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A. Antoniolli
Illinois Pollution ControlBoard
StateofIllinois
Suite11-500
100W.Randolph
Chicago,IL 60601

DearHearingOfficerAntoniolli,

I havebeenin attendanceat thehearingson August24, andOctober21 and22. I havealso
reviewedthepriortestimonyandthedocumentssubmittedby theAgency,theCity ofJoliet and
theMetropolitanwaterreclamationDistrict of GreaterChicago.Basedonthat review,I believe
thatthereareseveralmisunderstandingsaboutradiationgenerally,andparticularlythepotential
effectsandexposureofradiumin sludge.

The potency of radium particles and their behavior in POTWs

Thereappearsto beagenerallackofunderstandingaboutthetoxicity ofradiumparticlesthatare
formedfrom thetreatmentofnaturallyoccurringradiummaterials.Thesematerials-- knownas
TechnicallyEnhancedNaturallyOccurringRadioactiveMaterialsorTENORM - arenot the
sameastheyoccurnaturally. WhentheNORM aretreated,suchaswith theHMO process,they
becomeconcentratedradiumparticles. Thesearethekind ofparticlesthatledto theclean-up
costsin Ohio andPennsylvaniathat I discussedin my Augusttestimony. Thesearethekind of
particlesthat theNRC [andsubsequentlytheNRC-agreementstatessuchasIllinois] banned
from beingplacedinto POTWsthroughtheinvestigationsandrulemakingactivitiesI have
discussedin my testimonyandexhibits.

As an example,theconcentrationofradiumonaparticlefrom an HMO processlikely is in the
rangeof 10,000pCi/g, to 70,000pCi/g. Theseparticulateswill be in thesludgethatis placedon
thefarm field, theparksandotherpublic areawherethesludgeis usedasa fertilizer. A small
amountoftheseparticleson achikfs faceor armcouldproduceasmuchas 320mRem doseto
thatareain a6-hourperiod. Everytimethechild goesout to play in theyard/fieldhe/sheis able
to pick up thesehighactivity radiumparticulatesandbe exposedto unnecessaryandunwanted
risksto skincancerandlesions.

Theexposurewouldbegreaterif theparticlewereingestedor inhaled. If achild ingested2
gramsoftheseparticleshe/shecouldbe exposedto 350 mRem,which is 3.5 timestheNRC
allowableexposureto thepublic (100mRemlyr),butobtainedin Only oneexposureevent. [See
Attachment1 to this comment].



Comments on the supplemental documentation submitted by the City of Joliet

Thesedocumentsmaybe thereportsrelieduponby DennisDuffield duringhis testimonyon
October22. However,thereportsareveryfragmentaryanddo notappearto match,in at least
oneinstance,thereportsthat hepromisedto provide. We havenumerousquestionsaboutthese
documents,bothasto theirbases,theirscientificacceptabilityandtheircompleteness.The
documentappearingatTab3 regardingtheWestsideTreatmentPlantdoesnot appearto be the
reporton workersafetyMr. Duffleld describedin his testimony;it appearsto relateto surveys
andsamplingoftheWRT pilot plant andtheWestsideTreatmentPlant. Thereport atTab4
ostensiblydealingwith risksfrom exposureto soils thathadbeenland-appliedhasseveral
inaccuracies,andit doesnotdisclosethebasisfor the input assumptions.Thoseinputs arequite
differentfrom thoseusedby ISCORSanalysis. And theanalysisis cut off after7 years-

ostensiblybecausetheresidentwill movein thatperiodoftime. But dermalexposureto high
activity radiumparticles,suchasdiggingin agardenorplayingin asludgeaugmented
field/yard,aswell as ingestionexposures,do not appearto havebeentakeninto account.

