area ground-waterplume near the 300 Area are not likely

to be completelymixed at the Richland Pumphouse,located approximately

6 miles downstreamof the most southerlydischargepoint of the contaminated

200 Area ground water.

Followingthe years of peak plutoniumproduction,the reactors began

shuttingdown and the quantityof radionuclidesdischargedto the river

decreasedsignificantly. The shutdownof the last single-pass-coolingreactor

resulted in the virtual eliminationof major discharges to the river. Con-

sequently,river monitoringactivitieswere greatly streamlinedand cross-

sectionalsurveyswere all but eliminated. With the potentialrisk of any

significantdose to the public from activitiesassociatedwith the river

vastly diminished,the need for extensivemonitoringwas reduced. Emphasis

was placed on obtainingan optimumtype and amount of data for the evaluation

_ of the contributionof Hanford effluentsto the radiationdose received by

personsliving in the vicinityand using ColumbiaRiver water.

Ultimately,only a few fixed sample locationsremained of the Columbia

River monitoringnetwork. The primary locationswere chosen to represent

11



backgroundconditionsupstream of site operations (PriestRapids Dam) and

establishan upper estimate of the amount of radioactivityin the water supply

of any populationusing Columbia River water by sampling at the first downs-

tream point of withdrawal (RichlandPumphouse). Samples of Columbia River

water were also collectedperiodicallyat other locationsin conjunctionwith

specialstudies. These locationscontinue to serve as the primary sampling

locationson the Columbia River for the SESP.

Over the years since the shutdownof the original productionreactors,

radionuclideconcentrationsin the Columbia River have remainedextremely low

and the potentialdose to the public is of little or no consequencewith

respect to health effects or applicablestandards. However, a number of fac-

tors have changed, warrantingfurthercross-sectionalsamplingefforts.

Since the shutdownof the originaleight reactors,the primary source of

radioactivityentering the river has changed from direct effluent discharges

to the seepageof contaminatedground water from beneath the Hanford Site into

the river. Consequently,the location along the Hanford Reach at which the

contaminationis entering the river has changed. With the changes in opera-

tions and pathways to the river, the specificradionuclidesof interest have

changed as weil. Guidelinesfor environmentalsurveillanceat DOE facilities

recommendcross-sectionalsamplingof the river at existingmonitoring sta-

tions whenever a significantchange occurs in either the types or quantities

of radionuclidesbeing released (DOE 1991).

Routine Columbia River monitoringdata during recent years have shown a

general decrease in radionuclideconcentrations(Woodruffet al. 1992).

Figure 3 illustratesthe concentrationsof tritium in Columbia River water at

Priest Rapids Dam and the Richland Pumphouseduring the past 10 years. This

downward trend, evident both upstream and downstreamof Hanford, is not con-

sistent at both locations. The differencesbetween tritiumconcentrations

observed at the Richland Pumphouseand Priest Rapids Dam have been variable,

apparentlyincreasingslightly in recent years (Figure4). This could be a

result of lower river flows during recent years (i.e.,less dilution) or may

reflect a nonuniformdistributionof tritiumacross the river as a result of

the location of ground-waterdischargesrelativeto the sample location.
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Other factors have also contributed to the recent emphasis on Columbia

River monitoring activities. Ground-water modeling activities have come under

increased scrutiny recently, and the adequacy of existing models have been

challenged, primarily with respect to travel times to the river and estimates

of the volume of ground water entering the river (Buske and Josephson 1986;

USGS1987). Public interests and concerns have increased significantly in

response to proposed operations at Hanford. As a result, outside investiga-

tions of the quality of the Columbia River water, the ground water/river

inter-relationship, and the impact from Hanford operations were initiated

(Buske and Josephson 1987), often using data from the existing program in a

manner for which they were not designed or intended.

The existing routine Columbia River monitoring program was not designed

for investigations of this type. Supplemental monitoring activities, perhaps

with different systems and techniques, providing more detailed radionuclide

and/or site-specific data on the river may be required for considerations such

as mass balance calculations and improved ground-water flow model development

and verification (Lettenmaier ]988).

Cross-sectional sampling of the Columbia River at a transect near the

Richland Pumphouseis also warranted to determine the distribution of radio-

nuclides in the river at this location under the present contaminant

conditions. The relationship between the concentrations observed at the

Richland Pumphouseand those in the river itself must be understood to accu-

rately evaluate the impacts of Hanford on the quality of the Columbia River

water and in the assessment of radiation dose potentially received by those

living near and using the Columbia River. In addition, cross-sectional sam-

pling at a transect located at the Richland Pumphousefulfills the require-

ments and recommendations set forth in applicable DOEenvironmental monitoring

guidance (DOE 1991).

14



STUDY DESCRIPTION

OBJECTIVE

The objectiveof this study was to determinethe distributionof radio-

nuclides,primarilytritium,within the river at the routineColumbia River

monitoringstation locatedat the City of Richlanddrinking water intake
J

(RichlandPumphouse). In addition,the investigationwas designed to evaluate

the relationshipbetweenthe averagetritiumconcentrationsin the river and

" those measured in samplescollectedusing the SESP water sampling system

operated at the RichlandPumphouse.

FIELD STUDY

Cross-sectionalsamplingwas conductedat transect locations at or near

the Richland Pumphouseriver monitoringlocationduring the summersof 1987

and 1988. Sampleswere collectedat various stations along the cross section

to determinethe distributionof tritium across the river at this location

(Figure5). Sampleswere also collectedfrom variousdepths to evaluatethe

verticaldistributionof tritiumat stations along the cross sectionduring

one sampling event. Depth and velocitywere measured at each stationto be

used to calculatethe averagetritiumconcentrationin the river. Various

water qualitymeasurementswere performedin the field during each sampling

traverse as weil. In addition,the water level of the river was recorded

periodicallythroughoutthe samplingperiod at the Richland Pumphouse. River

flows, as recorded by the United States GeologicalSurvey (USGS) at Priest

Rapids Dam, were also obtained in conjunctionwith this study.

Simultaneously,sampleswere collectedat the Richland Pumphouse

directly from the routine samplingsystem. These samplesprovide a direct

comparisonof tritium levels measured by the routineSESP water sampling

systemwith those in samplescollectedfrom various points across the river.

In addition,the averagetritium concentrationsin water from the Richland

Pumphousesampling system were comparedwith the averagetritium
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concentrations in the rivers Sampling at the Richland Pumphousealso provided
information relative to the variability in tritium concentrations over time at
a single location.

Quality control sampleswere collected periodically throughout the
study. These included duplicate samplescollected from the river at various

o!

stations as well as from the Richland Pumphousesampling system. This infor-

mation provided a basis for evaluating the analytical variability andwas an

important consideration during the interpretation of the sample results.
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Constituentsof Interest

Several radionuclidesare known to be enteringthe river throughthe

seepageof contaminatedground water, including3H, 9°Sr,BgTc,12BSb,and 1291

(Dirkps1990). Strontium-gOand 125Sb were enteringthe river at the time of

this investigationat the N Springs, approximately40 miles upstreamof the

RichlandPumphouse. Based on past contaminantdispersion studies,contami-

nants releasedat N Springswould be well mixed within the river by the time

they reached Richland (Backman1962; Soldat 1962). Antimony-125was not

" measurable in river water during 1987 or 1988 (Jaquishand Mitchell 1988;

Jaquish and Bryce 1989). Stro_Itium-90,while measurable in river water using

large-volumecamplesand special analyticaltechniques,was at very low con-

centrationsand the levels of 9°Srupstream and downstreamof Hanford were

essentiallythe same (Jaquishand Mitchell 1988). As such, 9°Srand Z2sSbwere

not appropriatechoices in evaluatingthe distributionof radionuclidesin the

ColumbiaRiver zt the Richland Pumphou_.,

Tritium (3H),BgTc,and lZ9Iwere known to be present in the contaminated

ground-waterplume emanatingfrom the 200 Areas. The southernedge of this

plume has been approacr,lingthe 300 Area during recent years as discussed

ea.-l_; (see BACKGROUNDINFORMATION). Technetium-ggwas not analyzed rou-

tinely in river water during 1987 and 1988 (Jaquishand Mitchell 1988) and

thereforewas not suitable for this study. Iodine-129,while measurable in

the river using special sample collectionand analyticaltechniques,and

documentedto be higher at the Richland FumphGJsethan at Priest Rapids Dam

(Jaquishand Bryce 1989; Jaquish and Mitchell 1988), was not consideredfor

this stqdy becauseof the high cost of analysis.

