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BEFORE ~ A~BOARD OFF~E~OCT-8 2004

STATE OF ILLJNOIS
IN THE MATTER OF: ) POllUtiOn Control Board

)
REVISIONS TO RADIUM WATER )
QUALITY STANDARDS: PROPOSED ) R04-21
NEW 35 ILL. ADMIN. CODE 302.307 ) Rulemaking —Water
AND AMENDMENTS TO 35 ILL. ADMIN. )
CODE 302.207AND 302.525 )

SUPPLEMENTAL TESTIMONY OF THEODORE G. ADAMS
ON BEHALF OF WATER REMEDIATION TECHNOLOGY, LLC

I, TheodoreG. Adams,Presidentof T. G. Adamsand Associates,Inc., hereby
respectfullysubmit supplementaltestimony to addressquestionsraisedby the Illinois
Pollution ControlBoard(the“Board”) andthe Illinois EnvironmentalProtectionAgency
(the “IEPA” or the “Agency”) during the prior hearing in this matter held on
August11,2004.

I previously submitted testimony to the Board. Certain areas of my prior
testimony were the subject of questioning, and the purposeof this supplemental
testimonyis to addressany ambiguitiesfor therecord.

I. WHAT WOULD BE A SAFE LEVEL OF RADIUM IN GENERAL USE
WATERSOF ILLINOIS?
(August 11, 2004Hearing Transcript at pp. 62-63.)

The existing standardof 1 pCi/L for Radium 226 generallyis recognizedas a
backgroundcondition in surfacewatersof Illinois.1 Given that radiumis a recognized
carcinogen,anda degradationproductof uraniumand thorium, it is not surprisingthat
theBoard setsucha level. By doingso, anyvariationsfrom thatstandardwould require
careful consideration.From the analysesI haveperformed,it appearsthat anyincrease
over the existing standardcould result in an excessiveradium exposure. Clearly, the
Biota-DoseAssessmentCommitteeapproachwouldnot allow for a generalincreaseover
thesebackgroundlevels without a careful datacollection and site by site analysisand
justification.

But the effect of the Agency’s proposal is to eliminate ANY water quality
standardfor this carcinogenfrom most Illinois waters. AttachmentA heretois a map
compiledfrom theAgency’sexhibits 1 and2; thepublic water supplywells with known

1 JacquelineMichel, Predictingthe Occurrenceof 228Ra in GroundWater,HealthPhysicsVol. 51,No. 6
(December),pp. 715-721(1986).
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radiumlevels over 5 pCi/L areshownin red, andthe downstreamreceivingwatersare
shownin yellow. Clearly, the effectoftheproposalis to wipe out anyradiumlimits for
Illinois waters,eventhosereceivinglevelsover background.

The Biota-DoseAssessmentCommittee(“BDAC”) approachdemonstratesthat
adverseeffects from radiumin watersmay occur at levelsslightly abovebackground.
UsingtheBDAC approach,I havecalculatedthat beginningatlevels in therangeof 1.4
to 1.88 pCi/L for Radium 226, the water quality would exceedthe generalbiota dose
limit.. AttachmentB to my supplementaltestimonyis asummaryof the approachused,
and the calculationsI have performed. Theseshow that evenif there is no radium
contaminationin the sediment, the generalbiota dose limits would be exceededat
1.88 pCi/L of Radium 226, in the presenceof 1.88 pCi/L of Radium 228. Using the
combinedradiumlimit approachput forth by the Agency for drinking waterstandards,
thesafelimit couldbe 3.75pCi/L. (~AttachmentB atp. 2.) But if sedimentlevelsare
12.2 pCi/g (asdocumentedby the Floridastudiesin AttachmentD), thenthe safe level
would fall to 1.4 pCi/L for each. Clearly, thereis very little roomto relaxthe existing
water quality standardwithout further dataand analysis. And clearly, the expected
effluent of 5 - 10 pCi/L, from severalofthe examplePOTWscontainedin C. Williams
TestimonyTable 5, would fail the BDAC criteria. (S~AttachmentB, cases3 through
6.)

I believethat the approachtakenby theBDAC merits considerableweight. The
Departmentof Energy (“DOE”) is responsiblefor managingand controlling, at its
facilities, a largeportionof the country’s radioactivematerials,subjectto oversightby
EPA, the NuclearRegulatoryCommission(“NRC”) and the states,and has devoted
substantialresourcesto protectingtheenvironmentfrom radiation. TheBDAC approach
is basedon the DOE order to its contractors,which hasbeenrecognizedby EPA and
other states, an important criteria for avoiding impact to human health and the
environment. (See attachmentC.) If the Board wantsto havewaterquality standards
that protectaquaticlife and the environment,it would appearthat the existing standard
maybeappropriate.

Moreover, new information arisingout of sampling and investigationsdonein
Florida, includingdatajust publishedin Augustof this year,would indicatethat radium
levels in the very range that meet the BDAC biota doselimit may adverselyaffect
mussels,includingmusselssuchasthoselisted asendangeredor threatenedin Illinois.
AttachmentD heretois a letter from oneoftheFloridaresearcherswho hasevaluatedthe
bio-concentrationin sedimentsand musselsfrom various lakes in Florida. Theselakes
mustbereplenishedby pumpinggroundwater,which hasradiumat the levels I consider
background i.e., 1-2 pCi/L. The recentlypublisheddatashow that the musselsin
theselakesbio-accumulateradiumto levelsat200 pCi/g.

Illinois hasmanyendangeredmusselswhich inhabit the watersthreatenedto be
de-regulatedby the proposedrule. AttachmentE heretoaremapstakenfrom theIDNR
websiteshowingriver basinswheretheseendangeredspeciesmaybe found. I do not
know if thereis a relationshipbetweenthe “background”radium andtheseendangered
species,but clearlythe effectofthis proposedrulehasnotbeenadequatelyconsidered.
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In conclusion,radium can causeadverseeffects on aquatic life and riparian
animals. It is a carcinogento humans. And it bio-accumulatesin musselsandup the
aquatic food chain. Though the current standardmay be virtually the same as
“background,”I wouldurgethatacompellingcaseis requiredbeforerelaxingthegeneral
waterquality standardfor suchamaterial.

II. ARE THERE OTHER SOURCESOF RADIUM DISCHARGING?

Theexplicit assumptionmadeby theIEPAwasthat an exceedanceoftheexisting
standardwould occurONLY asa result ofthe presenceof elevatedradiumin drinking
wateror thetreatmentof drinkingwater. I wouldnote that thegoal oftheEPA drinking
waterstandardis zero;the 5 pCi/L reflectsa risk of 1 in 10,000. But left unaddressedin
thisproceedingis thequestion,“who elsecouldbea source?”

My prior testimonyshowedthatradiumis adegradationor breakdownproductof
othernuclearradioactivematerials. Theseincludethorium anduranium. But thereis no
evidencepresentedin this proceedingof who or wherethosepotentialor actualsources
are,whetherindustrial,commercialor municipal. It seemslikely that otherdischargesof
radiumexist.

At leastone of the participatingfacilities in the AMSA study was a publicly
ownedtreatmentworks (“POTW”) in the northeasternIllinois area. This POTWis in an
areathathasahigh concentrationofradiumin groundwaterwithdrawals. Becauseofthe
confidentialitytermsin theAMSA andISCORSstudy, I amnot at liberty to divulge the
nameof theplant. But I cantestify that, given the groundwaterlevelsknownto exist in
that locale, the sludgelevelsreportedfor that POTW are consistentwith the predicted
sludgelevelsandworkerexposurelevelspresentedin my priortestimony.

This observationled me to seekinformationaboutotherdocumenteddischargers
of radium. Time did not permit areview of radiumdischargersin Illinois. But wedid
find thatat leastone nuclearpowerplant reportedradiumdischargelevelsexceedingthe
currentstandard. For the LaSalleplant, Radium 226 wasreportedfor two outfalls at2.6
pCi/L, and total radium valueswere 4.1 and 9.0 pCi/L. In a coupleof instances,it
appearedthatthe amountofradiumincreasedacrossspecificwastewaterprocesses.(S~
AttachmentI.)

The recordin this proceedingdoesnot identify othersourcesbesidemunicipal
drinkingwatertreatmentplantsmightbe thebeneficiaryof this de-regulation.Theremay
be others. Indeed,evenamongthegroupthat was identifiedasneedingregulatoryrelief
— communitiesthat needto treat their groundwatersupply to meet the new drinking
water standard— some already have decided that they do not needto flush their
treatmentwater filtrate down the sewerand still can save hundredsof thousandsof
dollars.
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III. ARE THERE OTHER IMPACTS ON PUBLICLY OWNED TREATMENT
WORKS BEYOND THOSE IN AGENCY EXHIBIT 11?

The JEPA suggestsin its Exhibit 11 that the POTWswill benefit by avoiding
certaincostsif this proposedrule wereadopted.But thereareother coststhatwill result
from the adoption of the proposedrule. Theoverall costs appearactuallyto be much
greaterwhenoneconsidersall the implicationsoftheAgency’sproposal.

The IEPA hasnot providedthis proceedingwith evidenceconcerningtestingor
monitoring of anysewagesludgelevels for radium. Yet, the economicand operational
impactsof radiologicallycontaminatedinfluent/sludgeon POTWsarewell documented.
For example, in Cleveland, Ohio, Advanced Medical Systems, a NRC licensee,
dischargedminuteamountsofnon-solubleradioactiveparticlesofCo-60overaperiodof
20 years into the sewersystem. Theseminute radioactiveparticlescontaminatedthe
POTW andtheresulting sludge. The aggregateradioactivitydisposedof into the sewer
system over the 20-year period was less than 0.5 Curie (i.e., 0.445 Curie).
(SeeAttachmentF.) Nevertheless,theNEORSDincurredmorethan $2 million in clean-
up costswhentheseelevatedradiationlevelswere discoveredby chance. An enormous
amountof radioactivecontaminatedmaterialwhichoccurredasaresultof a“miniscule”
amount of radioactivity is still presentat the NEORSD. Co-60 has a half-life of
approximatelyfive to six years,and Co-60 doesnot produceradonas aby-product. In
contrast,Ra226hasa half-life of 1600 years,anddoesproduceradonasaby-product.

In comparison,a moderately-sizedcity with elevatedradiumlevelsmay exceed
this quantity in its sludge. I have completeda calculationfor the amount of radium
contaminationfound in sewersludgefrom theCity of Joliet’ssewersystemfor aperiod
of oneyear. Theamountofradiumcontaminationfoundin Joliet’s sewersludgeover the
courseofjust a singleyearwas 0.29399Curie. (SeeAttachmentG, page12 of Agency
Exhibit 12.) The amountof radiumcontaminationfoundin Joliet’s sewersludgeovera
periodofoneyearwasmorethanhalftheamountofradioactivecontamination(for a 20-
yearperiod) foundin thesewersystemin Cleveland,Ohio. Thus,overa similar20-year
period, the Joliet POTWswould appearto generatemore than 10 times the quantityof
radiationthat causedsubstantialinjury to thesewersystemin Cleveland,Ohio. And the
Radium226 will takelongerto degradethanwould the Cobalt.

On the other hand, if the radium-ladenresiduals(j~, Technically Enhanced
NaturallyOccurringRadioactiveMaterial (“TENORM”)) aredisposedof into thesewer,
thenthepublicwatersystems,thePOTWs,andtheStateof Illinois canexpectto havethe
following increasedcosts:

• Theuncontrolleddischargeofradiumresidualswouldlcouldbe aliability
issueto municipalities/POTWs(ascitedin Cleveland,Ohio);

• POTWworkerswill requiretraining, personnelexposuremonitoringand
medicalmonitoringasoccupationalradiationworkers;

• Sewersludgeandhandlingareaswill requireon-goingtesting;
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• ThePOTWmaybe requiredto obtainaradioactivematerialslicense;

• Application of sewer sludge to farm land will require on-going
monitoring;and

• Sewer pipes and the POTW itself (or parts thereof) may require

decontamination.

ThesecostsarethepracticalresultoftheAgency’sproposal.