My commentson the4 documentsarepresentedin Attachment2. Therelevanceofthese
documentsto thismatterwouldhavebeenmuchmoreclearhadtheybeenproducedduringthe
Octoberhearings,allowingquestionsto be asked.Nothingin themcausesmeto believethatmy
priortestimonywasnot accuratefor the issuesaddressed.And noneofthesedocumentsaddress
theeffectsofTENORMandexposuresto particlesofhighradiumactivity.

Inaccuracies and observations relating to the documents-submitted-by Illinois EPA

At theAugust24hearing,IEPApresentedthreedocumentsthatweremarkedasexhibits. No
onefrom theAgencytestifiedin supportofthosedocuments.I wasexpectinganopportunityto
explorethosedocumentssincetheyincludedsomeclearerrorsin calculations~Instead,we found
thattheone conclusionpotentiallyrelatingto waterqualitywasdoneby someoneno longerwith
theAgencyandno oneattheAgencycouldvouchfor his calculations[calculationswhichduring
theAugusthearingI statedmy disagreement].

With respectto the issuesraisedby Tab4 submittedby Joliet, andtheassertionsincludedin the
Agency’sdocument[Exhibit 11], I havenotedseveralinconsistenciesthat aretroubling.

First, I wassurprisedto find thattherewasa substantialamountofradiationunaccountedfor
betweenthetotal levelsdocumentedby IEPA’s Exhibit 11, andthecalculationsdoneby Dr Port
[Joliet, Tab4]. Approximately.2 Curieperyearis missing. Thatis averylargeamountof
radiation,abouthalfofthe level thatcreatedamajorproblemin theNorth-EastOhio Regional
SanitaryDistrictPOTW. [SeeAttachment3 to thiscomment]

Second,it appearsthattheAgency’scalculationson theamountof acreagethatJoliet shoulduse
to apply its sludgeis 3 timesgreaterthanrepresentedby theAgency.

Thosecalculationsandtheirbasesarein Attachment4 to this comment.

Third, it appearsthat with theactualsludgelevelssampledbytheCity ofJoljet, that the
Westsideplantdoesnotmeetthe0.1 pCi/g standardcontainedin theIDNS/IEPAmemorandum
ofagreement.Insteadit appearsthatthesludgelevelsrequiretwiceasmuchlandto meetthe
IDNS standard.Interestingly,theEastSideplant - whichhassludgelevelsof less 18 pCi/g does

2



meettheIDNS standard;it maybe thatatthecurrentapplicationratesallowedby JEPAthatany
sludgewith levelsoverabout25 pCilgwill exceedthe0.lpCiIg standard.Seecalculationsin
Attachment5 to thiscomment.

Finally, I examinedtheeffect on sludgelevelsofa 5 pCi/l concentrationin thewastewater
enteringtheJoliettreatmentplants. Thosecalculationsindicatethatif theONLY material
incomingis compliantwith thedrinkingwaterstandardof5 pCi/I, thatthe sludgewill barely
meetthe0.1 pCi/g limit in theIDNS-IEPA agreement.SeeAttachment6. Thiswouldconfirm
thatthe filtrate from treatingthegroundwaterfor Joliet shouldnotbedischargedinto thePOTW,
andcertainlycouldnot if thewatertreatmentplantwerelicensed. Obviously,I believethat is
theprudentengineeringchoiceto make,forreasonscompletelyapartfrom therelationship
betweenthemaximumallowablefederaldrinking waterlevel, andtheIDNS-IEPA soil
applicationrule.

Furthercomments on the BDAC approach

Therewasnot time to respondto thecommentsat the lasthearingabouttheallegedconservatism
oftheBDAC approach.Dr Andersonhasexplainedwhy theapproachis notconservativefrom
an ecologicalperspective.I haveusedtheBDAC approachto give anexampleofwhatawater
qualitystandardmight bebasedon theformulasincludedthere.