Therefore,tritiumwas selectedas the primaryradionuclideof concern

for the purposesof this investigation. A number of factors played a part in
k

the s_)ectionof 3H as the primarycomponent in this study, including:

. • Tritium is a major constituentin the ground water entering the river
along th_ Hanford Reach as a result of past operations. Tritium is
kno_:nto be a primary constituentin the ground-waterplume nearing the
routineriver sampling location (Evanset al. 1992).

• There is a reporteddifferencein the tritium concentrationsobserved at
Priest RapidsDam and the RichlandPumphouse,indicatinga contri-bution

17
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from Hanford (Jaquish and Bryce 1989; Jaquish and Bryce 1990; Jaquish
and Mitchell 1988; Woodruff et al, 1991; Woodruff et al. 1992).

• Tritium is a major contributor to the offsite dose through the surface-
water pathway (Woodruff et al. 1992).

• Analytical techniques, using special procedures, are sensitive enough to
detect tritium at the levels present in the river, allowing meaningful
comparisons of the data from the river and the routine sampling system.

• The costs associated with tritium analysis are not prohibitive.

• Finally, significantpublic and political interestand concern in the
source, quantity,and impact of tritiumentering the river has been
expressed (Buskeand Josephson 1986; Buske and Josephson 1987; USGS
1987).

Selected sampleswere occasionallyanalyzedfor certain radiologicalcon-

stituentsin additionto tritium. These includedtotal alpha, total beta,

strontium-g0,and isotopicuranium• In addition,pH and conductivitywere

measured in the field at each cross-sectionstation. Results of these

analysesand field measurementsare presentedin Appendix B.

River Flow

In 1987, the cross-sectionalsamplingwas scheduledto be performed

three times during late summer. This time period was selected because it is

generallyassociatedwith relativelylow river flow rates• Low flow rates,

below the recent annual averagedischarges (100,000to 120,000 cfs) were

desiredto minimize the dilutionof the contaminantsin the river and maximize

the contributionfrom Hanfordto the extent possible. Efforts to establish

an upper estimate of the difference (bias) in tritium concentrationsobserved

at the routine samplinglocation and the averageconcentrationsin the river

at this locationwere made in this fashion.

Three samplingtraverseswere also scheduledduring 1988. However, sam- 4

pling was scheduledto coincidewith a wide range of river discharges,a sig-

nificantchange from 1987. Sampleswere scheduledduring periods of high flow

in the spring, under averageriver flow conditionsduring the summer,and dur-

ing low flows typical]yexperiencedin the fall. lt was anticipatedthat this

patternwould provide data for evaluatingthe relationshipbetweentritium
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concentrationsin samples from the routinewater sampling system and the

averageriver concentrationunder varying flow conditions.

Transect Locations

The locationsof the transects,which were at or near the City of

Richlandwater intake (RichlandPumphouse)during 1987 and 1988, are shown in

• Figure 6. During 1987, the transectwas located approximately2000 feet

upstreamof the Richland Pumphousestructure. This locationwas selected to

avoid the island directly east of the routine samplinglocation,allowing a

continuousuninterruptedtraverseof the river. This location is also of

historicalsignificancebecausecross-sectionalsamplingwas conducted at this

point during the years of reactoroperations (Backman1962). Historically,

this site is identifiedas the RichlandFerry Traverse. This location does

not, however, allow for the dispersionof the contaminantsthat would take

place over the remaining2000 feet to the Richland Pumphouse.

The 1987 transect locationwas between two islandswhere the river chan-

nel crossesfrom the east to the west side of the river. This crossing influ-

ences the flow regime and may influencethe dispersionof tritium across the

river. Ideally,cross-sectionalsamplingshould be conductedwhere the flow

channel is relative straight. Consequently,a second transectwas located

directly at the Richland Pumphouseduring the 1988 samplingactivities. Per-

formingthe cross-sectionalsamplingat the location of the routine monitoring

stationreflects actual field conditionsand allows for a direct comparisonof

the results obtained during the study.

Number of Samplinq Traverses

The number of samplingtraversesconductedeach year was limited by the

amount of funding availablefor the study. Costs associatedwith sample col-

lection and, more significantly,sample analysisdeterminedthe number of sam-

ple cross sectionsthat could be performedeach year. Sample collectioncosts

- depended on the number of stationsalong the cross section,the number of

depths sampled at each station,and the number of samples collectedat each

depth. Costs associatedwith the analysis includednot only the number of
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samples, but the sensitivityrequirementsof the study as weil, which mandated

the analyticaltechniqueused. Effortswere made to balancethe variousneeds

throughoutthe study and meet the study objectives. As a result, three sam-

pling traverseswere made during each year.

Number of StationsAlonq the Transect

Guidance is availablerelativeto the number of stations needed along a
i

transectto obtain representativeresults. Accordingto DOE (1991),samples

should be collected from more than one depth and at a minimum of four to six

stationsequidistantacross the stream flow along each traverse. Ideally,

each sample should not representgreaterthan 10% of the total stream flow

(DOE 1991). Standardmethods for the determinationof open channel flow also

specifythat each section (station)represent,at a minimum, no more that 10%

of the total flow and recommendthat no singlemeasurementrepresentmore than

5% of the total flow (ASTM 1988).

Based on this guidance,18 stationswere establishedat approximately

50-meter intervalsacross the cross sectionduring 1987. During 1988, with

the presence of the island at the transect location,10 stationswere estab-

lished within each channel,resulting in a total of 20 stations along the

cross section.

Number of Sample Depths per Station

Past studieshave indicatedthat contaminantsmix verticallyquite

rapidly in the ColumbiaRiver (Backman1962; Haney 1957). lt was anticipated,

based on the past studiesand the proximityof the source to the sample loca-

tion, that the tritiumwould be mixed verticallyat the Richland Pumphouse

sample location. However,determiningthe vertical distributionof tritium in

the water column at the RichlandPumphouseduring this investigationwould

verify this past finding. To this end, sampleswere collected at multiple

depths (0.2, 0.6, and 0.8 times the river depth) at selected stations during

• the first sampling traverseconductedduring 1987. Samples were collected

from a single depth (0.6times the river depth) during the remainingtraverses
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conductedduring 1987 and all of the 1988 sampling. The sample depths were

selectedto coincide with the depths at which the velocitywas to be measured.

Equipment

A wide variety of equipmentwas required to conductthe cross-sectional

sampling. This discussion refers primarilyto the samplingvessel and the

accessoriesthat were used during the course of the study. The instruments

and equipmentused directly in the performanceof field measurementsor the

collectionof the water samplesare described separatelyin appropriate

sectionsof the report.

Samplinq Vessel

The sample vessel used throughoutthe course of this investigationwas

an 18-footMonarch boat equippedwith dual 75-horsepoweroutboardmotors. The

craft was equipped with variousauxiliaryequipmentas shown in Figure 7. The

necessaryequipment includeda bow-mountedelectricwinch for anchor deploy-

ment, a stern-mounteddavit with battery-operatedwinch with steel cable and

wire-linedepressor for verticalpositioningof the samplingand velocity

measurementequipment, and an Aqua Probe fathometerfor depth measurementsand

bathymetricsurveys. Communicationswere facilitatedwith portable line-of-

sight short-waveradios.

Horizontaland Vertical PositionControl

The controlof the horizontal (acrossthe river) and vertical (upriver/

downriver)positioningof the sampling vessel was maintainedthrough the use

of a Topcon GeodeticTotal Station and Leitz ElectronicTotal Station elec-

tronic distancemeter (EDM) in 1987 and 1988, respectively. The EDM was posi-

tioned and operated from the Benton County shorelineat the location of the

transect. The EDM system target was positionedon the sampling vessel to

accuratelymeasure the distance to the sample location.

The distancesto the desiredcross-sectionstationswere calculated at

the time of samplingusing the measured width of the river. Initial placement
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of the vessel at the calculated positions was estimated by the vessel

operator. Distance measurements taken at this position indicated adjustments

as necessary. Once an acceptable horizontal position was established,

vertical positioning was initiated.

Vertical, upriver or downriver, control was established by verbal

direction of the onshore EDHoperator. The vessel was moved several meters

directly upstream of the desired horizontal position and the anchor dropped.

Once stabilized, the vessel was gradually moved downstream on the anchor line

as directed by the EDMoperator. In this manner the vessel was positioned

' directly on the desired transect.