There is anotherenvironmentalcost of the proposal.. The Agency expectsthat
watertreatmentplantswill flush filtrate materialsdown thesewer. This activity requires
the pumping of additional groundwaterto carry out the backflushingoperation. The
amountof groundwatermaybe on the orderof 5 to 25 percentof the quantityof water
being pumpedfor humanconsumption. Areas already relying on deep aquifers for
potablewater supply are in the sameareaswherethe groundwaterresourceis being
depleted. As an example,althoughJoliet wasalreadyextractingthe largestquantityof
well waterfrom deepaquifersin 1995, therecontinuesto be a furtherdrawdownin the
groundwaterlevel by over 25 feet. This is amongthe largestdrawdownssince1995 in
the northeasternIllinois area. ($~“A Comparisonof PotentiometricSurfacesfor the
Cambrian-OrdovicianAquifers of NortheasternIllinois”, 1995 and 2000, Table 2 and
Figure 9 attachedheretoas AttachmentH.) For Joliet, backflushingwould therefore
increasethe groundwaterdrawdownby 0.5 to 2.5 million gallonsper day. Moreover,
KaneCountyshowsthe largestgrowthin deepwell pumpingof anycountyin the area.
j~at Table 1. This is not surprisingin light of its growth. At the sametime, Kane
Countycommunitieshavesomeof thehighestradiumlevelsin groundwater. Thus, the
amount of water containingelevatedlevels of radiumbeing extractedfrom the deep
aquifersseemslikely to continueto increase.Allowing the useofbackflushingin these
areas,would only increasethedemandon thedeepaquiferresources.And thedischarge
to surfacewaterswill carryincreasedamountsof radium.

IV. CONCLUSION

Theexistingstandardrepresentsbackgroundconditions. Interestingly,theBDAC
approach,requiredof all DOE facilities, would require site specific dataand further
analysis on any waterquality condition over this generalbackgroundlevel. There is
clearlyno basisto removeradiumasa generalwaterqualitycriterionwithoutmoredata..

Removingthe radium standard,without first imposing a control on storm and
sewerdischargesof radiumcomparableto thoserequiredof facilities regulatedby the
IEMA allows TENORM radium to be backwasheddown sewers. This not only re-
introducesa carcinogenbackinto the environment,it potentiallyexposesPOTWworkers
to radiumlevelsabovethat allowedevenfor workersin anuclearplant. And it resultsin
radium being applied to crop soils as part of the municipal sludge. From an
environmentalview point, all radiumTENORM, especiallyradioactivesolids,shouldnot
bepermitteddownsewers,regardlessif oneis a licenseeof IEMA ornot.
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Distribution Area Cumberlandia monodonfa

Status: Endangered (state), Federal candidate (Category 2)
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ATTACHMENT B TO SUPPLEMENTAL TESTIMONY OF
THEODORE G. ADAMS ON BEHALF OF WATER REMEDIATION

TECHNOLOGY, LLC

The purposeof this Attachmentis to providebackgroundon the guidancecited in my
prior testimony in this matter. The federal Departmentof Energy (“DOE”), Office of
EnvironmentalPolicy and Guidance together with the Biota Dose AssessmentCommittee
(“BDAC”) haspreparedandmadeavailableaDOE technicalstandard,“A GradedApproachFor
EvaluatingRadiationDosesto Aquatic and TerrestrialBiota” (DOE — STD. 1153-2002)(the
“Biota ProtectionStandard”). ($~AttachmentC). TheBDAC is sponsoredandchairedby the
DOE Office of EnvironmentalPolicy and Guidance,Air, Water and RadiationDivision; it is
multidisciplinary and brings together expertise in health physics, ecology, radio ecology,
environmentalmonitoring,andrisk assessment.

TheDOE MemorandumdatedAugust27, 2002,(alsopart ofAttachmentC) states: “The
technical standardprovides screeningmethods and, if needed,methods for more detailed
analysiswithin the general framework that canbe usedfor demonstratingcompliancewith
requirementscontainedin DOE Order5400.5” “RadiationProtectionOf The Public And The
Environment”. “DOE Order 5400.5 specifiesthe radiationprotectionrequirementsthat DOE
andDOE contractoremployeesmustmeetto protectaquaticanimals.” Theselimits arelessthan
1.0 RAD perday for aquaticanimalsandless than0.1 RAD perday for terrestrialandriparian
animals. -

The 0.1 RAD per day for riparian animalsis a relativelyhigh radiationdose. It is the
equivalentof 730,000mremper year exposureto man. In my earlier testimony, I statedthat
radiationworkersarelimited to anexposureof 5,000mremper yearandthat this dosemustbe
kept as low as reasonablyachievable(“ALARA”). In fact, the averagenuclearplant worker
receivesa small fraction of this amount. Onehundred(100)mremis themaximumallowable
exposureto amemberofthepublic.

The Biota ProtectionStandardprovidesa screeningmethodto determinewhetheror not
the 1.0 RAD perday (aquaticanimals)andthe0.1 RAD perday (terrestrialandripariananimals)
DOE standardwill beexceededin any situation.

Assessmentis doneby referenceto specific Biota ConcentrationGuides(“BCGs”) for
bothwaterandsedimentfor aquaticandriparian animalsandto the “OrganismResponsiblefor
Limiting Dose”for eachofwaterandsediment. -

Each BCG is specifically referencedto the applicable radionuclide. Table 6.2 of
AttachmentC showsthefollowing:

Nuclide BCG OrganismResponsiblefor Limiting Dosein Water

Radium226 4 pCi/L RiparianAnimal

Radium228 3 pCi/L RiparianAnimal
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And for sediment,Table6.2provides:

Nuclide BCG OrganismResponsibleforLimiting Dosein Water

Radium226 100 pCi/g RiparianAnimal

Radium228 90pCi/g RiparianAnimal

During the screeninglevel process,each of the BCGs is calculatedbased on the
assumptionthat it is the only radiationto which theBiota is exposed,andthat exposureat the
BCG level is equal to the DOE mandatedlevel of maximumexposurefor a terrestrialand/or
ripariananimalof 0.1 RAD perdayandfor anaquaticanimalof 1.0 RAD perday. Divide the
actuallevel bytheBCG. If theresultis greaterthan1.0, thescreeninglevel hasbeenexceeded~

Wheremore thanoneradionuclide(i.e., Radium 226 and Radium228) is involved and
wherethereis more thanone sourceof radiation(i.e., waterplus sediment),then divide each
BCGby theactualradiationlevel for eachradionuclidefor eachofwaterandsedimentresulting
in four fractions. If theaggregatesumof thesefour fractionsis morethan1.0, thenthescreening
level hasbeenexceeded

SampleCalculationsof WaterQualityUsingtheBCGApproach

In thepagesfollowing thetext of this Attachment,I havepresentedcalculationsofhow
theBCGs couldbe appliedto the waterquality situationfor POTWsreceivingwaterfrom wells
with elevatedradiumlevels. PageB-S presentsthebasicformulafor Radium226 and228 from
the DOEGuidance.Thenextpagethenillustratesa samplecalculationthatprovidesan estimate
of thewaterquality level at which the DOE Guidancewould deemto be safe for purposesof
protectionof aquaticlife. As one canseefrom that page,at a combinedradiumlevel of 3.75
pCi/L, without anycontributionfrom total radiumin thesediments,the waterquality is deemed
acceptable. (I then proceededto examinethe various casesdescribedin Table 5 of Charles
Williams’ Augusttestimonyto documentthat cases3, 4, 5 and6 all resultin anexceedanceof
thebio-dosecriteriaadoptedby theBDAC.)

Thesecalculationsmayunderstatetherisk to aquaticlife, sincetheyincludeno calculated
contribution from radium depositedin sediment. The IEPA hasprovidedno figures -for the
presentor expectedradiation levels in the sediment. However, it is my opinion that -the
radiation in the sedimentwill increasedueto the continued discharge of radium into low-
flow and no-flow streams.

RadioactiveContaminationof Sediments

It is instructiveto considerthe potential effect on the “safe” calculationby addingin a
valuefor radiumin sediments.Theinformationprovidedby AttachmentD providesdataon-not
only the uptakeof radiumby benthicorganisms,but also on the accumulationofradiumin the
surficial sediments. -

In that case, lake levels were augmentedby input water from deepwaterwells, the
introductionoflow radioactiveinput water(2 to 3 pCi/L ofRadium226). Accordingto the2000
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and2004 TechnicalReportto the SouthwestFlorida WaterManagementDistrict, the resulting
sedimentcontaminationaveraged12.1 pCi/g of Radium 226; and the musselshad radiation
levels in the flesh in excessof 205 pCi/g (and a RAD dose of 5.5 RAD per day). ~
Attachment D.) These mussels contain radiation at levels higher than acceptable for
disposalanywhere,but at a low level radioactive wastedisposalsite.

Although lakes differ from streams, in my opinion, the constant,daily, incremental
dischargeofradiuminto low-flow or no-flow streams,yearafteryear,will causean increasein
the radioactivecontentofthe sedimentover time. Furtherstudieswould-haveto be undertaken
to project the future levelsof radioactivecontaminationin eachparticular stream. However,
assumingthat the ultimatecontaminationwas 20 pCi/g combinedradium (split 50/50), then(as
shownin the final pageof this AttachmentB) any radiumin the waterin excessof 2.72 pCi/L
would causethe screeninglevel to be exceeded.And, on a combinedradiumbasis, basedon
theseassumptions,the level of Radium 226 needed to exceedthe screening level ranges
drops from 1.88 pCi/L to 1.36pCi/L. - -

Thesecalculations indicate that the existing generalwater standardof 1.0 pCi/L of
Radium226 wateris notunreasonablylow on a general,state-widebasis,andis very closeto the
levelneededto avoidexceedingthescreeninglevelprovidedby theBiotaProtectionStandard.

It is importantto rememberthat, in radiationmatters,thefundamentalprinciple is that all
radiationshouldbekept ALARA — this is especiallytruewith radiumfor which themaximum
contaminantlevel goalofboththeU.S. EPA andtheIEPA is zero,whichhasalengthyhalf-life,
and for which, under both U.S. and Illinois stateregulations,thereis no allowable exempt
amount and no allowableexemptconcentration. The DOE committee’sapproachreflects this
approachandis supportiveofthebasisofIllinois waterqualitystandardfor Radium226.
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Case 3- AVG 6~4pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 1.73E+OO

Sum of Water Ratio: 1.73E+OO

Sum of Sediment Ratio: 4.77E-03

Water •‘ H
[Concentration PBCG Limiting

(pCIIL) (pCi/L) I°~LJSJ Organism

Ra-226 3.20E+OO 4.08E+OO 7.85E- Riparian

Ra-228 3.20E+OO 3.40E+OO 9.42E- Ripanan

- •Nuclide Concentration BCG Ratio Limiting(pCilg) (pCi/g) Or9anism

Ra-226 F 2.24E-O1 LO1E+O
2

[ 2.22E- [ Riparian
I 03 Animaf

Ra-228 2.24E-01 r8.78E+Ol 2.55E- Riparian03 Animal I



Case 3- MAX II pG ilL- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 2.98E+OO