SincethatlasthearingI did onefurthercalculationthatI wantedto share. I appliedtheBDAC
formulato theconditionsatthe lakesin Floridato seehow it worked. I foundthattheFlorida
situationpassedtheBDAC screeningcriteria. ThenI calculatedtheactualradioactivedose,and
foundthattheactualradioactivedosein that situationexceededthe 1.0 Rad/daydoserequiredby
theDOEorder. From this I mustconcludethattheBDAC methodologyis notperfectin
equatingenvironmentalconditionsto theDOE standard,andthatit maygive afalsesenseof re-
assurance.ThesecalculationsareincludedasAttachment7.

FeedbackfromNEORSDandKJSKJPOTWRepresentatives

As partofmy evaluationofthe impactsto POTWsfrom insolubleradioactiveparticulates
dischargedto thesewers/drains,I contactedtwo ofmy clientswho havebeentherecipientsof
‘htdioactivesolid~’placedinto theirsewers.I contactedMr. RobertKossack;Directorofthe
KISKI ValleyWaterPollution ControlAuthority (KVWPCA) onwhatwashisopinionof
allowingradioactiveparticlesto bereleasedto thesanitarysewer/drains.His responsewasan
emphatic’NOTA GOODIDEA!’ (Approximately10 yearsago,theKWVPCA endedup with a
lagoonfull ofuraniumcontaminatedashasaresultof anNRC licenseedischargingallowable
quantitiesof insolubleuraniumdownthesewerandinto thePOTW. Theissuehasstill notbeen
resolved).

Mr. Kossackthenwentonto saythat following his experiencewith thecontaminatedash,the
KVWPCA took immediateactionundertheirPretreatmentPermitProgramandinstituteda’No
RadioactiveSolidsDowntheSewe~’requirementon theNRC licensee.Ratherthancomply with
thepermitcondition,the licenseedisposedoftheiruraniummaterialoffsite.
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I alsocontactedMr. ThomasLenhartfromtheNortheastOhio RegionalSewerDistrict
(NEORSD). In 1991 theNEORSDdiscoveredcobalt-60contaminatedashon theirEasterly
PlantpropertyandtheirSoutherlyPlantPropertyanddewateringlagoons. Remediationcosts
haveexceeded$2Mto dateandtheNEORSDis nowrequiredto beanOhio Radioactive
MaterialsLicensee.

Mr. Lenhartrespondedto my questionby stating”llie total amountofCo-60in termsofphysical
quantitywasatiny fractionof anounce,only a gramortwo. This gramortwo ofmaterialwas
mixedin hundredsoftonsofashandyet still posedaregulatoryissuedueto hot spotsresulting
from thecobalthighactivity.. NEORSDhasto datespentapproximately$2M addressingthe
resultingissues~’

Hecontinuedby stating,’Thestudies(ISCORS)suggestthatwhile neitherman-made
radionuclidesnorNORM areusuallyaproblemfor thePOTWs,in certaincircumstanceslevels
ofactivity canbeofregulatoryconcern,ashappenedatNEORSD. Furthermore,thecostof
contaminatingaPOTW,evenat extremelylow levels,canbewell into themillions~’

Regardingwatertreatmenttechnologies,Mr. Lenhartstated,’1do not endorseanyparticular
technologyorprocess.However,wherethereareinexpensiveandeffectiveprocessesavailable
to avoidthedisposalofradioactivematerialsintosanitarysewers,theseprocessesor
technologiesshouldbeconsidered~’

Basedon theresponsesfrom thesePOTWrepresentativeswhohaveexperiencedthefinancial
impacts,potentialliabilities, andconcernoverworkerandpublic safety,theallowingofthe
dischargeofradioactiveparticulatesdownthesewersby theJEPA/IBMA is inappropriate.

Conclusion

It appearsthattheIEPA is not conversantwith thekinds ofissuesraisedby controlofradiation.
Moreover,theNRC andtheagreementstateshavehadexperiencewith thevery issuethat
Illinois is confrontingin thisproceeding.I believethatwhatis donewith theradiumAFTER it
is removedfrom thedrinkingwatersupplyis very importantandshouldnotbe trivialized. I urge
Illinois to learnfrom whattheNRC andotherPOTWshavelearned. I urgeIllinois to keep
radioactivesolidsoutof sanitarysewersandto notdisposeofradiumfiltrate by puttingit back
into theenvironment.