Once positioned,the final sample station locationwas determined and

recorded using the EDM. The final measurementsprovided both the distance

from the EDM to the vessel and the position (angle in degrees) of the craft

above or below the true transect (0 degrees).
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Depth Control

The depth of the river was measured and recordedat each cross-section

station before sampling. Once the depth of the river at the sample location

was determined,the desired sample collectionand/or velocity measurement

depths were calculated. The depth of the sample collectionequipmentand

current meter was controlledusing a meter stick fastened to the davit from
I

which the equipmentwas being loweredusing an electricwinch with steel

cable. The equipmentwas loweredat known incrementsto the desired depth. A

tether line, used in conjunctionwith the wire-linedepressor,was needed in

some cases to ensure the proper positioningof the sample intake and the cur-

rent meter in the water column (Figure7).

Field Measurements

Specific conductanceand pH measurementswere performed in the field at

stationsalong the cross section. These measurementsare performedroutinely

by the sampling personnelas part of ongoingenvironmentalmonitoring programs

using approved procedures (PNL 1989). In additionto these water quality

related measurements,the water depth and currentvelocitywere determined at

each cross-sectionstation using the manufacturers'recommendedoperating

procedures. The methods used in conductingthese field tests are described

briefly below. Resultsof field measurementsand other limitedradionuclide

analysesare included in Appendix B.

DH

The pH of the river water was determinedat each sample location at a

depth equal to 0.6 times the river depth, consistentwith current velocity

measurementsand sample collection. The pH instrumentsused were calibrated

before use each day during the investigationin accordancewith standard envi-

ronmental surveillanceprocedures (PNL Ig8g). Calibrationstandardsused were

in the range typicallyobserved in Columbia River water.

Specific Conductance

The conductivityof the river water was also measured at each station.

Similar to other field measurements,conductivitywas measured on water col-

lected from a depth 0.6 times the river depth. As in the case of pH, the
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instrumentsused to measureconductivitywere calibratedaccordingto estab-

lished proceduresbefore use each day (PNL 1989). Calibrationconsistedof

both internal standards,which served primarilyas a batterycheck, and exter-

nal standard solutions. The standardsolutionsused in the routinecalibra-

tions were in the range typicallyobserved in Columbia River water.

Current Velocity
i

Velocitywas measured using a cup-type vertical-axiscurrentmeter

accordingto standardproceduresfor the measurementof velocity in open

channels (ASTM 1988). Specifically,a Teledyne/GurleyModel 675 currentmeter

with a Model 700 digital flow velocity indicatorwas used during the course of

this investigation.

Current velocitywas measured at multiple depths at each stationalong

the cross section. Figure 8 providesa detailed drawing of the currentmeter

used during this investigation. Past experienceon the Hanford Reach of the

Columbia River upstream of the transect locationhad shown the vertical veloc-

ity profiles to be quite variable, lt was determinedthat velocitymeasure-

ments taken at 10 depths best estimatedthe averagevelocity at the sample

station. During 1987, velocitywas measured at one-tenthdepth intervalsor

at 10 depths at each station. Four velocity readingswere obtained over

15-secondintervalsfrom each depth. The measurementswere then averaged at

each depth to provide verticalvelocity profiles at each station. Vertical

velocitieswere then averagedover the entire water column to determinethe

averagevelocity for each section of the river.

During 1988, followingevaluationof the data obtainedduring the 1987

field activities (see RESULTSAND DISCUSSION),it was determinedthat the two-

point method (2 depths; 0.2 and 0.8 depth below the water surface)was ade-

quate to estimate the average sectionvelocity (ASTM 1988). To minimize exces-
L

sive measurementvariability,eight velocity readings,over timed intervals,

were taken at each of the two depths. Average velocitiesfor each sectionof
v

the river along the transectwere then determinedas describedabove.
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Water Depth

River depth measurementsmade at each sampling station along the cross

section and during bathymetric surveys were made using an Aqua Probe

fathometer. The unit was calibrated using a steel calibration plate lowered

on a graduated chain beneath the fathometer transducer. The calibration plate

was lowered at known intervals over the range of depths to be surveyed. A

• typical calibration fathometer chart is shown in Figure 9.

lOft Calibration_ ..11
lOft • .'

20 ft Calibration/
• I

, _.o_o+ _J "t,_

... L, . .'

41_ '

5_

$92O9O63.4

FIGURE9. Typical Fathometer Calibration Chart
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Bathymetricsurveysof the river at the locationof the transectwere

conductedbefore each days sampling activities. The river was traversedat a

constant velocity,within vessel operatinglimits, along the cross section.

Vertical,upriver/downriver,control was maintainedduring the traverse using

referencepoints on the opposite bank and through radio contact with the EDM

operator located on the shoreline.

The depth of the river was determinedat each cross-sectionstationto

determinethe appropriatedepths for velocitymeasurementsand sample

collection. In additionto the depth measurementsmade at each station along

the transect,water level measurements,providingrelativewater surface

changes,were recordedfrom the Richland Pumphouse. Staff gage readingswere

made at the time that each sample was collectedfrom the Richland Pumphouse.

Such measurementsprovided informationrelative to the water level of the

river (risingor fallinghydrograph)during the course of the cross-sectional

sampling activities.

Sample Collection

A battery-operatedperistalticpump (Figure10) was used to collect the

water samples from the desireddepth and deliver them to the sample container.

The sample inlet depth was controlledby loweringof a wire-linedepressorat

known incrementsas previouslydiscussed. The sample lines were purged for

several minutes before sample collectionto ensure that the water from the

desired depth was being collectedand to avoid potential cross-contamination

of the samples betweendepths and/or cross-sectionstations.

Sampleswere collectedin 125-milliliterbottles in accordancewith

accepted sample handlingprotocols. Each samplewas identifiedby a unique

sample number establishedthrough the SESP database steward. Data received

from the laboratorywas identifiedby this sample number. Sample collection

and chain-of-custodywere documentedon trip sheets or trip logs used rou-

tinely in the routine environmentalsurveillanceprogram. Sampleswere

deliveredto the appropriatelaboratoryas soon as possible followingsample

collection,within sample transport/storagerestrictions.
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Sample Analysis

Trittum was se]ected as the prtmary radtonuc]tde of concern as discussed

earlier tn the report. It was determined that the ana]ytica] method used for

determination of tritium concentrations in routine river water samples was

inadequate for the purposes of this study. The e]ectrolytic enrichment

method, as used on the routine water samples, was not sensitive enough to

determine whether or not significant differences existed between the average

r_ver and Rich]and Pumphouseconcentrations. An electrolytic enrichment pro-

cedure with low-level counting was used during both years of the study to

obtain results that wou]d allow for the desired data eva]uation. Following

preliminary ana]ysis of the 1987 sample resu]ts tt was determined that further

enhancement of the methods was needed. ]mprovements in the precision of the

analytical method used in 1988, which made differences in the concentrations

, observed at the Richland Pumphouseand tn the river along the transect readily

apparent, were specified in the analytical work request.

' Data Analysis

The current velocity measurements madeduring the transect sampling

activities were used in determining the river discharge according to commonly

accepted methods (ASTH 1988). Using this method the river is divided into
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sections for which a discharge is calculated using the velocity as measured

and the area of the section as determined by the river depth and the distance

from the previous station. The total river discharge, or flow, is the sum of

all the sectional discharges for each traverse.

The sample results were plotted with distance from the Benton County

shoreline to determine whether or not a tritium concentration gradient exists

at the Richland Pumphouse. Tritium concentrations in river water along cross

sections and in the Richland Pumphousemonitoring system in concurrent samples

were compared to determine the extent of any differences. The tritium concen-

trations determined for each river section were also used in conjunction with

the sectional discharges to calculate the average tritium concentration in the

river. Ultimately, the average river tritium concentration was compared with

the average tritium concentration observed at the Richland Pumphouseduring

the course of the sampling traverse, providing a measure of the bias in the

routine river monitoring samples resulting from the location of the sample

system intake.

QUALITYCONTROL

All sampleswere collectedand handled accordingto approved sample

collectionprocedures. Adhesive labels,placed on the sample bottles, were

completedin ink and covered with clear plastic tape. Chain-of-custody,which

was maintainedthroughoutthe sample collectionand transportprocess, was

documentedon EnvironmentalSurveillanceTrip Logs, with custodiantransfer

and sign-offupon relinquishingthe samplesto the laboratory. Samples were

deliveredto the laboratory as soon after collectionas practical,well within

recommendedsample storage/transporttime limitationsfor the desired

analyses.
8

Field instrumentswere calibratedor checked againstappropriatestan-

dards accordingto manufacturers'recommendationsand establishedprocedures

before each day of sampling (PNL 1989). Field measurementswere documented

within field records and maintainedin the specialstudy files.