Sum of Water Ratio: 2.97E+OO

Sum of Sediment Ratio: 8.19E-03

aer-~ •~•

[~~ide Concentration BCG Ratio Limiting(pCiIL) • (pCi/L) Organism

Ra-226 5.50E+00 4.08E+00 Riparian

Ra-228 5.50E+00 [3.40E+00 ~[ ~

¼ -

[Nuclide Concentration r BCG Ratio Limiting(PCI!9) (pCi!g) Organism

______ _____[~+~ 3.8iB~R~ari:n

Ra.228 3.85E01 [~8E+o1 ~ ~



Case 4- AVG 4.3 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 1.16E+OO

Sum of Water Ratio: 1.1 6E+OO

Sum of Sediment Ratio: 3.20E-03

1~~lideConcentration BCG Ratio Limiting(pC1IL) (pCi/L) •• Organism

[Ra~226 2.15E+00 4.08E+00 5.27E- Riparian

Ra-228 2.15E+00 3.40E+00 [6~E ,~ ~

[~iuclide Concentration - BCG Ratio Limiting
I • (pcwg) ~p~Wg~I Organism

~a12~[... 1.51~-01 [~+o2~ 1.49E~FR~arian

r~ ~ 1.71E~-r ~



Case 4- MAX 7.5 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 2.03E+OO

Sum of Water Ratio: 2.02E+OO

Sum of Sediment Ratio: 5.59E-03

U Vvater

NucIide~C0~~ ~~tb0t1 Ratio cgnisn



Case 5- AVG 10 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 2.71E+0O

Sum of Water Ratio: 2.70 E+00

Sum of Sediment Ratio: 7.45E-03

e
i Nuclide Concentration BCG Ratio Limiting

(pCi/L) (pCi!L) Organism

Ra-22’3 5.OOE+O0 -

I Riparian

Animal

e

‘Nuclide ~concentration BCG Ratio -~- Limiting~pCi/g~ ~p~i!g~j Organism

I .OiEi-02 34tE- Rip~rian
03 ,hII~maI

8 78E÷01 3.99E- Riparian
I 03 Anim3l

5.OOE+00



Case 6- AVG 6.8 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 1.84E+00

Sum of Water Ratio: I .84E+00

Sum of Sediment Ratio: 5.06E-03

P~uclide Concentration [~~G Ratio • Limiting
(pCIIL) 1 (pCi!L) - Organism -

Ra-226 3.40E+00 -~4.08E+00 8.34E-01

Ra 228 3 40E+00 40E+00 ~ ~

Se

Nuclide Concentration BCG . Ratio Limiting(pCilg) (pCilg) Organism

Ra-226 2.38E.01 1.01 E+02 2.35E- Riparian
03 Animal

Ra-228 [ 2.38E-01 8.78E+01 2.71E- RiparianI m • 03 Animal



Case 6- MAX 12.0 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 3.25E+00

Sum of Water Ratio: 3.24E+00

Sum of Sediment Ratio: 8.94E-03

Nuclide concentration ~atio

Ra-226 6.OOE+00 4.08E+00 Ar

Ra-228 3.40E+00 ~~“L ~ -,

rNuclide concentration BCG F~ati Limiting
I • (pCiIg) (pCi!g) Organism

Ra.226r 4.20E-01 [~~E+024.15E- Piparian

Ra~228 r 4.20E01



Case 5-MAX-I 8.0 pCi/L-50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 4.87E+00

Sum of Water Ratio: 4.86E+00

Sum of Sediment Ratio: 1 .34E-02

~ 0:0
1 -

[~jcBde Concentration BçG - Rato
I (pCi!L) (pCIIL) - ‘ LOrganism

Ra-226 9.OOE+00 4.08E+00 ~

Ra-228 [ 9.OOE+00 [~~E÷00~_~

Nuclide Concentration, m BCG -~Ratio Limiting(pCilg) (pCiIg) ~[ - Organism

T Ra-226 r 6.30E-01 1.O1E+02 6.23E- Riparian
I I m 03 Animal

~Ra~228[E~01 ~~



CASE 1-With Sediment Concentration of 12.2
pCi/g and a Resultant Water Concentration of 1.38
pCi/I to meet the BCG (<or = 1)

Sum of Total Ratio: 1.OOE+00

Sum of Water Ratio: 7.45E-O1

Sum of Sediment Ratio: 2.60E-O1

-0

[~uclide ________________________

Ra-226

I - •
‘:•~‘•-.~ • n--~’ . ~ ~-ooC.

Concentration
(pCiIL)

BCG Ratio
(pCi!L)

Limiting
Organism

1.38E+00 4.08E+00 fliParian

Ra228 t22E+0i~&78E+O1!

Ra-228 1.38E+00 3.40E+00 4.06E. Riparian

• 01 Animal -

k~ ~

Concentration I BCG . LimitingNuclide . . Ratio(pCilg) m (pCi!g) Organism

r Ra-226 r~1.22E+01 1.OIE+02 1.21E- I~~iPanan-



DOE / BiotaDoseAssessmentCommittee
BiotaProtectionScreeningLevels

BDAC establisheda screeningformulato establishtheallowablelevel of
radiumin waterfor protectionof aquaticbiota

Water Water Sediments Sediments
Ra-226 Ra-228 R-a-226 I Ra-228

4.08 3.4 101 87.8

•Tf: -
- — X is greaterthan 1, biota is at risk andsite specificstudiesmust

bedone

— X is lessthan 1, no additionalstudiesarerequired

A Graded Approach for Evaluating Radiation Doses to Aquatic
and Terrestrial Biota DOE — STD — 1153-2002



DOE / BiotaDoseAssessmentCommittee
Biota ProtectionScreeningLevels

Example:
Ra-226 = 2.04, Ra-228 = 1.7; .5 Ra-226 and .5 Ra-228 in sedimen~.s

2.04 + 1.7 + .5 -F- = 1 01
4.08 3.4 101 87.8

( .5 + .5 + .005 + .005 )

• Therefore:

— If Ra-226+ Ra-228is greaterthan3.75 pCi/L, theresultwill
alwaysbegreaterthan 1, biota is at risk andadditionalstudies
arerequired

-r_____________



Case 1- AVG 1.3 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 3.52E-O1

Sum of Water Ratio: 3.51 E-O1

Sum of Sediment Ratio: 9.68E-04

~ Ratio

Ra-226 6.50E01 4.08E+0O 1.59E- Riparian

[~i28~ 6.50E-01 [3.40E+00 [1.9iE~ [~~na~

Nuclide ~t~ion1~ j Ratio

Ra-226 4.55E-02 1.OIE+02 4.50E~I Riparian
04 Animal

Ra-228 4.55B02 [~8E+01 ~ I ~paci:n



Case 1- MAX 2.2 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 5.95E-O1

Sum of Water Ratio: 5.94E-O1

Sum of Sediment Ratio: 1 .64E-03

Concentration BCG R LimitingNuclide (pCiIL) (pCiIL) at!o Organism

l.1OE+00

1.1OE+00

:~ ~

Nuclide Concentration BCG Limiting

(pCi!g) (pCilg) Organism

I Ra226 f 7.70E-02 [~1E+02~ Ir Ripari:n -

Ra~228 7.7OE~02 ~



Case 2- AVG .86 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 2.33E-O1 -

Sum of Water Ratio: 2.32E-O1

Sum of Sediment Ratio: 6.40E-04

- WaeT

Nucllde Concentration BCG Ratior Limiting
~pci/L~ ~p~i!L~ Organism

Ra-226 4.30E-01 4.08E+00 1.05E- Riparian -

Ra-228 [ 4.30E-01 3.40E+00 1.27E- Riparian

Nuclide Concentration BCG Ratio Limiting(pCilg) (pCilg) Organism,

~:;—•{ 30~02 r1~02r2~r Ripari:n

[~a.228~3.01E..02 ~ 3.43B Pipari:n



Case 2- MAX 1.5 pCi/L- 50/50

Aquatic BCG Report for Level I

Sum of Total Ratio: 4.06E-O1

Sum of Water Ratio: 4.05E-01

Sum of Sediment Ratio: 1 .12E-03

Nuclide rconcentration BCG [~tio Limiting
I (pCiIL) (pCiIL) Organism

Ra-226 7.50E.01 4.08E+00 1.84E- Riparian01 Animal

Ra-228 7.50E-01 j 3.40E+00 ~2.21E- [~Parian

n

Nuclide Concentration BCG Ratio - Limiting
(pCilg) (pCi/g) Organism

Ra-226 5.25E-02 -[~01E+02 5.19~ Riparian
04 Animal

Ra.228~525E..02[~E+01 j ~ Piparian
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I Introduction

The U.S. Department of Energy (DOE) is accountable to Congress and the public for the safe
conductof its activities, including facility operation, waste management and disposal activities,
and remediationof environmental contamination. These routineactivitiesmay result in
releasesof radionuclidesto theair andwater, accumulationof radionuclidesin soil and
sediment,andthepotential for plants,animals,andmembersof thepublic to be exposedto
radiation. DOE Order5400.5,“RadiationProtectionof thePublicandtheEnvironment”
(1990a),lists theenvironmentalradiationprotectionrequirementsthat DOE and DOE-
contractoremployeesmustmeetto protectaquaticanimals. In addition, doselimits below
which deleteriouseffectson populationsof aquaticandterrestrialorganismshavenot been
observed,asdiscussedby theNationalCouncil on RadiationProtectionand Measurements
(NCRP 1991),andtheInternationalAtomic EnergyAgency(IAEA 1992),areconsideredby
DOEto be relevantto theprotectionof all aquaticandterrestrialbiotaon DOE sites.

1.1 Purpose

This DOE technicalstandardprovidesa gradedapproach(including screeningmethods-and
methodsfor detailedanalyses)and relatedguidancethat DOE andDOE contractorsmayuse
to evaluatecompliancewith specifiedlimits on radiationdoseto populationsof aquaticanimals,
terrestrialplants,andterrestrialanimalsdueto anthropogenicsourcesat DOEsites.
Specifically,thetechnicalstandardprovidesdoseevaluationmethodsthat canbe usedto meet
therequirementsfor protectionof biota in DOE Orders5400.1,“GeneralEnvironmental
ProtectionProgram” (DOE 1990b),5400.5(DOE 1990a),andthedoselimits for protectionof
biota developedor discussedby theNCRP(1991) andIAEA (1992) Accordingly, this technical
standardusesthebiota doselimits specifiedbelow within a gradedapproachto demonstrate
that populationsof plantsandanimalsareadequatelyprctected’ftamtheeffectsof ionizing
radiation:

AquaticAnimals. The absorbeddoseto aquaticanimalsshould notexceedI rad/d
(10 mGy/d) from exposureto radiationor radioactivematerial releasesinto theaquatic
environment.This doselimit is specifiedin DOE Order5400.5.

Terrestrial Plants. The absorbeddoseto terrestrialplantsshould notexceedI rad/d
(10 mGy/d) from exposureto radiationor radioactivematerial releasesinto theterrestrial
environment.

TerrestrialAnimals. Theabsorbeddoseto terrestrialanimalsshould not exceed0.1 rad/d
(1 mGy/d) from exposureto radiationor radioactivematerialreleasesinto theterrestrial
environment.

Avoiding measurableimpairmentof reproductivecapability is deemedto bethecritical
biological endpointof concernin establishingthedoselimits for aquaticandterrestrialbiota.
Module 1, Section1.2.2discussesthis issuefurther. Guidancefor interpretingandapplying
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thesedoselimits with respectto the lengthoftime andgeographicareaoverwhichactual
dosesshouldbe comparedwith the limits is provided in Module 2, Section3.

DOE hasproposedthesedoselimits for aquaticandterrestrialbiota underproposedrule
Title 10, Codeof FederalRegulations,Part834 (10 CFR 834),“RadiationProtectionof the
PublicandtheEnvironment”(DOE 1993). DOE hasdecidednot to promulgatethesedose
limits until guidancefor demonstratingcompliancehasbeendeveloped. Consequently,this
technicalstandardwasdeveloped,in part, in responseto commentsand recommendations
receivedby DOE throughtheproposedrule commentperiod. Principalthemesin the
commentsincluded: (1) requestsfor developmentof cost-effectivemethodsto supporttheuse
of DOE’s existing and proposedbiota doselimits, (2) supportfor amulti-tieredapproachto
includescreening,(3) requestsfor guidanceon biota monitoring,and(4) requestsfor
developmentof agenericmethodto promoteconsistency,while retainingsomeflexibility for
site-specificmethodsand information. Thesethemesservedastheguiding principlesfor
developmentofthemethodscontainedin this technicalstandard.

The specificmethodsand guidancein this technicalstandardareacceptablefor useby DOE
and DOE-contractorswhenevaluatingdosesto biota in relationto theabovedoselimits.
Themethodsandguidancein this technicalstandardshould alsobe useful to ecologicalrisk
assessorswho mustevaluaterisks to biota from radionuclidesthat occuron DOE sites. Using
thegradedapproachprovidedin this technicalstandard,risk assessorscan usesoil, sediment,
andwaterradionuclideconcentrationdatato determinewhetherradionuclideconcentrationsat
a site arelikely to resultin dosesin excessof thoselistedaboveandwould, therefore,havethe
potential to impactresidentpopulationsof plantsandanimals. The methodscanalsogive risk
assessorsan immediatequalitativeassessmentof the importanceof dosesof ionizing radiation
to theresidentreceptors.Thedoseequationsin this technicalstandardalsoprovidemethods
of estimatingupper-bound(e.g., conservativelyderived)dosesto specificplantsandanimals.
Referto Module 1, Section3, for adescriptionof intendedand potentialapplicationsof the
DOEgradedapproach.

