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INTRODUCTION

The SusquehannaSteamElectricStation(SusquehannaSES) isa nuclear

power stationwithtwo boilingwaterreactorsthathavea totalgenerating

capacityof 2,100megawatts.The stationislocatedalongtheSusquehanna

RiverinnortheasternPennsylvania(Figure1). Commercialproductionof

electricityattheUnit1 reactorbeganon 8 June1983 and atUnit2 on

12 February1985. The PennsylvaniaPower and LightCompany (PP&L) owns 90%

of theSusquehannaSES and theAlleghenyElectricCooperative,Inc.retains

titleto 10%.

Waterfrom theSusquehannaRiverisusedto cooltheSusquehannaSES in

an essentiallyclosedcircuitcoolingsystem. When bothreactorsare

generatingat 100% capacity,approximately38,000gallons/minuteof river

waterisusedto replaceabout30,000gallons/minutethatislostto the

atmosphereby evaporationfrom two naturaldraftcoolingtowers.The

remaining8,000gallons/minuteof coolingtowerblowdownisdischargedback

intotheSusquehannaRiverthrougha diffuserpipelocatedon theriver

bottomabout200 feetfromthewestbank. The diffuserisconstructedfroma

42-inchdiameterpipethatis115 feetlong. Blowdownwaterisreleasedinto

theriverthrougha seriesof 72 portswhichare4 inchesindiameter.These

portsarespacedatIS-inchintervalsalongtheupperedgeof thedownriver

sideof thediffuser.Over thepast15 years,recordsattheSusquehannaSES

BiologicalLaboratoryshow thatriverflowhasvariedfrom about900 to

250,000cubicfeet/second,and thatambientrivertemperaturehasrangedfrom

32.0to 86.0F.

.An earlierenvironmentalreport,writtenbeforeconstructionof tne

SusquehannaSES, theorizedthata sizablethermalplumewouldbe createdby
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thisblowdownwaterbeforeitreachedambientriverwatertemperaturebelow

thediffuser(PP&L 1972).Initialtemperaturemeasurementsatthediffuser,

afterbothunitsof theSusquehannaSES becameoperational,revealedthatthe

thermalplumewas much smallerthanoriginallyanticipated.The edgeof the

plume (0.5F isotherm)rarelyextendedmore than300 feetdownriverfrom the

diffuser,and thisoccurredonlyduringconditionsof low riverflow. More

commonly,theplume edgewas foundwithin150 feetof thediffuserand often

itwas locatedwithin25 feetduringaveragetohighriverflows.Therefore,

a formalstudyof thethermalplumewas neverconductedbecauseitwas so

limitedinsize.

In 1985, a reviewof the ecologicalmonitoringprogramsforthe

SusquehannaSES was conductedby DrexelUniversity(Allenetale 1986).

Duringthisreview,thewatertemperatureof theriverbelowthedischarge

diffuserwas discussedatlength.As a result,itwas recommendedthat

Iraspecialstudybe made to determineby measurementexactlywhat the

temperaturechangein theriveris,even ifitismeasurableonlywithin

inchesof thediffuser."Inordertofulfillthisrecommendation,a studyof

thethermalplumewas beguninNovember1986,withtheobjectiveof defining

itssize.

METHODS

Threethermalplumestudieswere conductedatthedischargediffuserof

theSusquehannaSESe Autumn,winter,and springstudieswere done on 5

November1986,9 January1987,and 14 May 1987,respectively.Allstudies

wereconductedwhen bothreactorswereatleast85% operational.
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Temperatureswere measuredwith a HydrolabFT-3M Marine Thermometer

(thermistor)whichwas calibratedimmediatelybeforeeachstudywitha NBS

traceablethermometer.Alltemperaturesweremeasuredto thenearest0.5F.

The temperatureof theblowdownwas measuredinbothcoolingtowerbasins

priorto the autumn and winterstudies.In thespringstudy,blowdown

temperaturewas measuredatthedischargeby a scubadiverwho insertedthe

thermistorprobeintoseveraldiffuserports.

A plane-tablemappingtechniquewas used to draw a profileof the

thermalplume ineachstudy.The planetable,withdrawingpaperattached,

was positionedalongthewestriverbankabout150 feetdownstreamfrom the

diffuser.Itwas orientedwithvariousprominentstructures,suchas power

polesand theintakebuilding,usinga WattsMicropticAlidade.The alidade

was usedto sighta stadiarodheldatvariouspointsalongtheshoreline.