Duplicate sampleswere collectedand submittedthroughout the course of

the study. Duplicatesmade up approximately10% of the total number of
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samplessubmittedfor analysis. Analyticalrequirements,discussedprevi-

ously, were well defined throughthe purchaserequisitionspecifications.

t.aboratoryquality controlrequirements,specifiedin the analyticalorder,

includedweekly backgroundchecks, processblanks, reagentblanks, and weekly

calibrationruns, using samplespreparedand traceableto the National Bureau

of Standards. Duplicatesample resultsare presentedin Appendix C.
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RESULT_AND DISCUSSION

Samplesof ColumbiaRiver water were collectedalong cross sections

establishedat transect locationsnear the RichlandPumphouseand from the

routinewater samplingsystem at the Richland Pumphouseduring 1987 and 1988.

Sampleswere collectedsimultaneouslyfrom the two locationsto allow for

• meaningful comparisons. In addition,sampleswere collectedat various depths

during 1987 to provide informationrelativeto the vertical distributionof

. contaminantconcentrationsin the river at this location.

The cross sectionswere sampledon three separateoccasionseach year.

The cross-sectionalsamplingwas conductedon August 27, August 31, and

September10, 1987. During 1988, samplingwas performedon June 23, August 5,

and September29. Results of field samplingactivitiesare discussed in the

subsequentsections.

RIVER FLOW

Daily averageriver flows observed at Prie i Rapids Dam are provided in

Tables A.I throughA.4, Appendix A, for the tim_ periodsdirectly before,dur-

ing and after the respectivecross-sectionsampling. Table A.I provides the

daily average flows for the time period August 20 through September12, 1987,

which encompassesall three days of samplingperformedduring 1987.

Tables A.2, A.3, and A.4 provide similarflow data for the three cross sec-

tions sampledduring 1988. In each case, the daily averageflows are provided

for the _0 days precedingand 5 days followingthe sample date to providean

indicationof the flow patternsduring the investigation, lt is evident in

these tables that daily averages varied si!jnificantlyfrom day to day, ren-

dering direct comparisonsof river flow with impactsfrom ground-waterseepage

difficultand adding to the complexityof this relationship.

As anticipated,flow rates during the 1987 field activitieswere gener-

ally below the 1987 annual averageflow of 101,000cubic feet per second,cfs

(Figure11). Daily averagedischargesfor August 27, August 31, and

September 10, 1987, were 79,300 cfs, 87,700 c s, and 68,100 cfs, respectively.
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FIGURE11. Daily Average Discharge, Columbia River at Priest Rapids Dam,
August 17, 1987 Through September 15, 1987

The lowest daily average flow recorded during 1987 was 46,000 cfs. The pro-

bable influence of the flow of contaminated ground water into the river on the

contaminant concentrations in the river was therefore increased relative to

average river flow conditions but not as high as it may have been during lower
flows.

During 1988, the daily averageflows during the sampling activities

varied significantlywith respect to the annual average flow of 100,000 cfs

(Figure12). The dischargeduring June is typicallythe highest during the

year as a result of the spring run-off. The daily average flow was 127,000

cfs on June 23, 1988, the day of the first samplingtraverse conductedduring

1988. The second traverse was conducted on August 5, 1988, with a daily aver-

age flow of 93,400 cfs, similar to the annual average flow. The final sam-

pling traverse, September 29, 1988, was conducted under lower flow conditions,

79,600 cfs. While these flows do not represent the minimum, average, and

maximumobserved during the year (42,000, 100,000, and 160,000 cfs, respec-

tively), they do represent flow conditions above, near, and below the annual

average during 1988.

,*.,,nual average flows for the years 1980 through 1990 are provided in

Table A.5, Appendix A. Note that the annual averages during 1987 and 1988
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FIGURE 12. Daily Average Discharge,Columbia River at Priest Rapids Dam,
June 1988 ThroughOctober 1988

35



were lower than those generally recorded. The long-term annual average

discharge, based on 68 years of record, is reported to be approximately

120,000 cfs, well above those seen during the years of this investigation

(McGavock et al. 1987). As a result, the impacts observed during this

investigation may be elevated when compared to those that would be evident

during a more normal water year. That is, in an "average"year the river

flows are higher,thereby increasingthe dilutioncapacity and reducing the

impactof the relativelyconsistentground-waterflows into the river. This

would be influenced,however,by the range of flows during the year and the

amount of time the flows were actually above or below the average. Further

study of this influencemay be warranted;however, an evaluationof this

magnitudeis outside the scope of this investigation.

BATHYMETRICSURVEYS

Bathymetricsurveyswere conductedbefore the collectionof instream

data and samples on each transect samplingexcursion. The fathometer chart

recorded the depth profileduring each traverse of the cross-sectionline.

Figure 13 portrays the depth profile at the 1987 transect location,approxi-

mately 2000 feet upstreamof the Richland Pumphouse. This profile illustrates

the primary channels in the river at this location. Also apparent in this

figure are the downstreamtip of the upper island (nearerthe Benton County

shoreline)and the upstreamtip of the lower island. The maximdm depth

observed along this cross sectionduring any one of the 1987 traverseswas

23 feet. The minimum depth was 1.5 feet, observedwhile crossing the down-

stream tip of the upper island. The water level, as recorded from the

Richland Pumphousestaff gage, varied by less than I foot during all of the

samplingtraverses. The water level dropped o.g foot and 0.7 foot during the

August 27 and September10 traverses,respectively. The water level was rela-

tively stable during the August 31 sampling activities,rising only 0.1 foot.
b

The de_th profilealong the transect establishedduring 1988 was more

representativeof a typical stream,with the exceptionof the presence of the

island. The depth profile is shown in Figure 14, indicatingthe position of

the island with respectto the river channels on either side. The maximum
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depth observed along this cross sectionwas approximately24 feet. The water

level during the June 23, 1988, traverse varied by less than 0.1 foot in

either directionover the course of the sampling activities. On August 5,

1988, the water level dropped0.5 foot during the samplingtraverse. Simi-

larly, the river dropped 0.5 foot over the durationof the sampling activities

performedon September29, 1988. Consistentwith river flows, the water level

at the Richland Pumphousewas highestduring the June 23, 1988, sampling and

lowest during the September2g, 1988, traverse.

CURRENTVELOCITY

Velocitiesmeasured during the 1987 traversesindicatedthe swiftest

. portionsof the river to be parallelingthe easternshorelineand in the

channel crossing from the east-to-westside betweenthe islands,with the

maximum velocitiesbeing observed in this channel. As is typical in most

river systems,the lowest velocitieswere observed near the shorelines. The
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influence of the tsland tips was readtly apparent while making velocity meas-

urements along the transect. Velocities near the downstream tip of the upper

island decreased significantly, indicating a separation zone, while the upper

end of the lower tsland split the flow into two obvious channels.

Table A.6, Appendix A, provides the verttcal current veloctty measure-

ments obtained on August 27, 1987. As expected, the highest velocities at

each station were found to be near the water surface. Vertically averaged

velocities for the water column at each cross-section station are provided in

Tables A.7, A.8, and A.9 for the sampling traverses conducted during 1987. An

evaluation of the verttcal veloctty profiles, comparing the lO-point velocity

calculation method with the Z-point method, indicates the Z-potnt method to be

adequate in the determination of the vertically averaged velocities. All

average velocities calculated using the Z-point method were within 5% of those

calculated with the 10-point method, with an average variation of Z%. As a
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result,velocity measurementswere limited to two depths during the 1988

sampling traverses. Verticallyaveraged velocitiesfor each stationduring

the 1988 traversesare shown in Tables A.IO, A.11, and A.12.

_RITIUMCONCENTRATIONS

Water sampleswere collectedalong a cross sectionlocated at the old

Richland Ferry Landing,just upstream of the Richland Pumphouse,on August 27,

August 31, and September10, 1987, as previouslydescribed. During 1988,

water sampleswere collectedon June 23, August S, and September29 at a

transect locateddirectly at the RichlandPumphouse. Water sampleswere

collectedat multiple depths at some stationsalong the cross sectionduring

the August 27, 1987, samplingtraverse. Sampleswere collectedfrom the river

monitoringsystem locatedat the RichlandPumphouseconcurrentlywith

predeterminedcross sectionalsamples during each of the sampling traverses.

In 1987, sampleswere collectedfrom the routine system concurrentlyat 50% of

the cross-sectionstations. ConcurrentRichland Pumphousesampleswere col-

lected for each cross-sectionstationduring 1988. Duplicate sampleswere

collectedat the cross-sectionstationsand from the routine sampling system

in some cases during each traverse as well to fulfill quality assuranceneeds.