1.2 Background

1.2.1 Increasing Interest and Need for Biota Dose Evaluation Methods

Thereis growing nationalandinternationalinterestin establishingaregulatoryframework(e.g.,
to includestandardsor criteria)and supportingevaluationmethodologiesfor demonstrating
protectionof theenvironmentfrom theeffectsof ionizing radiation. Regardingenvironmental
protection,the ICRP statementthat “. . . if manis adequatelyprotectedthenotherliving things
arealsolikely to be sufficientlyprotected”(ICRP 1977; 1991)useshumanprotectionto infer
environmentalprotectionfrom theeffectsof ionizing radiation. This assumptionis most
appropriatein caseswherehumansandotherbiota inhabit thesameenvironmentandhave
common routesof exposure,and lessappropriatein caseswherehumanaccessis restrictedor
pathwaysexist thataremuch moreimportantfor biota thanfor humans.Theinclusionof -
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radiationasa stressorwithin ecologicalrisk assessmentsis alsoa consideration.Ecological
risk assessmentsat contaminatedsitesbeingconsideredfor remediatioriunder-the
ComprehensiveEnvironmentalResponse,Compensation,andLiability Act (CERCLA) generally
requirean assessmentof all stressors,including radiation. Assessmentsof radiation impacts
on contaminatedecosystemsarecurrently underwayin theU.S. underCERCLA regulations
(EPA 1988).

Nationally andinternationally,no
standardizedmethodshavebeen
adoptedfor evaluatingdosesand
demonstratingprotectionof plantsand
animalsfrom theeffectsof ionizing
radiation. In 1999, the IAEA convened
a technicalcommitteeexamining
protectionof theenvironmentfrom the
effectsof ionizing radiationand
providedrecommendationsand
discussionpointsfor moving forward
with thedevelopmentof protection
frameworksanddoseassessment
methods.The resulting IAEA
TechnicalDocument,“Protectionof
theEnvironmentfrom theEffectsof
Ionizing Radiation”(1999)references
multi-tieredscreeningasa potentially
cost-effectiveandeasywayof
demonstratingcompliancewith
radiationcriteria for protectionof biota.
The IAEA hassubsequentlyhosteda
seriesof Specialists’Meetingson radiologicalprotectionof theenvironment,andtheNuclear
EnergyAgency(NEA) andtheICRPhavesponsoreda seriesof fora on this issue. It is hoped
that themethodsandguidanceprovidedin this DOEtechnicalstandardwill serveasaplatform
for nationalandinternationaldiscussionof radiationprotectionframeworks,standards,and
doseassessmentmethodsfor biota.

1.2.2 Basis for Biota Dose Limits Applied in this Technical Standard

A doselimit for controlling radiological impactsfrom DOE activitiesto nativeaquaticanimalsis
specifiedin DOEOrder5400.5. At present,DOE Ordersdo not specifydoselimits for
terrestrialorganisms. However,an intendedobjectiveof DOE Orders5400.1 and5400.5is to
protecttheaquaticandterrestrialenvironment,including populationsof plantsandanimals,
within andbeyondtheboundariesof DOE sitesfrom impactsof routineDOEactivities. The
doselimits in this technicalstandardareconsistentwith (a) the intent of DOE Orders5400.1

Benefits of a Screening Process

“A multi-tiered screening approach is normally used in
ecologicalrisk assessments. Screening mayalso be a
potentially cost-effective and easy way of
demonstrating compliance with radiation criteria or
standards forprotection of the environment. Screening
valuesshould be used to identify radionuclides in
situations of concern, and to determine whether these
radionuclides warrant further assessment, or if theyare
at levels that require no further attention. In practice,
this initial screening isexpected to be sufficient in the
majority of cases. When initial screening falls,
additional analysis or assessmentmaybe needed. A
two- or three-tiered scheme would help ensure that the
magnitude of the assessment effort would be scaled to
the likelihood and severityof environmental impacts.”

From: IAEA-TECDOC-1091, Protection of the
Environment from the Effects of Ionizing Radiation:A
Report forDiscussion (July 1999)
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and5400.5,(b) thedoselimit for aquaticanimalsspecifiedin DOE Order5400.5,and
(c) findings of the IAEA and NCRPregardingdosesbelow which deleteriouseffectson
populationsof aquaticandterrestrialorganismshavenot beenobserved.Theyarealso
consistentwith the intent of the IAEA document,‘The Principlesof RadioactiveWaste
Management”(IAEA 1995), in which Principle2 statesthat “radioactivewasteshall be managed
in suchaway asto provide an acceptablelevel of environmentalprotection.” Thebackground
for thedoselimits for aquaticandterrestrialbiota is briefly discussedbelow. Thesedoselimits
representexpectedsafe levelsof exposure,andare-consensusNo AdverseEffectsLevels
(NOAEL5) for effectson population-relevantattributesin naturalpopulationsof biota.

1.2.2.1 Aquatic Organisms

At therequestof DOE,theNCRP(1991)reviewedthe literature on theeffectsof radiationon
aquaticorganismsandprepareda reporton thethen-currentunderstandingof sucheffects.
Thereportalsoprovided guidancefor protectingpopulationsof aquaticorganisms,concluding
that achronicdoseof no greaterthan1 rad/d (0.4mGy/h) to themaximally exposedindividual
in a populationof aquaticorganismswould ensureprotectionof thepopulation.

The IAEA examinedandsummarizedtheconclusionsregardingaquaticorganismsof several
previousreviews(IAEA 1992):

Aquaticorganismsareno moresensitivethanotherorganisms;however,becausethey
are poikilothermicanimals,temperaturecancontrol the time of expressionof radiation
effects.

Theradiosensitivityof aquaticorganismsincreaseswith increasingcomplexity, that is,
asorganismsoccupysuccessivelyhigherpositionson thephylogeneticscale.

The radiosensitivityof manyaquaticorganismschangeswith age,or, in thecaseof
unhatchedeggs,with thestageof development.

• Embryodevelopmentin fish andthe processof gametogenesisappearto be themost
radiosensitivestagesof all aquaticorganismstested.

• The radiation-inducedmutation ratefor aquaticorganismsappearsto be betweenthat
for Drosophila(fruit flies) andmice.

Furthermore,the1992reviewfoundthat theconclusionsof an earlierIAEA review(1976) were
still supported;namely,thatappreciableeffectsin aquaticpopulationswould not be expectedat
doseslower thanI rad/d (10 mGy/d) andthat limiting thedoseto themaximally exposed
individualsto lessthan I rad/d would provideadequateprotectionofthepopulation.
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1.2.2.2 Terrestrial Organisms

TheIAEA (1992)summarizedinformationabouttheeffectsof acuteionizing radiationon
terrestrialorganismsasfollows:

• Reproduction(encompassingtheprocessesfrom gameticformation throughembryonic
development)is likely to be themostlimiting endpointin termsof survival of the
population.

• Lethaldosesvary widely amongdifferent species,with birds, mammals,andafewtree
speciesbeingthemostsensitiveamongthoseconsidered.

• Acutedosesof 10 rad (100mGy) or lessarevery unlikely to producepersistentand
measurabledeleteriouschangesin populationsor communitiesof terrestrialplantsor

- animals.

The IAEA (1992)alsosummarizedinformation abouttheeffectsof chronicradiation on
terrestrialorganisms:

• Reproduction(encompassingtheprocessesfrom gametogenesisthroughembryonic
development)is likely to be themostlimiting endpointin termsof population
maintenance.

• Sensitivityto chronicradiationvariesmarkedlyamongdifferent taxa;certainmammals,
birds, reptiles,andafewtreespeciesappearto be the mostsensitive.

• In thecaseof invertebrates,indirect responsesto radiation-inducedchangesin
vegetationappearmorecritical thandirecteffects.

• Irradiationat chronicdoseratesof I rad/d(10 mGy/d)or lessdoesnot appearlikely to
causeobservablechangesin terrestrialplant populations.

• Irradiationat chronicdoseratesof 0.1 rad/d (1 mGy/d)or lessdoesnotappearlikely to
causeobservablechangesin terrestrialanimalpopulations.Theassumedthresholdfor
effectsin terrestrialanimalsis lessthanthat for terrestrialplants, primarily because
somespeciesof mammalsand reptilesareconsideredto be moreradiosensitive.

• Reproductiveeffectson long-lived specieswith low reproductivecapacitymayrequire
furtherconsideration.

The NCRPand IAEA concludedfor aquaticorganismsandtheIAEA concludedforterrestrial
organismsthat thestatementby theICRP (1977; 1991), “...if manis adequatelyprotected,then
otherliving thingsare alsolikely to be sufficientlyprotected”wasreasonablewithin the
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limitations of thegenericexposurescenariosexamined.A similarassessmentwasmadeata
DOE-sponsoredworkshop(Barnthouse1995)held to evaluatetheadequacyof existing effects
dataandapproachesto radiation protectionof aquaticandterrestrialorganismsto support
movingforwardwith setting regulatorylimits. DOE workshopparticipantsagreedthat
protectinghumansgenerallyprotectsbiota, exceptunderthefollowing conditions:(I) human
accessto acontaminatedareais restrictedbut accessby biota is not restricted,(2) unique
exposurepathwaysexist for plantsandanimalsthat do not affect exposureof humans,(3) rare
orendangeredspeciesare present,or (4) otherstresseson theplantoranimalpopulationare
significant.

1.2.2.3 Additional Summaries and Reviewsof Radiation Effects Data on Biota Confirming
NCRP and IAEA Findings

UNSCEAR. In 1996, theUnited NationsScientificCommitteeon theEffectsofAtomic
Radiation(UNSCEAR)summarizedand reviewedinformation on theresponsesto acuteand
chronicradiationof plantsandanimals,both asindividualsandaspopulations(UNSCEAR
1996). The conclusionsfrom theUNSCEARreviewwereconsistentwith findings and
recommendationsmadeearlierby theNCRPandIAEA concerningbiota effectsdataand
appropriatedoselimits for protectionof biota. In 2002, UNSCEARreportedthat thesedose
ratecriteria (1 rad/d for aquaticanimalsand terrestrialplants;0.1 rad/d for terrestrialanimals)
remaindefensiblefor protectionof populationsof plantsandanimals. TheUNSCEAR plansto
developa newscientificannexto furtheraddressradioecologyand effectsof radiationon the
environment(Gentner2002).

UK Environment Agency. In 2001, the EnvironmentAgencyof theUnitedKingdom (UK)
conducteda reviewof theavailablebodyof radiationeffectsdataon biota (Copplestoneetal.
2001). Theyconcludedthat it is unlikely that therewill be anysignificanteffectsin:

• populationsof freshwaterandcoastalorganismsat chronicdoseratesbelow400 uGy/h (or
1 rad/d; 10 mGy/d);

• terrestrialplantpopulationsat chronicdoseratesbelow400 uGylh (or I rad/d; 10 mGy/d);
and

• terrestrialanimal populationsat chronicdoseratesbelow40 uGy/h (or 0.1 rad/d; 1 mGy/d).

It is noteworthythat theUK EnvironmentAgency’sreviewfindings arelargelyconsistentwith
thefindings andbiota doserecommendationsof theNCRP,the IAEA, and UNSCEARcited
above. Additionally, theyconcludedthat it is unlikely that therewill be anysignificanteffectsin
populationsof organismsin thedeepoceanat chronicdoseratesbelow 1,000uGy/h (or 2.5
rad/d; 25 mGy/d).

M1-6



DOE-STD-l153-2002

ACRP. In 2002,theAdvisory Committeeon RadiationProtection(ACRP), chargedwith
providingadviceto the CanadianNuclearSafetyCommission(CNSC) regardingapproaches
neededfor theradiologicalprotectionof theenvironment,providedrecommendations
concerningappropriatedoseratecriteria for protectionof biota. TheACRP recommendedthat
thegenericdoseratecriterion for protectingbiota shouldbe in therangeof 1-10mGy/d (0.1-I
rad/d). TheACRP indicatedthat thisdoseratecriterion is basedon population-leveleffects
and,given thecurrentstateof knowledgeand consensusviews of radiationeffectson biota,
representsthe level atwhich ecosystemswill sufferno appreciabledeleteriouseffects. The
criterion is specifiedin termsof daily doseratherthanannualdose.Theintent is to avoid, for
example,what would be theannualdoseat this doseratecriterion beingreceivedin a few
days. TheACRPfurther recommendedthat thereshouldbe someflexibility in theaveraging
time usedin interpretingthis doseratecriterion (CNSC-ACRP2002).