Sincerely,

c
TheodoreG. Adams
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CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES

ATTACHMENT 1: DOSE FROM DISCRETE RADIUM PARTICULATES

Thereare anumberofbestavailableandsmall systemcompliancetreatmenttechnologies
availablefor removalofradionuclides(radiumin ourcase)from drinking water. These
technologiesinclude,butarenot limitedto:

IonExchange(IX)
ReverseOsmosis(RO)
Lime Softening
HydrousManganeseOxide (HMO)

Someofthetreatmenttechnologiesproducearelativelysolubleradiumeffluent,while others

like HMO produceasolid radium(i.e., spentresin)orparticulateresidual.

TheHydrousManganeseOxide(HMO) treatmentprocessproducestwo typesof residuals:

Liquid - spentfilter backwashwater(containshigh activity radiumparticulatesand
co-occurringcontaminants)

Solid - spentfilter media(containsradiumandco-occurringcontaminantsand
sludge)

It is thegenerationofthehighactivity radiumparticulatesin theHMO spentfilter backwash,the
JEPAapprovedreleaseoftheirparticulatesinto thesanitarysewer/POTWplants,andthe
ultimatefurtherconcentrationof highactivity in thePOTWsludgewhich is subsequently
appliedto local farmlandas fertilizationthat is thegreatestconcern.Basedon availableprocess
information,radiumparticlesfrom theHMO processcanrangefrom 16,000- 70,000pCi/g(see
attachedmemofrom JohnLitz to CharlesWilliams)

Discreteradiumparticulatesof this kind, with radiumlevelson solidsof 1 0,000pCi/gto 70,000
pCilg presentauniqueconcernwhentheyarepartofsludgeappliedto a local farm, park,
playgroundasfertilizer/soil augmentation.

DiscreteRadioactiveParticles(DRPs)orhotparticlesareamajorconcernin nuclearpower
plants. Radiationprotectionprocedures/programshavebeen-developed-to-addressDRPs. A
largeamountof effort by boththeNationalCouncil on RadiationProtectionandMeasurement
(NCRP), theNuclearRegulatoryCommission(NRC), andotherindependentresearchershave
beenexpendedin evaluatingtheoverall humanhealtheffects(i.e., skin cancers)dueto the
exposureto thesehotparticles.

To gainan understandingofthepotentialdoseimpactsto individuals(i.e., childrenplayingin
fields,parkswheresludgecontaininghighactivity radiumparticulateswasapplied)whomight
obtainseveralofradiumparticulateson theirskin, adosecalculationwasperformed.

Detailsof theinput, assumptions,andresultsofthecalculationis presentedin Calculation#6.

WRTOO9.wpd IT. G. ADAMS AND ASSOCIATES, INC., 12)07104 - Page 1



CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES

Themethodologyfor calculatingtheskin doseto the individualis provided.

WRTOO9.wpd IT. G. ADAMS AND ASSOCIATES, INC., 12107104 Page 2



CALCULATION #1
CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES

Given:

ParticleActivity:

ExposureArea:

Skin Thickness:

Skin DoseRateFactor* for Radium-226:

ExposureTime:

Activity:

Distribution:

70,000pCi/g

10 cm2

4 mg/cm2(child’s neck,arm,face)

5.9 x 10~Sv/yrper Bq/cm2

or 0.25Remlhrper jtCi/cm2

6 Hours

Child playing in soil augmentedwith

radiumparticulatescontaining70,000pCi/g
3 gramsofsoil containing70,000pCi/g
or 210,000pCi or 0.21 ~tCion skin