Tritium concentrationsobtainedduring this investigationare reported

in Tables A.13 through A.19, Appendix A. Data are included for those samples

collectedalong the cross sections;samplescollectedat depth at various

cross-sectionstationsduring the August 27, 1987, traverse;and samples col-

lected from the Richland Pumphouse. Samplescollectedconcurrentlyat the

Richland Pumphouseusing the routinemonitoring system are listed adjacent to

the cross-sectionsamplewith which they are associated. Resultsof quality

control samples are presentedwith the associatedrecord sample result in

, Appendix C.

Figure 15 presentsthe tritiumconcentrationsobserved during each of

the 1987 cross sections. Apparent in these figures is the relativelylarge

uncertainty,approximately30%, associatedwith each of the results• The

variabilityin the tritiumconcentrationsand the uncertaintiesassociated
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with the individualresultsmake it difficultto draw any meaningful conclu-

sions relative to the distributionof tritium across the river. The variabil-

ity observedmay be a result of the analyticalmethod used or may be associ-

ated with spatial and temporalvariationin the tritiumconcentrationsin the

river water. Tritium concentrationsfluctuatedwidely during the August 27,

1987, cross section,with no apparentgradient present. Tritium concentra-

• tions appear to decline slightlyproceedingacross the river from west to east

during the August 31 cross section,althoughthe tritiumconcentrationslevel

• off after the first approximatelyfew hundredyards of the cross section. The

results of the September 10, 1987, traversewere similarto those observed

during the August 27, 1987, sampling: highly variable tritium concentrations

across the river with no readily apparentgradient.

Figure 16 illustratesthe relationshipbetweenthe samplescollected

concurrentlyalong the cross sectionand the RichlandPumphouse. The tritium

concentrationsin river water collectedfrom the routine sampling system were

consistentlyhigher than those collectedconcurrentlyalong the cross section.

However, the uncertaintiesassociatedwith the individualresultsgenerally

overlapped. Statisticalanalysisof the differences,not taking into account

the uncertaintiesassociatedwith the results, indicatethat the tritium con-

centrationsat the Richland Pumphousewere significantlydifferent (paired

sample comparison,t test of differences,5% significancelevel) than those

measuredalong the sampling traverseduring the August 31 and September 10,

1987, cross sections (Snedecorand Cochran 1980). The difference observed

during the cross-sectionalsamplingconductedon August 27, 1987, was not

statisticallysignificantat the 5% significancelevel, most likely because of

the high degree of variabilityin the tritiummeasurementsacross the river.

Several stationswere identifiedduring the August 27, 1987, traverse

' from which water sampleswere collectedfrom multipledepths. At these sta-

tions, sampleswere collectedfrom depths 0.2, 0.6, and 0.8 times the river

" depth, measured down from the water surface. Figure 17 displays the sample

resultsobtained during this effort. There is no consistentapparent rela-

tionshipbetween tritium concentrationsand depth. The insensitivityof the

analyticalmethod used in 1987 precludesconclusivediscussion relative to the
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verticaldistributionof tritiumIn the ColumbiaRiverat the Richland

Pumphouse.The uncertaintiesassociatedwith the sampleresultsoverlapin

all casesas is evidentIn the figure. In addition,the cross-sectionsample

resultsindicatethatthe influenceof theground-watercontaminantsentering

the riverare limitedto near-shoresamples(Figures14 and 17),within

approximately300 yards. Only one of the stationssampledat multipledepths

fallswithinthisregionof the river. Furtherstudyof the verticaldistri-

butionof tritiumwithinthe zoneof influenceof the groundwatermay be

warranted.However,the low tritiumconcentrationspresentat any station

withinthe riverat the RichlandPumphouseminimizesthe benefitof further

' study.

The 1988cross-sectiontritiumconcentrationsare displayedin Fig-

ure 18. Improvementsin the sensitivityof the analyticalmethodreducedthe

uncertaintiesassociatedwith each sampleresultand allowedformeaningful

interpretationsof the data. Tritiumconcentrationsacrossthe riverremained
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relativelyconstantduring the June 23, Ig88 (high flow) sampling traverse.

Similarly,with the exceptionof the near-shoresample,tritiumconcentrations

were stable during near-averageflow conditions (AugustS, 1988). The data

clearly indicatea concentrationgradient proceedingacross the river from the

west bank to the east bank under low flow (September29, 1988) conditions.

The elevated tritium concentrationsappear to remainwithin approximately

" 300 yards of the shoreline,consistentwith past shorelinedischargedis-

persion studies and the findings of the 1987 saddlingactivities. Tritium

- concentrationsat stations furtherfrom the shoreline(greaterthan 300 yards)

approachtypical background (upstream)concentrations.

The relationshipbetweentritiumconcentrationsin river water collected

along the cross section and samplescollectedusing the routinemonitoring

system at the Richland Pumphouseis evident in Figure 19. As expected,the

differencesare most evidentand greatestduring the sampling conductedunder

near average and low river flow conditions. Resultsof samplescollecteddur-

ing high river dischargeconditionsindicatea relative flat concentration

profile across the river and less differencebetween samplescollected along

the cross section and those collectedfrom the routinemonitoring system.

Statisticalanalysis of the differences,not taking into accountthe uncer-

tainties associatedwith the results, indicatethat the tritiumconcentrations

at the RichlandPumphousewere significantlydifferent (5% significancelevel)

than those measured along the sampling traverseduring all three 1988 cross

sections.

AveraaeTritium Concentrations

The average tritiumconcentrationsin Columbia River water as measured

along a cross section and using the routinemonitoring systemduring 1987 and

1988 are reported in Table A.20, AppendixA, and shown in Figure 20. The

average tritiumconcentrationsmeasured using the routinemonitoring system

were consistentlyhigher than the averageriver tritiumconcentrationsmeas-

ured along the cross section. The difference in the averageswas determined

to be statisticallysignificantat the 5% significancelevel. Based on this
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study,samplingresultsobtainedusingthe routinemonitoringsystemover-

estimatethe averagetritiumconcentrationsin ColumbiaRiverwaterat the

Richland Pumphouse.

Attemptswere madeto estimatethe biasassociatedwith the data

obtainedusingthe routinerivermonitoringstationlocatedat the Richland

P_mphouse.The abilityto definethe relationshipbetweenthe tritiumcon-

centrationsat the RichlandPumphouseand riverdischargewas limitedbecause

of the relativelysmallnumberof samplingtraverses.Figure21 plotsthe

bias,expressedas percent,againstthe dailyaverageriverflow for the

respectivesamplingdates. The biasrangedfrom4_ to 161%with an averageof

• approximately62%. Whilethereis a definiteindicationthatthe bias

decreaseswith increasingdischarge,thereis no distinctand consistentrela-

- tionshipbetweendischargeand biasevidentwith the limiteddata available•

In one instancethe sampleresultsobtainedduringsimilardischarges,87,700

and 93,000cfs, indicatedthe bias to be in good agreement,58% and 56%,

respectively.Dailyaverageflowsimmediatelybeforebothof thesesampling
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events were relatively constant (Ftgures 10 and II, Tables A.1 and A.4).

However, in another case, comparing data collected durtng stmilar discharges,

79,300 and 79,600 cfs, revealed a range tn bias of 24% to 161%, respectively.

The 24% bias, which ts lower than expected based on the other data, may be a

result of much htgher flow, 101,500 cfs, the day before sampling (Figure 10,

Table A.1). The relationship between the contaminant concentrations in the

river and river discharge, which is evident in this study, is dynamic and

highly variable. Clearly, the interaction between the Hanford Site ground

water, and the associated contaminants, and the Columbia River is complex and
will require further study..

In recent years, routtne monitoring data have been used to calculate

potential doses to the publlc in those cases where there ts a measurable

d'fference in the radionuclide concentrations upstream and downstream of the

Site (Woodruff et al. 1992). Dose estimates, based on contaminant concen-

trations in the river at the Richland Pumphouse,provide an upper estimate of

the potential dose received by any memberof the public living near and using
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the Columbia River. Dose estimatescalculated in this manner accurately

reflect the potentialdose receivedthrough the drinking water pathway by

those using the city of Richlanddrinkingwater.
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CONCLUSIONS

Tritium concentrationsin the Columbia River,which are well below

drinking water standards,are significantlygreater at the routineriver

monitoring stationlocated at the Richland Pumphouse,downstreamof the

Hanford Site, than upstream at Priest Rapids Dam. The concentrationsof

• tritium have been decreasingduring recent years at both monitoring locations.