1.2.2.4 Application of Biota Dose Limits as “Dose Rate Guidelines” for Evaluating Doses
to Biota

The biota doselimits specifiedin this technicalstandardare basedon thecurrentstateof
scienceandknowledgeregardingeffectsof ionizing radiationon plantsand~anima!s.They
should not be interpretedasa“bright line” that, if exceeded,would triggeramandatory
regulatoryor remedialaction. Rather,theyshouldbe interpretedandappliedmoreas“Dose
RateGuidelines”that providean indication that populationsof plantsandanimalscould be
impactedfrom exposureto ionizing radiationandthat furtherinvestigationand action is likely
necessary.

1.2.3 Protection of Populations

The intent of thegradedapproach(i.e.,thescreeningandanalysismethods)in this technical
standardis to protectpopulationsof aquaticanimals,terrestrialanimals,andterrestrialplants
from theeffectsof exposureto anthropogenicionizing---r-adiation. As notedabove,certaintaxa
aremoresensitiveto ionizing radiationthan others. Basedon this observation,it is generally
assumedthat protectingthemoresensitivetaxawill adequatelyprotectother, lesssensitive
taxa. Hence,in caseswheresite-specificevaluationsmaybe required,receptorsshouldbe
selectedthat (1) areimportantto thestructureandfunctionof thecommunity, (2) areexpected
to receivea comparativelyhigh degreeof exposure(e.g., expectedto receivea radiationdose
to reproductivetissueswhich is relativelyhigh perunit of radionuclidepresentin theecosystem,
in comparisonwith otherreceptorsin thesamecommunity),and (3) haveacomparativelyhigh
degreeof radiosensitivity(e.g., radiationeffectsof concernoccurat relatively low doses,in
comparisonwith otherreceptorsin thesamecommunity). Figure 1.1 showstherelative
radiosensitivityof varioustaxafor both aquaticand terrestrialsystems.

Participantsat theDOE-sponsoredworkshopto evaluatetheadequacyof existing effectsdata
andapproachesto radiationprotectionof aquaticandterrestrialorganisms(Barnthouse1995)
concludedthat existing datasupporttheapplicationof recommendeddoselimits to
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Table 6.2 Blota Concentration Guides (BCGs) for Water and Sediment (In Special Units) for Use in Aquatic System
Evaluations. For use with measured radionuclide concentrations from co-located water and sediment.

144Ce 2E+03 AquaticAnimal 3E.i-03 Riparian Animal
135CS 5E+02 RiparianAnimal 4E+04 RiparianAnimal137Cs 4E÷01 RiparianAnimal 3E+03 RiparianAnimal
60Co 4E+03 AquaticAnimal - 1 E÷03 RiparianAnimal154Eu 2E+04 AquaticAnimal 3E+03 RiparianAnimal155Eu 3E+05 AquaticAnimal 3E÷04 RiparianAnimal
3H - 3E÷08 RiparianAnimal - 4E+05 RiparianAnimal

1291 - 4E+04 RiparianAnimal 3E+04 RiparianAnimal
1311 - 1 E+04 RiparianAnimal 5E+03 RiparianAnimal
239Pu 2E+02 AquaticAnimal 6E+03 RiparianAnimal
~6Ra 4E+00 RiparianAnimal 1 E+02 RiparianAnimal -

~8Ra 3E+00 RiparianAnimal 9E+O1 RiparianAnimal125sb 4E+05 AquaticAnimal 7E+03 RiparianAnimal
90Sr
99Tc232Th

233
jj

3~+0-2
7~+05
3ç+02
2Et+02

RiparianAnimal
RiparianAnimal
AquaticAnimal
AquaticAnimal

6E÷02
4E+04
1 ~+03
5E~+03

RiparianAnimal
RiparianAnimal
RiparianAnimal
RiparianAnimal234(J 21+o2 Aquatic Animal 5F+03 RiparianAnimal235~J 2E+02 Aquatic Animal - 4E~+03 RiparianAnimal238~J 2~+02 AquaticAnimal 2~+O3 RiparianAnimal

65Zn 1 E:+01 RiparianAnimal 1 RiparianAnimal
95Zr 7[:+03 AquaticAnimal 2[÷03 RiparianAnimal

241Am 4E÷02 AquaticAnimal 5E+03 RiparianAnimal
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DATE: August 27, 2002

REF’LYTO

ATTN OF: Office ofEnvironmentalPolicy andGuidance:Domotor:6-0871

SUBJECT: Availability ofDOE-ApprovedTechnicalStandard,“A GradedApproachforEvaluating

RadiationDosesto Aqi.tatic andTerresirialBiota (DOB~STD-1153-2002),”for Usein
DOE ComplianceandRiskAssessmentActivities

TO:

Distribution

Thepurposeof thismemorandumis to inform you on theavailabilityoftherecently
approvedDepartmentof Energy(DOE) technicalstandard,“A GradedApproachfor
EvalUatingRadiationDosesto AquaticandTerrestrialBiota (DOE-S1D-1153-.2002).”
The technicalstandardprovidesmethodsaridguidancewithin a graded approach for use
In demonstratingprotectionofbiota(plantsandanimals)from potentialeffectsof
ionizingradiation. Thisvoluntaryconsensustechnicalstandardwaspreparedby theAir,
Water,andRadiationDivision(EH-412)andtheDepartment’sBiota DoseAssessment
Committee,anapprovedDOE TechnicalStandardsProgramtopicalcommittee
comprisedofrepresentativesfrom acrosstheDOE complex.

Thetechnicalstandardprovidesscreeningmethodsand,if needed,methodsfor more-
detailedanalysiswithin agradedframeworkthat canbeusedfor demonstrating
compliancewith re uirementscontainedin DOE Order5400.~,“RadiationProtecti9~of -

thePublicandtheEnvironment.”it canalsobeuse o supportenvironine~italprotection
programelementswithin EnviromnentalManagementSystemsatDOE sites,andfor
conductingecologicalrisk assessmentsofradiologicalimpact. DOEOrder5400.5
specifiestheradiation-protectionrequirementsthat IDOE andDOE contractor employees
mustmeetto protectaquaticanimais. In addition,doserateguidelinesbelowwhich
deleteriouseffectshavenot been observedin populationsof aquaticor terrestrial
organisms,asrecommended by tin NationalCouncilon RiidiationProtectionand
—Measurements,andtheInternationalAtomic EnergyAgency,areconsideredbyDOE to
berelevantfor theprotectionofaquaticandterrestrialbiotaatDOEsites.

This technicalstandardis responsiveto DOE’s needsandto increasingstakeholderand
regulatorinterestconcerningprotectionoftheenvironment(biotaandecosystems)from
theeffectsof radiation. Internationally,thegeneralpracticeofusinghumanradiation
protectionto infer ecologicalprotectionis beingre-consideredfor certainradiological
contaminationscenarios.Accordingly,explicit guidelinesaridmethodsfor
demonstratingradiologicalprotectionoftheenvironmentarebeingconsideredorare
alreadyunderdevelopmentby certaincountriesand internationalorganizations.The
evaluationofradIationasa stressorwithin ecologicalrisk assessmentsis alsoa
consideration.Ecologicalrisk assessmentsatcontaminatedsitesbeingconsideredfor
remediation(e.g.,undertheComprehensiveEnvironmentalResponse,Compensation,
andLiability Act, CERCLA) generallyrequireanassessmentofall stressors,including
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radi.ation. Pinally, DOE long-termstewardship(LTS) planningdocumentsatthelocal
andnational level indicatethat protection of naturalresourcesis integralto asuccessftl
LTS program,andcited radiological impact on wildlife as a public concern at
radiologically-contaminatedsitesrequiringlong-termstewardship.

TheDepartment’sgradedapproachfor evaluatingdosesto biotawas designedfor
flexibility andacceptabi1ity~It providesuserswith a tieredapproachfor demonstrating
compliancewith biotadoserateguidelinesthat is cost-effectiveandeasyto implement,it
allows for theuseofmeasuredradionudildeconcentrationsin enviromnentalmedia
typically collectedaspartofDOE routinesiteenvironmentalsurveillanceprograms,it
incorporatesecologicalrisk assessmentconcepts,andit providesguidancefor site-
specificbiôtadoseassessmentswhereneeded.A copyofthe technicalstandardandthe
RAD-:BCG Calculator(a companionsoftwareprogmmfor usewith thetechnical
standard)canbe downloadedfrom the]3iotaDoseAssessmentCommitteewebsite
(http://honier.ornj.gov/oepa/óubliofbdac)and.fromtheDOE TechnicalStand~ds
Programhome‘page(http://tis.ehdoe~g~ov/techstds/standard/standfrmhtni1).

TheBiotaDoseAssessmentCommitteeis availableasatechnicalresourceconcerning
the implementationofmethodsaridguidancecontainedin this technicalstandard.
Requestsfor Committeeassistanceshouldbe-coordinatedthroughthechairperson(IVir~
StephenDornotor,EH-412,202-586-0871,tenhen.Domotor(~,eh.doe.gov).Questions
concerningthIs technicalstandard,requestsfor acopyofthe technicalstandard,or
communicationoflessonslearnedfrom its implementationshouldalsobe coordinated
throughMr. Domotor (E~-I-412).

fry ~
Andy Lawrence
Director
Office ofEnvironmentalPolicy andGuidance

Distribution:
Attached

cc:
Biota DoseAssessmentCommittee

EnvironmentalRadiologicalControl
CoordinatingCormnIttee

Annual SiteEnvironmentalReport
PointsofContact
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- L~rsON x~/XJJ ~:gT ~

- - - SJTERE1~EDIAT1OMPLAN FOR THE
NORTJIEA$T OHIO REGXOXAL SEWERDIST~i

- - SOTJTKEBLY WASTEWAEERTREATMENT PL.~NT
CUYAHOGA BEIGflTS, OHiO

conclusioncanbe drawnfrom the locationsof themorehighly contarnth~ttedm~ierial,nor is.

thereany indicationthat otherareasof higherconcentrarion.exist.

Theamountof Co-60 containedin the inciBerator-ashdepositedin the?~TAan~the Old Sludge
Lagoonwas calculatedas405.9 mCi. Additionally, theNorthernsecC~.l~i~fthe ~FA contains

38.5 mCi of Co-60 in thefom~of contaminatedsludge(B. Kob.and-Associates.I~ic.,February

1995).

3.1.4.10 Main Plant

Based upon the -results of the radiological analysesperformedby RSO, lri,, levels of

Conta.minationassociatedwith the Main Plantdo not presentradiological hazardsto workers
exceedingthe exposurelimits specified.by the NRC in 10 CPR 20.

Theestimatedactivity from theFumeIncineratorTanks,PumeIncineratorTank#1(104~.Ci),
FWDe IncineratorTank ~2(12~Ci) andFumeIncineratorTank#3 (400~Cfl resultedin ~total

activity of approximately0~5mCi.

3.2 ALARA - -

NEORSD is committedto keepIng radiationexposureto employeesandthegeneralpubUcaslow
as reasonably achievable (ALARA), commensuratewith sound ~c~nomic and social

consideratioxis. The NEORSD managementhasdemonstratedtheir comtiiitincn~‘Dy &SS2~D3fl~

b5~ltpriority to procedurechangesarid work plans that will reasonablyreducepersonneland

cnvironmentairadiationetpo~ures.Furthennore,NEORSD will placeprimary enapbasison

designandengineeringfeaturesto ixiairitain exposureALARA. Whenpractical, designfealnres

will be selectedin lieu of administrativecontrols to iuai.ri.tain exposuresALARA. Theexi.sting

NEORSDRadiologicalControlPlan(Dames& Moore,March1993)promu.lgates:b.eNEORSD

BKA000I .NEO:NBO-Qj Septertmer1996, P~EV.0
3-15 B Koh an~Asso~jares,Inc.

sw~p~~ d~:80 ~o co da~
AttachmentF
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‘WRT December 17, 2003 12

- ATTACHMENT

City ofJoliet - WaterandWastewaterPlants - RadiumCapturein SewageSludge

Thefollowing is a hypotheticalanalysisof radiumbeingcapturedin sewagesludgeassumingall
waterpumpedfrom city, wells reachesthesewageplant.