= Hot ParticleSkin Dose(Rem)
= Particleactivity (~iCi)
= Skin DoseFactor(Rem/hrper j.tCi/cm2)
= ResidenceTime on Skin (hr)
= Area overwhichthedoseis averaged(cm2)

D = ADFt/s

= 0.21 jiCi xO.25Rem/hr4tCi/cm2x 6hrs/lOcm2

= 0.03 Rem or 30 mRem per occurrence/event

Where:
D
A
DF
t
5

* HealthPhysics,53 Pages,138-141,Kocher& Eckerman,1987,PergamonJournals,

Limited
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CALCULATION #1
CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES

(continued)

Prior to April 5, 2002, thehot particleskin exposurewasaveragedover 1 cm2of theskin. Prior
to thisdate,theNRCrequestedtheNCRPevaluatethis approach.NCRPissuedReportNo. 130
(NCRP 1999)and StatementNo. 9 on March 30, 2001,which supportedamongother
recommendationsthatthehotparticledosebe averagedat 10 cm2 ratherthan 1 cm2. OnApril 5,
2002,theNRC revisedtheareato be averagedfrom 1 cm2 to 10 cm2.

If thepre-2002NRC rulewasstill in effect, theskin doseto thechild would be 0.32Remor 320
mRem! This dosewouldbe forjust oneexposureevent. Whetherit is 30 or 300mRem,every
time thechild goesout to playin theyard,he/sheis ableto pick up thesehigh activity radium
particulatesandbe exposedto unnecessaryandunwantedradiationandunnecessaryrisk to skin
cancerandlesions.

DoseDueto Ingestion of Radium Particulates

If agramor two ofthesewereingestedby ayoungchild, which is notunreasonable,theresults
would be:

Given:

2 grams(140,000pCi or 0.14 p~Ci)ofRadium-226wasingested.
All radiumwasretainedin body(i.e., bodyburdenof0.14 ~tCi)
ALl for radiumis 2 p~Ci(NRC 10 CFR20, AppendixB)
Useinternaldosemethodologyusedfor radiationworker.

CEDE = 5 Remx I (~iCi)/ALI(~tCi)

= 5 Remx 0.14 p.Ci/2 p~Ci

= 0.35Remor350 mRem

Where:
CEDE = CommittedEffectiveDoseEquivalent(Rem)
I = Activity ofIngestedRadionuclide(jiCi)
ALl = Annual Limit on Intake(~tCi)

The350 mRemis 3.5 times theNRCallowableexposureto thepublic (100mRem/yr),but
obtainedin only one exposureevent.

WRTOO9,wpdlT. G. ADAMSAND ASSOCIATES, INC., 12/07/04 Page 4



ATTACHMENT 2:
REVIEW OF

CITY OF JOLIET SUPPLEMENTAL DOCUMENTS
DATED NOVEMBER 24, 2004

Basedon ourreview ofthefollowing calculations/reports(providedasTabs1, 2, 3 and4 of the
City of Jolietsupplementaldocuments)thefollowing comments/questionsareoffered:

Calculations/Reports

CalculationoftheBenefit to PublicCostsin Dollars perPerson-Remfor LandApplication

ofBiosolids(AuthorUnknown,Tab 1)

EvaluationofRadiumRemovalImpactsto SludgeHandlingat theEastsideandWestside

WastewaterTreatmentFacilities (Clark Dietz, Inc., August2004, Tab2)

Reportof Surveyat WestsideWastewaterTreatmentPlantin City of Joliet, Illinois (RSSI,

November15, 2004, Tab3)

ReportofRESRADDoseModelingfor WastewaterTreatmentPlantSludgeApplied to

LandCurrentlyUsedfor Agriculture (RSSI,October18, 2004,Tab4)
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CALCULATION OFTHE BENEFIT TO PUBLIC COSTS IN DOLLARS PER PERSON-
REM FOR LAND APPLICATION OF BIOSOLIDS

COMMENTS

Specific

5. Paragraph5:

Theparagraphshouldclarify thatthe25 yearsdosesarefrom theEastsideandWestside
“Model 2 Applications.”