Anglesand distancesto thesepointsweremeasuredand a basemap of the

shorelineand studyareawas drawnata scaleof 1 inch= 40 feet.

Two crewsinboats,eachequippedwitha thermistor,measuredambient

rivertemperatureand locatedthediffuser.One of theboatswas anchored

about100 feetupriverfrom thediffuser,and theambienttemperaturewas

measuredfromsurfacetobottomatone-footintervals.From shore,theboat

was sightedwiththealidade(stadiarodmountedon theboat)and its

locationwas markedon thebasemap. In themeantime,theotherboatwas

drivento one of two float-ropesthata scubadiverhad previouslyattached

to eitherend of thediffuser.By pullingthefloat-ropeverytightly,it

was possibleto situatetheboatdirectlyabovetheend of thediffuser.

Thislocationwas sightedfrom shorewiththealidadeandmarkedon themap.
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The otherend of thediffuserwas markedinthesame manner. The diffuserwas

thendrawnon themap by connectingthesetwo pointswitha line.

Bothcrewsthenproceededtomeasurethetemperatureof theplume. In

eachstudy,verticaltemperatureserieswere determinedatfrom 20 to 27

sitesthroughouttheprobablelocationof theplume downriverfrom the

diffuser.The boatswere anchoredateachsiteand thethermistorwas used

tomeasuretemperaturesatone-footintervalsfrom surfacetobottom.Air

temperatureswerealsorecorded.Allsiteswerenumberedand locatedon the

basemap usingthealidade.Upon completionof temperaturemeasurements

withinthe plume area,ambienttemperaturewas determinedagainat the

originallocation.Thiswas done to determineifa changehad occurred

duringthetimeperiodinwhichtheplume temperatureswere recorded.When

ambientchanged,plumetemperatureswere adjustedaccordingly.

Ineachstudy,theedgeof theplume (0.5F isothermaboveambientriver

temperature)was drawnon thebasemap by interpolatingitslocationamong

theverticalseriesof temperaturemeasurementsateachsite.Bothplanar

and three-dimensionaldrawingsweremade of theplume.

RESULTS

Autumn Study

The autumnthermalplume studywas conductedon 5 November 1986. On

thisdate,theriverlevelwas stableat 487.8feetabovemean sealevel

(msl)whichisequivalentto a flowof 4,840cubicfeet/second(2,173,000

gal/min).The watertemperatureof thecoolingtowerblowdown(approximately

8,000gal/min)was 62.0F. The weatherwas partlycloudywitha light

breeze.
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The locationof eachverticaltemperaturedeterminationforambient

rivertemperatureand forthe20 siteswithinthevicinityof theplume,are

shownrelativetothediffuserinFigure2. The ambienttemperaturewas

47.0F and temperaturesatthesitesrangedfrom 47.0to 47.5F (Table1).

Airtemperaturedecreasedfrom 36.5to34.5F throughoutthe71-minutestudy.

The limitsof thethermalplume arepresentedinFigure3. The plume

was within5 feetof thediffuseralongtheinnerhalfofthepipe.However,

itextendeddownriverabout130 feetalongtheouterhalfof thediffuser.

Thisportionof theplume remainednearthebottomuntilabout75 feet

downriverwhen itbegantobillowtowardthesurface.

WinterStudy

The winterplume studywas done on 9 January1987 when theriverlevel

was 489.0feetabovemsl. Thislevelisequalto a flowof 9,250cubic

feet/second(4,152,000gal/min).The approximately8,000gallons/minuteof

coolingtowerblowdownwas 61.0F. The weatherwas partlycloudyand calm.

Determinationsof ambientrivertemperatureand thetemperaturesatthe

21 plumesitesareshown relativeto thediffuserinFigure4. The ambient

rivertemperaturewas 33.5F and temperatureswithinthevicinityof the

plumerangedfrom 33.5to 34.0F (Table2). Airtemperaturedecreasedfrom

39.0to35.5F duringtheI-hourand 53-minutestudy.