WaterSupply -

2003 dataused(Source:September2003EngineeringEvaluationReport)
AverageDaily Pumpage= 16 mgd
AverageRadiumContent 13.3 pCi/L (Range:8.1 to 17 pCi/L)

RadiumProduction
AverageDaily: 16 mgd x 3.785 L/gal. = 60.56 E±06L/day

60.56E+06 L/day x13.3 pCifL = 805.45E+06 pCilday
Annual: 805.45E±06pCi/dayx 365 days/year= 293.99E-4-09 pCi/year
[1 Ci = E+12 pCi —> 293.99E+09 / E+12 293.99E-03 = 0.294 Cilyear]

SewagePlant
(2002datafrom DWPCdatabase)

WestPlant EastPlant Totals

Ave.DailyFlow - 7.628mgd 17.7986mgd - 25.4266mgd

Annual Sludge -

Production(2002)
988 dry tons 2400drytons 3388 dry tons

Approved
ApplicationRate

2.4-2.6dry tons/acre 3.3-3.5 dry tons/acre

ProportionateFlow: West plant 7.628/25.4266= 30%;EastPlant 17.7986/25.4266 70%

Assumeall radiumfrom thewatersupply is capturedin thesewageplantsludge.
Assume1 gramradium= I Ci (original definition) —> I pCi radium= 1.0 E-12 gramsradium

AttachmentG



WRT December17, 2003 13

WestPlant
Sludge: (988dry tons)(2000#/ton)(453.5924gr/#) = 8.963 E+08grams

ProportionateRadium:293.99E+09 pCi x 30%= 88.2E+09 pCi radium

RadiumlSludgeMix: (88.2E+09 pCi radium)/(8.963E+08 gr Sludge) 98.40 pCi/gram

SludgeLoading: (2.5 dt/ac)( 000 #/ton~53.S924gr(#~=52.065 grams/sq.ft.

(1 acre)(43560 sq.ft/ac)

RadiumLoading: (98.40pCi/gr)/(52.065gr/sq.ft) = 1.8899—> 1.89 pCi/sq.ft.

Assumesoil weight= 120 #Icu.ft.: (120#fcu.ft)x (453.5924grf~)= 54431.09grams/cu.fi.

Assume0.5 ft. plow down: (1.89pCi/sg.ft) = 6.94 E-O5 pCi/gramRadium/Soil
(54431.09gr/cu.ft)(0.5fi) Fie)d Mix

Application Area: (988 dry tons)/ (2.5 thy tons! acre)= 395.2 acres

East Plant

Sludge:(2400dry tons)(2000~/ton)(453.592-4gr/#) = 2.177E+09 grams

ProportionateRadium:293.99E±09pCi x 70%= 205.79E+09 pCi radium

Radium/SludgeMix:(205.79E±09pCi radium)/(2.177 E+09 gr Sludge)= 94.S3pCi!grarn

SludgeLoading: (3.4dtfac)(2000#!ton~53.5924gr/#) = 70. 809 grams!sq.ft. -

(1 acre)(43560sq.ft/ac)

RadiumLoading: (94,53pCi/gr) /(70.809gr/sq.ft) = 1.335 pCi/sq.ft.

Assumesoil weight= 120#/cu.ft : (120#/cu.ft)x (453.5924gr/#) 34431.09grams/cuff

Assume0.5 ft. plow down: (1.335 pCi/sg.ft’) = 4.90 E-05 pCi/gram Radium/Soil
(54431.09 gr/cu.ft)(0.5ft) - Field Mix

Application Area: (2400dry tons) / (3.4dry tons! acre)= 705.9acres
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Table 1. Distribution ofPumpagefrom DeepBedrock Wells in NortheasternIllinois, 1995-1999(mgd)

Year County Public - Industrial Total Year County Public Industrial Total

1995 Cook 4.97 6.20 11.17 1998 Cook 4.43 6.74 11.17
DuPage 2.02 0.30 2.32 DuPage 1.52 0.25 1.77
Grundy 2.59 6.36 8.95 Grundy 2.66 6.96 9.62
Kane 13.77 0.40 14.17 Kane 16.10 0.30 16.40
Kendall 1.58 0.31 1.89 - Kendall 2.03 0.30 2.33
Lake 2.46 1.07 - 3.53 Lake 2.89 0.94 3.83
McHenry 2.68 1.53 4.21 MeHenry 3.00 2.40 5.40
Will 15.18 5.91 21.09 Will 15.33 5.27 20.60

Total 45.25 22.08 67.33 - Total 47.96 23.16 71.12

1996 Cook 4.42 - 6.58 11.00 1999 Cook 4.17 7.04 - 11.21
DuPage 2.27 0.25 2.52 DuPage 1.80 0.25 2.05
Grundy 2.58 6.98 9.56 Grundy 2.76 7.12 - 9.88
Kane - 15.50 0.50 16.00 Kane 16.12 0.34 16.46
Kendall 1.65 0.29 1.94 Kendall 2.15 0.30 2.45
Lake 2.51 1.03 3.54 Lake 3.07 0.83 3.90
MeHenry 2.36 1.92 -- 4.28 McHenry 3.53 2.09 - 5.62
Will 15.23 6.06 21.~9 Will 15.14 5.23 20.37

Total 46.52 23.61 70.13 Total 48.74 23.20 71.94

1997 Cook 3.80 6.43 10.23
DuPage 2.28 0.25 2.53
Grundy 2.56 6.78 9.34
Kane 15.57 0.32 15.89
Kendall 1.75 0.30 2.05
Lake 2.71 0.93 3.64
McHenry 3.20 2.35 5.55 -

Will 15.62 5.82 - 21.44
Total 47.49 23.18 70.67

-- — ~



Groundwaterwithdrawalsfrom thedeepbedrockaquifersdeclinedandthensteadied
briefly at the end of the twentieth century,aspublic watersuppliesin Cook,DuPage,andLake
Countiesswitchedto LakeMichiganwater. Demandon thedeepbedrockaquifersincreased
slowly in thesouthwestcounties(Lake,McHenry,andKane).Duringthe 1995-1999period,
pumpagefor public andindustrialsuppliesfrom deepbedrockwells (Cambrian-Ordovician)rose
slightly from 67.3 to about72 mgd.Table1 showsthedistributionofpumpagein theeight-
countyChicagoregionbetween1995 and1999,subdividedbypublicandindustrialuse
categories,andby counties.

TheChicagoregionhasabout150public water-supplyfacilitiesandanother100
industrialfacilities. Mostofthesethcilities aresmallusersandarenotespeciallyimportantwhen
consideredindividually. Consequently,it hasbeenfoundconvenientto examinethemembership
ofthosepublic water-supplyfacilitiespumpingmorethan 1.0 mgd from thedeepbedrock
aquifersin 1999.Thenumberoffacilities is thesameasin thelastreport(Visocky, 1997).The
compositionof thegrouphaschangedto include thecommunitiesofLemont,Oswego,
Romeoville,andPlainfield,however.Bartlett, Beliwood,Elgin, andLockportdroppedoff the
list becausetheirdaily pumpingratesdecreasedto lessthan 1.0 mgd.Pumpageattheother
facilities rangedfrom 1.15to 10.05mgd,asshownin Table2. JolietandAuroraaredecidedly
thelargestdeepbedrockpublic watersuppliesin theChicagoregion.

Table 2. Public-Water-Supply Facilities in theChicago Region

PumpingMore than 1.0 mgd from DeepBedrockAquifers,1999

Community Pumpage(mgd)

Joliet* 10.05
Aurora 5.80
CrystalLake 2,25
LakeZurich - 1.95 -

Morris - 1.81
Batavia 1.60 -

WestChicago 1.58
Montgomery 1.46
NorthAurora 1.40
Geneva 1.33
St. Charles 1.32
Lemont 1.27
Oswego 1.26
WesternSprings 1.23
Romeoville 1.15
Plainfield 1.15

Note~
*This numberreflects the last-reportfrom Joliet for 1995 pumpage.
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Figure9. Changesin groundwaterlevel in deepbedrockwells

in northeasternIllinois between1995 and2000
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~

EPA I.D. NUMBER (copy from Item I of form 1)
~

FORM U.S. ENVIRONMENTAL PROTECTION AGENCY

2C E PA APPLICATION FOR PERMIT TO DISCHARGE WASTEWATEREXISTING MANUFACTURING. COMMERCIAL, MINING AND SILVICULTURAL OPERATIONS
NPDES Consolidated Permits Program

I. OUTFALL LOCATION
For each outfall, list the latitude and Ion2itude to the nearest 15 seconds and the name of the receiving water.

A. OUTFALL B. LATITUDE LONGITUDE 0. RECEIVING WATER (name)
NUMBER ~‘11sf~)1. DEG. 2. MIN. 3. SEC. 1. DEG 2. MIN. 3. SEC.

001
AOl

41 18 38 88 39 58 Illinois River
Illinois River41 18 - 38 88 39 58

BOl
COl

41- 18 38 68 39 58 Illinois River
Illinois River41 18 38 88 39 58

DOl
E01

41 18 38 88 39 58 Ilinois River
Ilinois River -41 18 38 88 39 58

FOl
GOl

41 18 38 88- 39 58 Ilinois River -

Ilinois River41 18 38 88 39 58
H01
101

41 18 38 88 39 58 Ilinois River
lllnois River41 18 38 88 39 58

002 41 18 40 88 39 46 Illinois River

II. FLOWS, SOURCES OF POLLUTION, AND TREATMENT TE~HNOLOGlES
A. Attach a line drawing showing the water flow through the facility. Indicate sources of intake water, operations contributing wastewater to the

effluent, and treatment units labeled to correspond to the more detailed descriptionsirUtem-B.Qorlstructawateri~a1anceon the line
drawing by showingaverage flows between intakes, operations, treatment units, and outfalls. If a water balance cannot be determined
(e.g. for certain mining activities), provide a pictorial description of the nature and amount of any source of water and any collection or
treatment measures

B. For each outfall, provide a description of: (1) All operations contributing wastewater to the effluent, including process wastewater, sanitary
wastewater, cooling water, and storm water runoff; (2) The average flow contributed by each operation; and (3) The treatment received by
the wastewater. Continue on additional sheets if necessary.

I OUTFALL
NO (list)

2. OPERATION(S) CONTRIBUTING FLOW 3. TREATMENT

a. OPERATION (list,) b. AVERAGE FLOW a. DESCRIPTION b. LIST CODES FROM

001 Cooling Pond Blowdown (Main Cond. Cooling 34.98 MGD Evaporative Heat Dissipation, X-X

Water, Clean Condensate System Flushing Discharge to Surface Water 4-A

Demineralizer Regenerant Wastes -

House Service Water, Sewage Treatment
Plant Effluent, Radwaste Treatment System

Effluent, Wastewater Treatment System Effluent,

Auxiliary Reactor Equipment Cooling Water, OCT 2 9 2flfl~
Reverse Osmosis System Reject Water

Water Softener Renerant Waste
.Cooling Pond Intake Screen Backwash, North

-

.Envmronmcntpl Protectic
WPC--Permjt Lc

i Agenc
p In

Site Uncontaminated Storm Runoff, South Site
Uncontaminated Storm Runoff).

AOl Demineralizer Regenerant Wastes Intermittent Equilization, Buffering with Circ- XX XX

(Make-up Demineralizer Regenerant Waste, ulating Water or Neutralization, 2-K
Off-Spec Demineralized Water, MU Demin. Treatment in Wastewater XX
Maintenance Wastewater, Unit 1 Waterbox

Vacuum Pump Condensate (Lake Water),

Radwaste Treatment Acid/ Caustic System

Drains

BOl Sewage Treatment Plant Effluent 0.020 MGD Equalization, Activated Sludge, X-X 3-A

(Sanitary Wastewater, Eyewash Station Waste- Sedimentation, 1-U
water) Sludge to Aerobic Digestion, 5-A

Drying Beds, On-Site Storage 5-H X-X

OFFICIAL USE ONLY (effluent guidelines sub-categories)

EPA Form 3510-2C (Rev. 2-85) PAGE 1 OF 4 CONTINUE ON I(t~tI~bt



CONT!NUED FROM THE FRONT
C. except for storm runoff, leaks, or spills, are any of the discharges described in Items Il-A or B intermittent or seasonal?