Interestingly,the differencebetweenconcentrationsobserved at Priest Rapids

• Dam and the Richland Pumphousehas been increasingover the past few years.

Tritium is known to have entered the river along the Hanford Reach as

direct effluent discharges;worldwidefalloutfrom nuclear weaponstesting,

which have been virtuallyeliminatedduring recentyears; and the seepageof

ground water contaminatedas a result of past operationsat Hanford. The

seepage of contaminatedground water has continued,expanding over time and

encompassinga larger portionof the Hanfordshorelinenearer the Richland

Pumphouseriver monitoringlocation.

Samplingwas conductedalong cross sectionslocated at or near the

Richland Pumphousemonitoring stationto determinethe distributionof tritium

across the river and evaluate the relationshipbetween average tritiumconcen-

trations in the river and in the routineriver sampling system. Under certain

river flow conditions,tritiumconcentrationswere highest near the Benton

County shoreline,Hanford side, of the river,decreasingwith distance across

the river. Tritium concentrationsin samplescollected from the routinemoni-

toring system at the Richland Pumphousewere consistentlyelevatedwhen com-

pared with averageriver concentrationsas determinedthrough cross-sectional

sampling. As expected,impactswere greatestduring low river flow

conditions.

Understandingthe representativenessof the data is imperativein accu-

rately characterizingthe river environmentand evaluatingpotential impacts

attributableto Hanford operations. This study confirms that samplingat the

Richland Pumphouse,the nearestpoint of water withdrawal for a public drink-

ing water supply downstreamof Hanford, provides an upper estimate of the

potentialdose received by the public throughthis pathway. The results also
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verify the conservativenature of impact assessmentsbased on the river moni-

toring data, which tend to overestimateaverage river radionuclideconcentra-

tions a_ a result of the proximityof the contaminantsource with the sampling

location.
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TABLE A.I. Daily Average ColumbiaRiver Flows,
August 17, 1987 ThroughSeptember 15, 1987

Date Flow, cfs

August 17 74,200

18 81,000

19 78,900

20 96,300

21 99,500

• 22 69,900

23 60,800

24 95,000

25 96,600

26 101,500

27 79,300 (Sample Traverse)

28 96,200

29 80,500

30 79,600

31 87,700 (SampleTraverse)

September I 89,500

2 91,300

3 105,000

4 82,500

5 52,000

6 47,500

7 64,300

8 82,100

9 78,900

• _ 10 68,100 (SampleTraverse)

11 92,800

12 100,000a

13 64,400

14 101,000

15 89,500
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TABLE A.?. Daily Average ColumbiaRiver Flows,
June 13, 1988 Through June 28, 1988

Date Flow, cfs

June 13 106,000

14 98,600

15 110,000

16 123,000

17 119,000

18 108,000

19 62,300

20 94,900

21 119,000

22 123,000

23 127,000 (SampleTraverse)

24 132,000

25 125,000

26 72,000

27 95,000

28 94,300
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TABLE A.3. Daily AverageColumbia River Flows,
July 26, 1988 Through August 10, 1988

Date Flow, cfs

July 26 86,300

27 76,800

28 64,100

29 69,600

30 6],700

• 31 49,500

August 1 78,300

2 77,900

3 80,600

4 86,000

5 93,400 (SampleTraverse)

6 79,500

7 49,600

8 85,300

9 92,200

10 85,800
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TABLE A.4. Daily AverageColumbia River Flows,
September19, 1988 Through October 4, 1988

Date Flow, cfs

September19 87,600

20 102,000

21 g8,700

22 88,600

23 75,800

24 102,000

25 65,200

26 82,000

27 92,800

28 80,600

29 79,600 (SampleTraverse)

30 75,400

October I 55,100

2 48,800

3 81,200

4 88,100
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TABLEA.,5. Annual Average Columbia River Flows, 1980-1990

Date Flow, cfs

1980 103,000

1981 132,000

1982 140,000

. 1983 131,000

1984 112,000

1985 107,000

1986 108,000

1987 101,000

1988 100,000

1989 99,400

1990 137,000

A.5
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TABLE A.7. VerticallyAveraged Velocity for Each Richland
Ferry LandingTransect Station,August 27, 1987

Station VerticallyAveraged
Number Velocity, ft/s

I BC Shoreline

2 0.66

3 0.64

4 0.59

5 0.46

6 0.33

7 0.58

8 0.55

9 0.59

10 0.54

11 0.48

12 0.49

13 0.48

14 0.47

15 0.43

16 0.39

17 FC Shoreline

A.7



TABLE A.8. VerticallyAveragedVelocity for Each Richland
Ferry LandingTransect Station,August 31, 1987

Station VerticallyAveraged
Number Velocity,ft/s

I BC Shoreline

2 0.55

3 0.54

4 0.48

5 0.37

6 0.36

7 0.59

8 0.61

9 0.61

I0 0.57

11 0.54

12 0.56

13 0.57

14 0.59

15 0.55

16 0.54

17 0.47

18 FC Shoreline
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TABLE A.9. VerticallyAveragedVelocity for Each Richland
Ferry LandingTransect Station,September 10, 1987

Station VerticallyAveraged
Number Velocity,ft/s

I BC Shoreline

2 0.51

- 3 0.53

4 0.45

• 5 0.35

6 0.27

7 0.46

8 0.52

9 0.49

10 0.45

11 0.40

12 0.42

13 0.42

14 0.41

15 0.40

16 0.37

17 0.32

18 FC Shoreline

A.9



T_ABLE_A.IO.VerticallyAveragedVelocity for Each Richland
PumphouseTransectStation, June 23, 1988

Station VerticallyAveraged
Number Velocity,ft/s

ECl 0.58

EC2 0.81

EC3 0.66

EC4 0.86

EC5 0.94

EC6 0.94

ECT 0.94

EC8 0.84

EC9 0.60

ECIO 0.30

WCl 0.28

WC2 0.57

WC3 0.89

WC4 I.O6

WC5 0.92

WC6 0.84

WC7 0.89

WC8 0.85

WC9 0.66

WCIO 0.33

A.IO



TABLE A.11. VerticallyAveraged Velocity for Each Richland
PumphouseTransect Station,August 5, 1988

Station VerticallyAveraged
Number VelocitY,ft/s

ECl 0.42

EC2 0.63 _

" EC3 0.62

EC4 0.81

• EC5 0.79

EC6 0.81

ECT 0.69

EC8 0.59

EC9 0.44

ECIO 0.25

WCI 0.18

WC2 0.38

WC3 0.59

WC4 0.71

WC5 O.68

WC6 0.53

WC7 0.55

WCB 0.55

WC9 0.44

WCIO 0.22
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TABLE A.12. VerticallyAveraged Velocity for Each Richland
PumphouseTransect Station, September29, 1988

Station VerticallyAveraged
Number Velocity,ft/s

ECt 0.47

EC2 0.59

EC3 0.61

EC4 0.65

EC5 0.65

EC6 0.68

EC/ 0.64

EC8 0.58

EC9 0.33

ECIO 0.23

WC1 0.16

WC2 0.25

WC3 0.56

WC4 0.59

WC5 0.53

WC6 0.50

WC7 0.50

WC8 0.48

WC9 0.40

WCIO 0.10

A.12



_. Tritium ConcentrationsAlong Richland Ferry Landing Cross
Section and at the RichlandPumphouse,August 27, 1987

Cross Section .. Richland Pumphouse
_Sample "Concentration- sample Concentration
Number .....pCi/L Number _ pCi/L

1 102 + 32 RP I 109 _+32(a)

• 2 go + 32

3 109 +_32 RP 2 144 + 38

• 4 51 + 38

5 go + 32 RP 3 64 + 32

6 61 + 38

7 93 + 32 RP 4 93 + 32

8 54 + 32

9 58 + 38 RP 5 90 _+32

10 80 + 32

11 61 + 38 RP 6 80 _+32

12 54 + 32

13 83 + 32 RP 7 go + 32

14 70 _+32

15 51 + 32 RP 8 83 + 32

16 109 +_38

17 51 + 32 RP 9 118 + 32

(a) Samples collectedconcurrentlywith corresponding
cross section sample.
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TABLE A.14. Tritium Concentrationsat VariousDepths at Selected
StationsAlong the Richland Ferry LandingCross

Section,August 27, 1987

Concentration,pCi/L
Station _ 0.2 depth '().6depth. '..0.8 depth

2 70 + 32 90 + 32 42 +_32

3 64 + 32 109 + 32 67 _+32 •

4 93 + 32 51 + 38 74 + 32

8 61 + 32 54 + 32 54 _+32m t

9 74 + 32 58 + 38 58 _+38

15 80 _+32 51 _+32 86 + 32

16 77 +_32 109 _+38 70 + 38

A.14



TABLE A.15. TritiumConcentrationsAlong Richland Ferry LandingCross
Section and at the Richland Pumphouse,August 31, 1987

Cross Section Richland Pumphouse

Sample Concentration, Sample Concentration,
Number pCi/L Number pCi/L ....