6. Thebasisfor threehomesperacreis not given.
7.
8. It is not clearhowtheinformationin thefirst table,which showscapitalandoperatingcosts

for theEastsideandWestsidePOTWs,relatesto the“savingsassociatedwith land
applications”in theClark Dietz, Inc. report. Thereappearsto be no existingoperatingor
capitalcostspresentedin thesubjectreport.

9. Thecalculationofthecostof person-remis incomplete. Pleaseclarify/showcostsper
person-remusingthe2,500perperson-remcosts.

10. It is not evidenthow thenumberofpersonswasdetermined?

WRT008.wpd IT. G. ADAMS ANDASSOCIATES, INC., 12)06/04 Page 2



EVALUATION OF RADIUM REMOVAL IMPACTS TO SLUDGE HANDLING AT THE

EASTSIDE AND WESTSLDE WASTEWATER TREATMENT FACILITIES

COMMENTS

Specific

1. Page3, Section2.1, Paragraph1, Section1:

Thedaily flow of 14 mgdpresentedhereconflictswith the7.628mgd presentedbyIEPA
from the2002 datafrom theDWPCdatabase.

2. Page3, Section2.2,Paragraph3, Section1:

“Westside”shouldbe“Eastside.” The“2,217.3dry tons” presentedheredoesnot agree
with theIEPA’s 2,400dry tonspresentedin theSeptember2003 EngineeringEvaluation
Report.

3. Page5, Section3.3, Paragraph1:

Sentence1

But theproposedwatertreatmenttechnology(HMO) will produceconcentratedradium
particlesin thesludgewhich will containradiumconcentrationsup to 70,000pCi/g. (See
attachedmemofrom JohnLitz to CharlesWilliams).

Section2

Thetestresultsof thesludgeandfarmer’sfield werenot referenced.Referencesand/ortest
resultsshouldbeprovided.

However,theneedfor moredrinkingwaterdueto populationgrowthwill requiremore
waterbepumpedfrom deeperwells with higherconcentrationsofradium. This event
causeincreasesin radiumconcentrationsto occurin thesludge.

4. Page6, Title: Analysisof Landfill ofAlternative:

Deletesecond“of.”

WRTOO8wpd/T. G. ADAMS AND ASSOCIATES, INC., 12)06/04 Page 3



5. Page7, Section4

General:

Dewateringthçsludgewill increasetheradiumconcentrationin thesludge. Carewill need
to be takento maintainsludgeconcentrationswithin acceptableIEPAJIEMA andlandfill
operatorlimits.

Not all of thesludgewill needto be disposedof in a landfill, only theradiumcontaminted
watertreatmentresiduals.ThePOTWsludgecanbeappliedto thefarmer’sfield, asis
currentlydone.

WRTOO8.wpd/T. 0. ADAMS AND ASSOCIATES, INC., 12/06/04 Page 4



REPORT OF SURVEY AT WESTSIDE WASTEWATER TREATMENT PLANT
IN CITY OF JOLIET, ILLINOIS

COMMENTS

General

1. No pagenumbersareprovided.

2. Therewereno purposesor objectivesgiven for thesurveyandsludgesamplingefforts.
Pleaseclarify.

3. No referencesareprovidedfor fieldproceduresusedto performthesurfacescan,exposure
ratemeasurements,doseratemeasurements,orthe laboratorygammaspectroscopy
analysis. Pleaseprovidecopiesoftheproceduresusedto performthethreetypesof surveys
andthegammaspecanalysisof thesludgesample.

4. No mentionwasmadeoftheuseof achainof custodyprocedure/formto control/maintain
custodyofthesludgesamples.

5. No mentionwasmadeofthecalibrationstatusof thesurveyinstrumentationusedto
performthesurvey.

10. Testimonywasprovidedby Mr. Duffield during theOctober21-22,2004hearingsthat
RSSIevaluatedtheproductionofradonwithin theJolietWestsidePOTW. However,there
is no descriptionordiscussionofthis samplingeffort or relatedresults.This reportdoesnot
appearto bethesameequipment.