X IYES (comolete the foiowincs table) I INO (qo to Section III)

1. OUTFALL

2. OPERATION(s)
CONTRIBUTING FLOW (list)

-

3. FREQUENCY~ - 4. FLOW
a. DAYS PER

WEEK
(specify

b. MONTHS
PER YEAR

(specify

a FLOW RATE (in mgd)
~

b. TOTAL VOLUME (specify
W~t1Iunits) c. DUR-ATION

(in days)i. LONG TERM 2~MAXIMUM 1. LONG TERM 2. MAXIMUM
NUMBER (l~) averape) avera9e) AVERAGE DAILY AVERAGE DAILY

AOl Demineralizer Regenerant Wastes 0.047 0.047 1
1
1

E01
FOl

Unit I and 2 Radwaste Treatment System 0.011 0.027
55.58Aux. Reactor Equip. Cooling and Flushing Water

002 II. River Make-Up Water Intake Screen Backwash 0.432 20

Ill. PRODUC’I ION
A. Does an effluent guideline limitation promulgated by EPA under Section 304 ofthe Clean Water Act apply to your facility?

I X IYES (complete Item Ill-B) IWO (go to Section IV)
B. Are limitations in the applicable effluent guideline expressed in terms of production (or other measure of operation)?

IYES (complete Item Ill-C) I X INO (go to Section IV)
C. If you answered ~yes”to Item Ill-B, list the quantity which represents an actual measurement of your level of production, expre
used in the applicable effluent guideline, and indicate the affected outfalls.-1. AVERAGE DAILY PRODUCTION

a. QUANTITY PER DAY b. UNITS OF MEASURE C. OPERATION. PRODUCT. MATERIAL. ETC. (specify)-
NA NA -- NA

IV. IMPROVEMENTS

ssed in terms and units

2. AFFECTED

OUTFALLS (list outfallnumbers

NA

A. Are you now required by any Federal, State or Local authority to meet any implementation schedule for the construction, upgrading or operation of
wastewater treatment equipment or practices or any other environmental programs which may affect the discharges described in this application? This
includes, but is not limited to, permit conditions, administrative or enforcement orders, enforcement compliance schedule letters, stipulations, court
orders, and grant or loan conditions. ___________ -

I YES ~comøletethe followinq table) I X INO (~oto Item IV-B)
1. IDENTIFICATION OF

CONDITION, -

AGREEMENT, ETC.

2. AFFECTED OUTFALLS
3. BRIEF DESCRIPTION OF PROJECT --

4. FINAL COM-
PLIANCE DATE

a. NO. b. SOURCE OF DISCHARGE a. RE-QUIREDI ~

NA NA NA NA NA

B. OPTIONAL: You may wish to attach additional sheets describing any additional water pollution control programs (or other enwonmental projects
which may affect your discharges) you now have underway or which you plan. Indicate whether each program is now underway or planned, and indicate
your actual or planned schedules for construction.

I IMARK ~X”IF DESCRIPTION OF ADDITIONAL CONTROL PROGRAMS IS ATTACHED.
EPA Form 3510-2C (Rev. 2-85) PAGE 2 OF 4 CONTINUE ON PAGE 3



EPA 1.0. NUMBER (copy from Item I of form I) I FormApproved.

CONTINUED FROM PAGE 2 j ILDUUu8U~643 .- ~ ~expires 12-31-85
V. INTAKE AND EFFLUENT CHARACTERISTICS
A, B,& C: See instructions before proceeding - Complete one set of tables for each outfall - Annota

NOTE: Tables V-A, V-B, and V-C are included on separate sheets numbered V-l throur~
te the outfall number in the space provided.
h V-9.

D. Use the space below to list any of the pollutants listed in Table 2c-3 of the instructions, which you know or have reason to believe is
discharged or may be discharged from any outfall. For every pollutant you list, briefly describe the reasons you believe it to be present and
report any analytical data in your possession

POLLUTANT 2. SOURCE 1. POLLUTANT 2. SOURCE

NA NA NA . NA

/l. POTENTIAL DISCHARGES NOT COVERED BY ANALYSIS
Is any pollutant listed in Item V-C a substance or a component of a substance which you currently use or manufacture as an intermediate or final product
~rbyproduct? - - __________ - -- - - -

I IYES (11sf all such pollutants below) I X INO (go to Item VI-B) -

EPA Form 3510-2C (Rev. 2-85) PAGE 3 OF 4 CONTINUE ON REVERSE



CONTINUED FROM THE FRONT
VII. BIOLOGICAL TOXICITY TESTING DATA ~ -

Do you have knc’~udgeor reasonto heiic. tho: any b~oio~-caiiuo~~r auuthorctiIcrn~to~Jcityhos been mace on any o~youd~sth~gesoi on a

receiving water in relation to your discharge within the last 3 years?
I IYES (identify the test(s) and describe their purposes below) I X INO (go to Section VIII)

VIII. CONTRACT ANALYSIS INFORMATION
Were any of the analyses reported in Item V performed by a contract laboratory or consulting firm? -

I x IYES (list the name, address, and telephone number of, and I INO (go to Section IX)
pollutants analyzed by, each such laboratory or fi,m below)

NAMEA. B ADDRESS~ C. TELEPHONE
(area code & no.)

D. POLLUTANTS ANALYZED
(list)

Test America

IX. CERTIFICATION

850 W. Bartlett Road, Bartlett, IL 60103 (847) 783-4960 All except pH, TRO, Oil & Grease, &
TSS

I certify under penalty of law that this document and all attachments were prepared tatdeFmy direction orsupervisionin accordance with a system
designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the person or persons who
manage the system or those persons directly responsible for gathering the information submitted is, to the best of my knowledge and belief, true,
accurate, and complete. lam aware that there are significant penalties for submitting false information, including the possibility of fine and imprisonment
for knowing violations.
A~.NAME & OFFICIAL TITLE (type or print) B. PHONE NO. (area code & no.)

Susan Landahi I Station Manager 815-415-3700
C. SIGNATURE 0. DATE SIGNED

,L~u~1&~,E? - /c -~ ~ p ~
EPA Form 351 O-2C (Rev. 2-85) PAGE 4 OF 4



Form Approved.
,~ ~_~-~.cn ~—,--..,-.I

exoires 12-31-85Please orint or tvoe in the unshaded areas only.

EPA ID. NUMBER (copy from Item I of form I)

ILL)UUUOUjO4,~

FORM

2C
NPDES

U.S. ENVIRONMENTAL PROTECTION AGENCY

EPA APPLICATION FOR PERMIT TO DISCHARGE WASTEWATEREXISTING MANUFACTURING, COMMERCIAL, MINING AND SILVICULTURAL OPERATIONS
Consolidated Permits Program

I OUTFALL
NO (‘lLSt,l

2. OPERATION(S) CONTRIBUTING FLOW 3. TREATMENT

a. OPERATION ~‘list~ b. AVERAGE FLOW a. DESCRIPTION
b. LIST CODES FROM

COl Wastewater Treatment System Effluent 0.021 MGD Oil/Water Separation, X-X

(Turbine Building Fire and Miscellaneous Non- Equalization, Coagulation, X-X 2-0

Radioactive Waste Sump, Demineralizer Make- Flocculation, Sedimentation, 1-G 1-U

up Water Filter Backwash, Diesel Fuel Storage Multimedia Filtration, 1-Q

and Service Water Building Sump, Auxiliary Sludge to Drying Beds, 5-H

Boiler Blowdown, Demineralizer Regenerant On-Site Storage X-X

::::::~::::~:tion

System Maintenance, Service Water System

Maintenance, Domestic Water System

- - -~ -. -

OCT 29 ~UO3
Maintenance, Clean Condensate System
Maintenance, Laboratory Liquid Wastes,

Environmental Pro~
WPC-—Perm

~ctionA~
Log Ir~

iflC~

Station Heat System Condensate)
001 Cooling Water Intake Screen Backwash Screening I-T

(Cooling Pond)

E0l Unit I and 2 Radwaste Treatment System Intermittent Fabric Filtration, Charcoal Filtration X-X X-X

Effluent (Equipment Drains in the Turbine, Equalization, Ion Exchange X-X 2-J

Auxiliary and Reactor Buildings: Floor Drains Reuse/Recycle of Treated Effluent 4-C

in the Turbine, Radwaste, Auxiliary

and Reactor Buildings:

Condensate Polisher Wastes from the Turbine

Building: Decontamination and LaundryWaste)
FOl Auxiliary Reactor Equipment Cooling and Intermittent Evaporative Heat Dissipation X-X

Flushing Water

GOl

~

North Site Storm Water Runoff (Fire Protection Intermittent Oil/Water Separation X-X

System Flushing /Maint.,[AIt. Route], Service Sedimentation 1-U
Water System Flushingl Maint. [Alt. Route], .

Domestic Water System Flushing and Maint.

[Alt. Route), Clean Condensate System .

Flushing and Maint. [Alt. Route] North Site

Uncontaminated Stormwater Runoff)

HOl South Site Storrnwater Runoff (Fire Protection Intermittent Oil/Water Separation X-X

System Flushing/Maint.,[Alt. Route], Service Sedimentation 1-U

Water System Flushing/Maint. [Alt. Route),

Domestic Water System Flushing and Maint.

[Alt. Route], Clean Condensate System

Flushing and Maint. [Alt. Route] South Site

Uncontaminated Stormwater Runoff)

OFFICIAL USE ONLY (effluent guidelines sub-categories)
EPA Form 3510-2C (Rev. 2-85) PAGE 1 OF 4 (CONTINUED FROM PA(i~1)



Form Approved.
0MB No. 2000-0059 Approval
expires 12-31-~5Please print or tvoe in the unshaded areas oniy.

EPA I.D. NUMBER (copy from Item I of form I)

1LD000803643

FORM

2 C
NPDES

I U.S. ENVIRONMENTAL PROTECTION AGENCY
APPLICATION FOR PERMIT TO DISCHARGE WASTEWATER -E PA I EXISTING MANUFACTURING, COMMERCIAL, MINING AND SILVICULTURAL OPERATIONS

I Consolidated Permits Program
1. OUTFALL

NO (list)

2. OPERATION(S) CONTRIBUTING FLOW 3. TREATMENT

a. OPERATION (list) b. AVERAGE FLOW
(include units) a. DESCRIPTION I?. LIST CODES FROM

TABLE 2C-1
101

.

Reverse Osmosis System Reject Water 0.003 MGD Multimedia Filtration, 1-Q

Reverse Osmosis 1-S

Electrodeionizatiori X-X

002 Illinois River Make-up Water Intake Screen Intermittent Screening 1-T

Backwash -

OFFICIAL USE ONLY (effluent guidelines sub-categories)

EPA Form 351U-2( (Rev. 2-85) PAGE 1 OF 4 ~ ur.,.,Lu r..jJIy, ~ I~



lTErl V-B CONTINUED FROM FRONT
1.O’OLLUTANT

AND CAS

~UMBER
(i1eva~abIe)

2. MARK ‘X’ 3. EFFLUENT . 4.UNITS 5. INTAKE (oplionaiL
b~~-

LIEVED
PRE.
SENT

~~E-
LIEVED

AS-
SENT

a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE
(itavaflable)

c.LONG TERM AVRG. d. NO. OF
VALUE ‘~‘pypffatlel ANAL-
(1) (2)MASS YSES

COt~CENTRATION

a. CONCEN
TRATION

b. MASS
~

a. LONG TERM
AVERAGE VALUE

d- N0.OF
AtL~\L.
YSESCONCENTRATION

(2)MASS (1)
CONCENTRATION

- (2)MASS (1)CONCE~
TRATION

(2)MASS

g. N~vogen.Total
Orgsiic (as N)

—

X

X

—

0.30 0.028 I mg/L lbs/day
~.

h. Ci: and Grease 9 0.826 3.9 0.35800 1 <2.4 <0.220308 1 mg/L lbs/day
I. Ph usphorus (as P), Total
(772~--14-O) x 0.32 0.029 1 mg/L lbs/day

l~~Ioactivity

X
-

(1)Apha,Total < 3 1 pCi/L

(2) Eta. Total X 210.0 -‘ 1 pCi/L

(3) P dium. Total - X 9.0 1 pCIIL

—

(4) P.dium 226.
Totai x

X

< 0.3 1 pCi/L
k.Suate(asSO

4
)