The thermalplume remainedwithin10 feetof thediffuseralongthe

innerhalfof thepipe,and thenextendeddownriverabout25 feetalongthe

outerhalf(Figure5). Ittendedto billowupward,butitwas alwaysless

than10 feetbelowthesurface.
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SpringStudy

The springthermalplumestudywas conductedon 14 May 1987. The river

levelon thisdatewas stableat 487.9feetabovemsl. This levelis

equivalentto a riverflow of 5,120cubicfeet/secondor 2,298,000

gallons/minute.The watertemperatureof the coolingtowerblowdown

(approximately8,000gal/min)was 75.0F. The weatherwas cloudyduringthe

first30 minutesof thestudyand sunnythroughouttheremainder.

The locationsof eachtemperatureseriesrecordedforambientriver

temperatureand fortemperaturesatthe27 sitesneartheplume areshown

relativeto thediffuserinFigure6. Ambientrivertemperatureincreased

from65.5to66.0F when thesunlightwarmed theriverthroughouttheI-hour

and 40-minutestudy(Table3). This naturalwarming of the river

necessitatedtheadjustmentof thetemperaturesatthelast16 sitesby

subtracting0.5F from eachmeasurement(Table3). Temperatureswithinthe

plumerangedfrom65.5to 66.5F.

The extentof thethermalplume ispresentedinFigure7. Most of the

plume was locateddownriverfrom theouterhalfof thediffuserwhereit

extendedabout80 feetinlength.The plume tendedto billowupward,but

neverreachedcloserthan7 feetof thesurface.

DISCUSSION

The thermalplumesinallthreestudieswere relativelysmall.This

findinginitselfisparticularlyinterestingbecausethetemperatureof the

coolingtowerblowdownwas 15.0,27.5,and 9.5degreesF aboveambientriver

temperatureinautumn,winter,and spring,respectively.In spiteof these
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sizabledeltatIs,noneof theplume temperaturedeterminationswere greater

than 1 degreeF aboveambient,and most of therecordingswere only0.5

degreeF aboveambient.At some pointintheriver,withina few inchesof

thediffuserports,thetemperatureof theblowdownwaterwas reducedto

within1 degreeF or lessof ambient.The resultsof thesestudiesdidnot

detecttheexactlocationof thisgradient;however,evenifitwas found,it

would be of onlyminorinterestenvironmentally.The farmore important

findingisthat,duringthesestudies,thediffuserof theSusquehannaSES

quicklymixed thermally-enrichedwaterfrom thecoolingtowerblowdownwith

riverwaterso thatimpacttotheSusquehannaRiverwas negligible.

The sizeof theplume seemedto be more a functionof riverflowthan

thedifferenceintemperaturebetweenblowdownand ambientwhen resultsof

theautumnandwinterstudieswereevaluated.Of allthestudies,plumesize

was largestinautumnwhen riverflowwas lowestand thedeltatwas15.0F.

In thewinterstudy,thedeltat was nearlytwiceas large(27.5F),butthe

plumewas severalfoldsmallerina river-flowconditionabouttwiceas great

as thatmeasuredin theautumnstudy.Resultsof thespringstudywere

intermediate.

Allthreestudieswere conductedatriverflowsnearthelow end (9,250

cubicfeet/secondor 262 cubicmeters/second)of the rangeof flows

documentedforthisportionof theSusquehannaRiveroveran 8-yearperiod

(Figure8). Itisdoubtfulthata plumeof any consequencewouldbe detected

atriverflowsgreaterthanthoseevaluatedduringthewinterstudy.In the

future,however,itmay be of some valueto conducta fourththermalplume

studyatlow riverflowinthesummer. When thisstudyiscompleted,the
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thermalplumewillhavebeenprofiledonceineachof thefourseasonsfora

more completeevaluation.
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Locationof theSusquehannaSteamElectricStationdischargeinthe
SusquehannaRiver.
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487,8FT ABOVE MSL

Limitsof a thermalplume (0.5F aboveambientwatertemperature)inthe
SusquehannaRivercausedby thereleaseof coolingtowerblowdownfrom the
dischargediffuserof theSusquehannaSteamElectricStation,SNovember1986.

(A = planarview,B = three-dimensionalview)
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Figure5

Limitsof a thermalplume (0.5F aboveambientwatertemperature)inthe
SusquehannaRivercausedby thereleaseof coolingtowerblowdownfromthe
dischargediffuserof theSusquehannaSteamElectricStation,9 January1987.
(A = planarview,B = three-dimensionalview)
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