Specific

1. Page1, Methodology,Paragraph1:

Pleaseclarify that this surveywasa “scansurvey” asopposedto a “static survey” (i.e., one
minutecountin aparticularlocation/spot).

2. Page1, Methodology,Paragraph1:

“Surfaceofthesurface.” Suggestdeleting“surfaceand.”

3. How muchofthesurfaceareatank(s)werescanned?
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4. Page1, Methodology.Paragraph2, Sentence5:

“Located” shouldbe “locate.”

5. Page1, Methodology.Paragraph2, Sentence6:

Do not understandtherelevanceofthis statementandtheoverall objectiveof thesurvey.
PleaseseeGeneralComment2.

6. Page1, Paragraphs2 and3:

How manyexposureratemeasurementswereobtained?

7. Page1, Paragraph4:

How manydoseratemeasurementswereobtained?

8. Page2, Bulk High Resolution,GammaSpectroscopy,Paragraph1, Sentence1:

Marinelli beakersarenot typicallyusedfor samplingpurposesdueto th econcernof
contaminationoftheoutsideof thecontainerandthecountingsystem. Theyareusually
usedfor countingpurposes.Pleaseclarify.

Pleaseclarify who countedthesludgesamplesandatwhat location/facility.

Wasthesamplecountedutilizing an approvedfield/lab procedure,trainedlab technician,
andunderan approvedQuality AssurancePlan? Pleaseprovidedocumentation.

9. Page2, Results,Paragraph1, Sentence1:

Wherewerethebackgroundlevel determinationsmadefor eachinstrument?Werethey
performedin accordancewith an approvedanddocumentedfield procedure?Please
providedocumentation.

10. Page2, Results,Paragraph1. Sentence2:

Thesurveydescribedin theMethodology,DirectReadingsectionwasascanningsurvey.
Therefore,onewould expectarangeofreadings/resultsfor thesurfacescanscreening
survey(i.e., 40-80cpmwith ahigh of80 cpm,a low of 40 cpm,andan averageof60 cpm).
Thesectionstates,“the surfacetankswere40 cpmapproximately.Pleaseclarify.
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11. Typically, drawingsofthe item(s)surveyed(i.e., tank,vehicle,floor) areprovidedwith
locationsofeachsurveypoint shownon thedrawing. Completedsurvey
measurements/resultscanthenbe correlatedwith thelocationof theitemwherethe
measurement/readingwastaken. It is recommendedthat adrawingofthetank(s)be shown
andatablewith thespecificsurveyresults(i.e.,exposurerates,doserates,andscanresults)
beprovidedto correlatetheseresults.

12. Page3, Bulk High ResolutionGammaSpectroscopy,Paragraph1. Sentence1:

It is notclearbasedon statementsmadeon page2 whetherthesludgesamplewasdried
first andthencounted,orthesamplecountedassoonasit wascollectedwith no drying.
Wasthe17 gram,whichresultedafterdrying, countedin theMarinelli containeror the

gammaspecsystem?How wascountinggeometrycontrolled?

13. Page3, Bulk High ResolutionGammaSpectroscopy:

Typically, an analyticalresultfor asampleis reportedwith its standarderror (i.e., 95%).
Theresultsreportedin theRSSIreportareshownwithout theirassociatedstandardserrors.
Pleaseclarify.

14. Page3, Conclusions,Bullet 7:

Whatis therelevancyofthesecondsentencein thefirst bullet, thesecondbullet, andthe

third bullet to theobjectives(or lackthereof)of thesurvey?
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REPORT OF RESRAD DOSE MODELING FOR WASTEWATER TREATMENT
PLANT SLUDGE APPLIED TO LAND CURRENTLY USED FOR AGRICULTURE

COMMENTS

General

There areno pagenumbers.