(148(3-79-8) 8 0.734 1 mg/L lbs/day

l.Su:de(asS) .. X

xm.S-:IIte(asSO3)
(1423-46.3)

n.Su—factants

0. Ak- ninum. Total

(~-9O-5) -

x < 0.20 < 0.018 1 mg/L lbs/day -

X
—

X
—

—

<0.20 < 0.018 - I mg/L lbs/day
Banum. Total

(~~39-3)
—

< 0.20 < 0.018 1 mg/L lbs/day

q.Bc-on,Total
(7440 42-8) X < 0.20 < 0.018 1 mg/L lbs/day
r.CoL-alt. Total
(744n18-4) X

X

. <0.040 < 0.004 1 mg/L lbs/day
-

strom Total
(743th89-6) . 1.30 0.119 1 mg/L lbs/day
t. Ma’ nesium. Total

~Z±~-35-4)
u.Moybdenum.
Total m7439.98~7)

V. Maganese. Total
(74~96-5)

X

X

X

X
— —

0.55

<0.030

0.03-

- 0.05

< 0.003

0.003 -

-

~
~

I

1

1

mg/L

mg/L

mg/L

lbs/day

lbs/day

lbs/day

—

w. Tim. Total
(744G-31-5) < 1.0 < 0.092 1 mg/L lbs/day

x. Tik- mium. Total X < 0.5 < 0.046 1 mg/L lbs/day(744(32-6) _____________ _____________ _____________ _____________ _____________ _____________ ________ ___________ __________

EPA orm 3510-2C (Rev. 2-85) — PAGE V-2 - CONTINUE ON PAGE V-3



x. Tltaniu - , Total
(7440-32 -

EPA For 3510-2C (Rev. 2-85)

ITEM V~JCONTINUED FROM FRONT
I. POLLUTANT

ANL CAS
NUI~BER
(ifatn.Iable)

2. MARK ‘X’
08E- ~-~-

LIEVED LIEVEO

PRE. ~
SENT SENT

3. EFFLUENT - 4.UNITS
a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE c.LONG TERM AVRG. d. NO. OF a. CONCEN b. MASS

(if aveIabfe) VALUE’ evateb!e) ANAL- TRATION - -

(1) (2)MASS (1) (2)MA5S (1) (2)MAS5 YSES -

CONCENTRATION CONCENTRATION CONCENTRATION -

5. INTAKE ~opt~neQ,
a. LONG TERM d. N ). OF

AVERAGE VALUE ANt - --

(1)C0NcEN- (2)MASS ~ ~
TR.ATION —

g. Nitrogen, Total
Organic(~sN)

X

X

—

< 0.50 <0.059 - - I mg/L lbslday

h. Oil and Grease 7,7 0.905 5.3 0.622885 2.7 0.318298 12 mgIL lbs/day
I.Phosph-irus(asP),Total
(7723-14--)) X < 0.10 < 0.012

-
mg/L lbs/day

—RadIoa~ivity

(1)Alpha, Total X - 7.4 1 pCi/L

(2) Beta, -otat )( 19.0 - -~ 1 pCIIL

(3) Radiu ~. Total X

X

4.1 1 pCi/L -

(4) Radiui 226,
Total x

X

2.6 1 pCi/L
k. Sulfate (as SO4)
(14808-7~-8) 152

-
17.9 1 mg/L lbs/day

I. Sulfide (as S) -
m. Sulfite (as SO3)
(14266-4~--3)

—

X

x -

~_________

n. Surfac:jnts < 0.03 < 0.004 1 mg/L lbs/day

o. Alumfr-~m,Total
(7429-90-5) X

X

X

X

X

—
< 0.1 < 0.012 I mg/L lbs/day

~. Baiiurn Total
(7440-39-i) 0.03 0.004 1 mg/L

-
lbs/day

q. Boron. Total
(7440-42 l) 0.28 0.033 1 mg/L lbs/day
r. Cobalt. Total
(7440.48) <0.020 < 0.002 1 mg/L lbs/day

S. Iron,
(7439-89-n) < 0.10 < 0.012 1 mg/L lbs/day
t.Magne~um,Total
(7439-95---~)
u.Mol~’bd~num,
Total (74m3-98-7)

X
—

X

X

X

—

27.1 -- 3.18 I
--________

mg/L lbs/day -

<0.020 < 0.002
-

-I
-

mg/L lbs/day
V. Manga ase. Total
(7439-96-4
w. Tin, Tm -~t

< 0.01

<-2.0

< 0.001

< 0.235

1

1

mg/L

mg/L

lbs/day

lbs/day(7440-31-9

<0.020 < 0.002 1 mg/L lbs/day
PAGE V-2 CONTINUE ON PAGE V-3



ITEM V-o CONTINUED FROM FRONT
1. POLl. UTANT

AND CAS

- NUP~-3ER
(ifav~~.7abie)

2. MARK ‘X’
~- ~

LIEVED
SENT SENT
— —

X —

X

3. EFFLUENT
a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE c.LONG TERM AVRG. d. NO. OF

(ifaveable) VALUE ‘~,pjeWp) ANAL-
(2)MAS5 11) (2)MASS (1) (2)MASS - YSES

CONCENTRATION CONCENTRATION CONCENTRATION

4.UNITS -

a. CONCEN b. MASS
TRATION

- -
-

5. INTAKE (optioneQ
a. LONG TERM d. N~.OF

AVERAG ~VALUE AN/n -

(1)CO~~ (2)MASS YSE
TRATION

9.NitrogemkTotal 1.87 0.225 - - I mg/L - lbs/day

— -

h. Oil and Grease < 5 < 0.602 1 mg/L lbs/day
(as P), Total

x 5.28 0.635 1 mg/L lbs/day
). Radloamnvity

X(1)Alpha, lotal 3 1 pCi/L — -~

(2) Beta, otal X 36.0 - I pCi/L

(3)Radlumn, Total X 1.2 1 pCi/L

(4) Radlu 226,
Total X 0.4 - I .pCI/L

k. Sulfate as SO
4

)
X 212 25.5 1 mg/L lbs/day

I.Sulfide~sS)

m. Sulfite ~sSO3)
(14266.41 3)

Surfacl nts

X

- -

X < 0.03 < 0.004 1 mg/L lbs/day -

~Aiumh-mnn.Total x <0.10 < 0.012 I mg/L lbs/day

Total x <0.02 <0.002 1 mg/L lbs/day
q.Boror~otal X 0.31 0.037 1 mg/L lbs/day
~,l~)tal X <0.02 < 0.002 1 mg/L lbs/day

X 0.11 0.013 1 mg/L lbs/day
t.Magnesr~m,Total

x 34.9 -- 4.20 -- I mg/L lbs/day

Totai(74~-98.7) X - < 0.020 < 0.002 - I mg/L lbs/day
n~~se.Total X 0.06 0.008 I mg/L lbs/day

X < 2.0 < 0.241 I mg/L lbs/day -

x.Tltankjr. Total x <0.020 < 0.002 I mg/L lbs/day
EPA Forn 3510-2C (Rev. 2-85) - PAGE V.2 CONTINUE ON PAGE V.3



x. Titanim. Total
(7440-3T -6)
EPA Fo~n3510-2C (Rev. 2-85)

ITEM V-B CONTINUED FROM FRONT
1. POLLUTANT

A~m)CAS
NUMBER
(if a,aieble,l

2. MARK ‘X’
b. RE- C. RE-

UEVEO LIEVED
SENT SENT

3. EFFLUENT -

a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE c.LONG TERM AVRG. d. NO. OF
)‘ifava~fable~l VAWE ‘~pyp~pble) ANAL-

~ (2) MASS (1) - (2) MASS (1) (2) MASS YSES
CONCENTRATION CONCENTRATION CONCENTRATION

4.UNITS
a. CONCEN b. MASS
TRATION - - -

- --

-

5. INTAKE (option8l)
a. LONG TERM d. ‘IC. OF

AVERP~~VAWE A~mL-
(1) CONCEN. (2)MASS Y~S

TRATION
~Nltro~n,T~tat

X <0.40 < 0.157 1 mg/L lbs/day

—

h. Oil ar-I Grease X 1 0.392 4 mgIL lbs/day
LPhosp~orus(asP),TotaI X 0.03 0.012 I mg/L lbs/day
l. Radio--ntivity

(1)AIph, Total X < 3.00 1 pCi/L

(2) Beta. Total X 5.00 - I pCi/L

(3)Radirn,Total X 2.20 - I pCWL
(4)Radi-rn 226,
Total
k.SuIIa (as SOS)

I. Sulfide (as 5)

y ‘ ~n. i .p I

X

X

680 266.7 - I mg/L lbs/day

m. Sulfe. (as SO
3

)
(14266— s-3)

x

n. Surfa,ants X <0.07 < 0.027 1 mg/L lbs/day

o.AIumkurn,Total

p. Barb Total -

q.Boron Total

r.Cobah. Total

X

x

< 0.3

<0.1

< 0.118

<0.039

1

I

mg/L

mg/L

lbs/day

lbs/day

0.31 0.122 I mg/L lbs/day —

X <0.05 <0.020 1 mg/L lbs/day
I

x 0.82 0.322 1 mg/L lbs/day
LMagnJum, Total x 15.4 -- 6.040 I - mg/L lbs/day

X < 0.2 < 0.078 - I mg/L lbs/day
V. M8n9nese. Total <0.003 < o.oo-~

-i
mg/L lbs/day

w.Tln,T-jlal X < 0.8 < 0.314 1 mg/L lbs/day —. —

< 0.8 <0.314 I mg/L lbs/day
PAGE V-2 CONTINUE ON PAGE V.3



ITEM V-E CONTINUED FROM FRONT
1. POLUTANT

AND CAS

NUN .3ER
(ifeva--able)

2. MARK ‘X’ 3. EFFLUENT 4.UNITS 5. INTAKE ~opfonaQ =
a. LONG TERM d. NO. -~F

- AVERAGE VALUE ANAL-
(1)CONCEN- (2)MA5S YSES

TRATION —

—

LIEVED

SENT

LIEVEO

SENT

a. MAXIMUM DAILY VALUE b. MAXIMUM 30 DAY VALUE(ifaveiable) c.LONG TERM AVRG.
VALUE üf8va~ob1eI -

d. NO. OF a. CONCEN
ANAL- TRATION
YSES - --

- -

b. MASS
-

- - -

-

II)
CONCENTRATION

(2)MA5S Ii)
CONCENTRATION

I2)MASS Ii)
CONCENTRATION

(2)MASS
-

~Nltroge~ Total X 0.69 272 1 - - mgIL lbs/day

h. Oil and Grease X < 5 < 1971 1 mg/L lbs/day
I. Phosphcus (as P), Total
(7723-14-~4 X 0.7 288 1 mg/L lbs/day

—j._Radtoac-vity —

(1)Alpha. (otal X 3 I pCi/L

(2) Beta. )tal X 15.7 1 pCi/L -

(3)Radlun., Total

(4) Radiur 226,
Total

l.SuIfide1sS)

X 0.8 1 pCi/L

x < 0 1. -~I

X 94 37052 1 mg/L lbs/day

X
m. Sulfite ms SO3)
(14266-4L- 3)

n. Surfact. ~ts

o.Aiumffm. n~Total

p. Barium Total

X < 0.03 < 12 1 mg/L lbs/day

x

x

0.360 142 1 mg/L lbs/day

0.028 11.0 1 mg/L lbs/day
q. Boron. -ntal

x 0.235 93 1 mg/L lbs/day
r.Cobaft, jlal x

< 0.020 < 7.9 - 1 mg/L lbs/day —

S. IrOfl, Tc
1

,i - X 0.540 213 1 mg/L lb~/day —~

tMagnes~-rn,Total

Total(743--98-7)

x

X

21.5

<0.020

--8475

< 7.9

-- I

I

mg/L

mg/L

lbs/day

lbs/day

V. Mangerse. Total X 0.031 12 1 mg/L lbs/day
w Tir To. I

< 2.0 < 788 1 mg/L lbs/day
x.Tltanlun Total

x < 0.02 < 8 1 mg/L lbs/day ,

EPA Fon3- 3510-2C (Rev. 2-85) PAGEV.2 CONTINUE ON PAGE V-.,