- I 182 + 32

2 134 + 32

" 3 109 + 32 RP I 154 +_38(a)

4 112 + 32

5 122 + 32 RP 2 134 + 32

6 125 + 38

7 83 + 32 RP 3 182 + 32

8 99 + 32

9 102 + 38 RP 4 144 + 32

10 61 + 38

11 102 + 32 RP 5 154 + 38

12 74 + 38

13 99 + 38 RP 6 170 + 38

14 96 + 32

15 115 + 32 RP 7 182 _+38

16 96 _+32

17 118 _+32 RP 8 170 _+38

18 83 + 32 RP 9 186 +_38

(a) Indicates samples were collected concurrently.
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TABLE A.16. Tritium ConcentrationsAlong Richland Ferry LandingCross
Section and at the Richland Pumphouse,September10, 1987

Cross Section Richland Pumphouse

Sample Concentration, Sample Concentration,
Number pCi/L _ Number pCi/L

1 115 + 38

2 122 + 38

3 83 + 38 RP 1 147 + 38 (a)m

4 131 + 38

S 83 + 32 RP 2 163 + 38

6 102 + 38

7 90 _+32 RP 3 125 + 32

8 42 + 32

9 77 _+38 RP 4 138 + 321

10 80 + 38

11 67 + 38 RP 5 138 + 38

12 67 + 67

13 61 + 38

14 109 _+38 RP 6 125 + 32m

15 38 + 38 RP 7 141 + 32

16 77 + 32

17 64 + 32

18 102 _+38 RP 8 99 + 38
J

,,,

(a) Indicates samples were collected concurrently.
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TABLE A,,L7. Tritium ConcentrationsAlong RichlandPumphouseCross
Sectionand at the Richland Pumphouse,June 23, 1988

Cross Section RichlandPumphouse
Sampi'e Concentration, Sample Concentration,
Number ...pCi/L Number . pCi/L

EC ] 68 + 7 RP I 72 + 7

. EC 2 64 + 7 RP 2 69 + 7

EC 3 64 + 7 RP 3 70 + 7

EC 4 66 + 7 RP 4 64 + 7 _.u

EC 5 63 + 7 RP 5 84 + 7

EC 6 67 + 8 RP 6 83 + 7

EC 7 63 + 7 RP 7 72_+ 7

EC 8 63 + 7 RP 8 59 +_7

EC 9 67 + 7 RP 9 79 + 7

EC 10 65 + 7 RP 10 76 + 8

WC1 65 + 6 RP 11 69 + 7

WC2 54 + 7 RP 12 73 + 7

WC3 74 + 7 RP 13 73 + 7

WC 4 77 + 7 RP 14 81 _+7

WC 5 70_+ 7 RP 15 64 + 7

WC6 67 + 7 RP 16 61 + 7
WC7 75 + 7 RP 17 62 + 7

WC 8 52 + 7 RP 18 69 + 7

WC 9 68 + 8 RP 19 69 + 7

WC 10 67 + 7 RP 20 70 + 7

A.17



TABLE A.18. Tritium ConcentrationsAlong RichlandPumphouseCross
Section and at the Richland Pumphouse,August 5, 1988

• Cross Section Richland Pumphouse
Sample Concentration, Sample Concentration,
Number __ pCi/L Number pCi/L

EC I 73 + 7 RP I 120 + 8

EC 2 76 + 7 RP 2 107 + 7

EC 3 68 + 7 RP 3 111 + 8D

EC 4 73 + 7 RP 4 113 + 7

EC 5 74 + 7 RP 5 117 + 8m

EC 6 68 + 7 RP 6 115 + 7m

EC 7 75 + 7 RP 7 112 ± 8

EC 8 70 + 7 RP 8 113_+ 8
EC 9 79 + 7 RP 9 106 + 8

EC 10 77 +_7 RP 10 108 + 7
WC1 74 + 8 .RP11 104 + 8

WC 2 02 +_7 RP 12 107 + 8

WC 3 67 + 7 RP 13 109 + 8

WC 4 64 _+7 RP 14 107 + 8

WC 5 62 + 7 RP 15 106 + 8

AC 6 55 + 7 RP 16 106 + 8

WC 7 65 + 7 RP 17 g9 + 7

WC 8 63 + 7 RP 18 104 + 8

WC 9 65 + 8 RP 19 107 + 8

WC 10 85 + 7 RP 20 100 + 7

A.18
_

_ '.



TABLE A.19. Tritium ConcentrationsAlong Richland PumphouseCross
Sectionand at the RichlandPumphouse,September29, 1988

Cross Section RichlandPumphouse
Sample Concentration, Sample Concentration,
Number pCi/L Number . pCi/L

EC I 65 + 7 RP I 188 + 8

• EC 2 66 + 7 RP 2 196 + 8

EC 3 57 + 7 RP 3 186 + 8

EC 4 64 + 7 RP 4 187 + 8

EC 5 69 + 7 RP 5 198 + 9

EC 6 69 + 7 RP 6 180 + 8

EC 7 64 + 7 RP 7 175 + 7

EC 8 70 + 7 RP 8 192 _+8

EC 9 67 + 7 RP 9 183 + 8

EC 10 60 + 7 RP 10 172 + 7

WC I 61 + 8 RP 11 170 + ,8

WC 2 61 _+7 RP 12 174 + 8

WC 3 61 + 7 RP 13 163 + 8m

WC 4 60 + 7 RP 14 170 + 8

WC 5 60 + 7 RP 15 161 _+8

WC 6 65 + 7 RP 16 163 + 8m

WC 7 69 + 7 RP 17 ._.70+ 8

WC 8 84 + 7 RP 18 167 + 8

WC 9 95 + 8 RP 19 154 + 8

WC I0 147_+ 7 RP 20 154_+ 8

A.19



TABLE A.20. AverageTritium ConcentrationsMeasured Along
Cross Sections near the RichlandPumphouse and
with the Richland PumphouseMonitoringSystem

.AverageTritiumConcentrations,pCi/L
Date Cross Section Richland Pumphouse

August 27, 1987 78 97

August 31, 1987 104 164 •

September 10, 1987 79 135

June 23, 1988 68 71

August 5, 1988 70 109

September29, 1988 67 175

A.20
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APPENDIX B

ADDITIONALANALYSES

• In additionto the analysesdescribedwithin the text of this report,

selectedsampleswere analyzed for radionuclidesother than tritium. These

. includedtotal alpha, total beta, strontium-90,and isotopicuranium. In

addition,pH and specificconductancewere measured in the field at each

stationduring the cross-sectionalsampling. Resultsof these analyses are

presentedin Tables B.I, B.2, and B.3.

B.I



TABLE B.]. Comparisonof SelectedRadionulcideConcentrationsat
Cross Section Stations and the Richland Pumphouse

Concentration,pCi/L
Constituent Date Cross Section Richland Pumphouse

Alpha 9-29-88 0.87 +_0.49 0.80 + 0 48

0.56 + 0.39 -0.06 + 0 20I i

0.33 + 0,37 0.59 + 0 41i I

0.70 + 0.49 0.11 + 0 30 "i m

0.23 + 0.30 0.14 + 0 34

Beta 9-29-88 1.2 + 1.1 0.8 + 1 1i m

I

1.4 + 1.1 1.6 + 1 2

0.5 + 1.0 0.7 + 1 0

2.4 + 1.3 1.8 + 1 2

1.3 + 1.2 1.8 + 1 2

90Sr 6-23-88 0.19 + 0.36 0.11 + 0 33

-0.19 + 0.31 0.09 + 0.32u

0.13 + 0.34 -0.12 + 0.31i i

-0.24 . 0.36 0.26 + 0.36! I

-0.23 + 0.37 0.20 + 0.33

9-29-88 0.11 + 0.23 0.13 + 0.25

0.02 + 0.23 -0.03 + 0.23

-0.24 + 0.24 0.08 + 0.24

-0.03 + 0.22 -0.10 + 0.23

0.13 + 0.27 -0.27 + 0.19

234U 6-23-88 0.23 + 0.05 0.16 + 0.05I u

0.19 + 0.05 0.15 + 0.04

0.19 + 0.04 0.18 + 0.04i I

0.19 + 0.05 0.16 + 0.04i I

0.18 + 0.05 0.17 + 0.05

9-29-88 0.22 + 0.05 0.19 + 0.05! i

0.17 • 0.04 0.20 + 0.05I I

0.17 + 0.04 0.15 + 0.04

0.18 + 0.04 0.18 + 0.05I I

0.18 + 0.04 0.19 + 0.05m I

238U 6-23-88 0.16 + 0.04 0.13 + 0.04i !
a

0.13 + 0.04 0.12 + 0.03I i

0.14 + 0.04 0.13 + 0.04i !

0.15 + 0.04 0.16 + 0.04 '

0.14 + 0.04 0.15 + 0.04

9-29-88 0.19 + 0.05 0.16 + 0.04

0.11 + 0.03 0.14 + 0,04

0.11 + 0.03 0.15 + 0.04

0.14 + 0.04 0.14 + 0.04

B.2



TABLE B.2. Richland Ferry LandingCross SectionpH and Conductivity,1987

Station Au_lust27, 1987 August 31, 1987 September1987
Number . pH Conductivity pH Conductivity....pH Conductivity

1 BC (a) Shoreline BC Shoreline BC Shoreline

2 7.8 119 8.3 131 (b) 137m

3 8.2 112 8.1 119 129m

4 8.1 104 8.0 116 118

5 7.9 100 7.9 106 126

6 7.9 98 7.7 103 129

7 7.5 99 7.6 100 128

8 7.5 100 7.5 98 129

9 7.5 100 7.6 102 128m

10 7.6 100 7.6 99 128n

11 7.6 98 7.5 99 128

12 7.6 100 7.5 99 128

13 7.7 104 7.5 98 130

14 7.7 107 7.6 97 128

15 7.7 106 7.6 102 128

16 7.8 119 7.6 108 130

17 Shoreline 7.7 114 149

18 8.0 155 192

(a) Benton County.
(b) pH meter malfunction.

B.3
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TABLE B.3. Richland PumphouseCross SectionpH and Conductivity,1988

Station June 23, 1988 August 5, 1988 September29, 1988.
Number ....pH Conductivity _ Conductivity pH cond'uctivity

EC 1(a) 8.3 122 7.6 130 7.8 161

EC 2 8.2 103 7.7 108 7.9 140

EC 3 8.1 95 7.5 97 7.9 132

EC 4 8.1 91 7.4 94 7.9 128

EC 5 8.0 88 7.6 94 7.9 128

EC 6 8.0 86 7.6 94 7.9 127

EC 7 8.0 87 7.8 99 7.9 127

EC 8 8.0 89 7.8 99 7.9 127

EC 9 8.2 91 8.1 99 7.9 127

EC 10 8.2 92 (b) 112 8.0 126

WC I 8.2 91 139 8.1 126m

WC 2 8.3 94 137 8.0 125

WC 3 8.2 96 134 7.9 125

WC 4 8.4 97 130 7.9 125

WC 5 8.4 98 127 7.9 124

WC 6 8.5 98 136 8.0 124

WC 7 8.3 90 143 8.0 123

WC 8 8.3 88 145 8.0 123

WC 9 8.3 89 145 8.0 123

WC 10 8.5 90 147 8.4 127

(a) EC = East Channel beginningat FranklinCounty Shoreline.
WC = West Channel ending at Benton County Shoreline.

(b) Instrumentfailure.

B.4
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APPENDIX C

QUALITY CONTROL/DUPLICATESAMPLE RESULTS

. Resultsof duplicatesamples,collectedfor quality control purposes

during each cross-sectionsamplingactivity,are presented in Table C.I.

• Agreementduring both years was very good, well within the range of variabil-

ity expected for analysisof tritium at environmentallevels. FiguresC.I

through C.6 graphicallyillustratethe comparabilityof the duplicate sample

results. Evident in both the data table and figures is the enhanced sensitiv-

ity in the analyticalmethod used during 1988 as opposed to that used in 1987.

This reductionin the uncertaintyassociatedwith each sample result allowed

for more meaningfulcomparisonsand a more accurateassessmentof the distri-

bution of tritium in Columbia River water at the Richland Pumphouse.
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TABLE C.I. Quality Control: DuplicateSample Results

Sample Tritium Concentration,pCi/L
Date Number Record Duplic_ate

08/27/87 RP 04A 93 + 32 45 + 32

A 05.6 90 _.+32 77 + 32

A 10.6 80 +_32 64 + 32

A 15.6 51 +_32 64 + 32

08/31/87 B 04.6 112 + 32 102 + 32

B 16.6 96 + 32 96 _+38

RP 05B 154 + 38 173 + 38

09/10/87 C 02.6 122 + 38 106 +_38

C 08.6 42 + 32 74 + 32

C 15.6 38 +_38 70 + 38

RP 05C 138 + 38 166 + 38

06/23/88 EC 07A 63 + 7 59 + 7

WC 02A 54 _+7 60 + 7

WC OgA 68 + 8 73 + 8

RP 04A 64 + 7 66 + 7

RP 15A 64 +_7 64 + 7

08/05/88 EC OSB 74 _+7 68 + 7

WC03B 67 _+7 64 + 7

WC08B 63 _+7 66 + 7

RP 05B 117 _+8 113 + 7

RP 18B 104 + 8 I01 + 8

09/29/88 EC 06B 69 _+7 69 + 7

WC 06C 65 + 7 67 + 7

WC09C 95 +_7 lO0 + 7

RP 06C 180 _+8 192 + 8
(-

RP 16C 163 _+_ 163 + 8

C.2



150

S Record Sample

& QC Duplicate125 -

.d loo -

75i -
(Jqb

._ 50 -

¢ 25 -

0 .... I ,,. I I I

4 5 10 15

Sample
$92o9063.26

FIGURE C._. DuplicateSample TritiumAnalysis,August 27, 1987

220 .......

oo_ tt
180- & QCDuplicate

160 -

it tt
120 -

100 -

i 80 -

(3 60-

40-

20-

0 I I I

4 16 5

Sample '
$9209063.27

-,,

FIGURE C.2. DuplicateSample TritiumAnalysis,August 31, 1987

C.3



220

200 - • RecordSample

, ouo,o,.tt
160 -

140 -

._ 120 -

tt tt
8o-
60

,t

40-

20-

0 I I , I
2 8 15 5

Sample
sg2o9o6328

FIGUREC.3_..Duplicate SampleTritium Analysis, September 10, 1987

100 , III

• RecordSample

& QC Duplicate

60 -

"E
e 40 -

20-

O- , I I I I | ,..

7 2 9 4 15

Sample c
s_aoeee3_

FIGURE_.4. Duplicate SampleTritium Analysis, June 23, 1988

C.4



160 ......

• Record Sample

140 - & QC Duplicate

.o.
" _ 60-

40-

20-

0 I I , I i I

EC 5 WC 3 WC 8 RP 5 RP 18

Sample

FIGUREC.5. DuplicateSampleTritiumAnalysis,August5, 1988

200 .....

180- • Record Sample _ '_

160- & QC Duplicate _,i_

si 14o-
o=1=_0-

• 80 -0

40 -

20 -

0 I I I I I

EC WC WC RP RP

Sample

, s1_09063.31

FIGUREC.6. DuplicateSampleTritiumAnalysis,September29, 1988

C.5



PNL-8531
UC-603

DISTRIBUTION

No. of No. of

Copies Copies

OFFSITE 48 PacificNorthwest Laboratory

2 DOE/Officeof Scientificand E.J. Antonio
Technical Information R.W. Bryce

T. A. Cooper
J. Erickson R.L. Dirkes (25)
WashingtonState Department S.L. Friant
of Health R.H. Gray

" Division of Radiation R.W. Hanf, Jr.
Protection P.M. Irving

Airdustrial Center R.E. Jaquish
Building 5, M.S. C-13 R.E. Lundgren
Olympia, WA 98503 E.W. Lusty

T. M. Poston
ONSITE W.H. Walters

H. E. Westerdahl
3 DOE Richland Field Office R.K. Woodruff

PublishingCoordination
R. F. Brich SESP Historical Files/
E. D. Goller R.K. Woodruff (2)
M. W. Tierman TechnicalReport Files (5)

8 WestinqhouseHanfordCompany Routing

L. P. Diediker R.M. Ecker
J. J. Dorian M.J. Graham
E. M. Greager C.J. Hostetler
L. C. Hulstrom R.L. Skaggs
J. W. Schmidt C.S. Sloane
S. E. Vukelich P.C. Hays (last)
S. G. Weiss
Public ReadingRoom

Distr.1



r

'w