Specific

Page 1, Paragraph1, Sentence5:

Ra-228is not an alphaemitter,it is abetaemitter.

2. Page1, Paragraph2, Sentence1:

“Usuallyhas”runon.

3. Page.1. Paragraph4, Sentence2 andParagraph5, Sentence3:

Statementsarenot true.

“Drinking waterstudiesin Ontario, Canada,Illinois/Iowa, andin Wisconsinpreviously
havefoundtheassociationbetweenosteosarcomaandelevatedradium levelsin drinking
water. “ (NDHSSNewsRelease,9/19/03.)

“When exposureestimateswerecategorizedin termsoftotal radium cancerpotency,
expressedasequivalentsofRadium-228,theresultingincidencerate amongthose
exposedat �4pCi/Lwas90°/shigher than thosewhosetap waterhadlessthan 0.5
pCi/L. Theelevatedincidenceofosteosarcomawasentirelyassociatedwith males.

For malesin areasreceivingwater with ~�4pCi/Land 2.0-3.9pCi/L,comparedto those
receiving<0.5pCi/L, therate ratios were3.4 (95%CI 1.5, 6.7), and3.1 (95%CI 1.3,
6.0), respectively.For males25 andover, rate ratios were6.2 (95%C12.0, 14) and5.5
(95%CI 1.8, 1.3), respectively. (“Radium in Drinking WaterandtheIncidenceof
Osteosarcoma,“DHSS, 9/19/03.)

In otherwords,evenat the2 - 3.9 pCi/L Ra-228equivalent,therateof osteosarcomawas
3.4 (3.4timeshigher)for �4pCi/L and3.1 for 2.0 - 3.9pCi/L. Formalesover 25, it was
6.2 and5.5higher.
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4. Page1, Paragraph6, Sentence1:

Inconsistencywith JEPAinformation. Rangefrom IEPA calculation,September2003
EngineeringReportwas8.1 - 17.2pCi/L radium,average13.3 pCi/L for Jolietwater
supply.

5. Page2, Paragraph1, Sentence2:

Pleaseclarify themeaningof “someotherform.” Is “other form concentratedradium
particlesup to 16,000- 70,000pCi/g?” Thereis no mentionofconcentratedparticles.

6. Page2, Paragraph2, Sentence1:

Confusing. Shouldreadsomethinglike, “Joliet currently ‘discharges’theradiuminitially
in thewatersupplyto thePOTWwhereit is concentratedin thesludgeor
releasedto theFoxRiver.”

7. Page3, Paragraph3, Sentence2:

“planed”

8. Page3, Footnote1:

“RASRAD” shouldread “RESRAD.”

9. Page4, Paragraph1, Sentence2:

“by theJoliet?”

10. Page8, Paragraph1, Sentence1:

No referenceto HPSpositionstatementsis provided(it is August2004).

11. Page8, Paragraph2, Sentence2:

No reference.

12. Page8, Paragraphs3 and4, Sentence1:

No reference.

13. Page8, Paragraph5, First Word:
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“Joliet”

i/

WRTOO8.wpd / T. C. ADAMS AND ASSOCIATES, INC., 12/06/04 Page 10



14. InputParameters.Page4:

SeeTable 1, ComparisonofInput ParametersbetweenRESRAD,ISCORS,andJoliet
(documentnumberWRTOO1.wpd).

DimensionofField

150 acresx 4,047m2/acre= 607,050m2 (not 590,000m2)

ContaminatedZoneHydraulic

4,310rn/yr vs 210mlyr conductivity

ContaminatedZoneb Parameters

9.075vs 2.895or 5.3

Watershedfor NearbyStream

2,589,988m2 vs 1,000,000m2

SaturatedZoneHydraulicConductivity

4,310m/yrvs lOor 100

SaturatedZoneb Parameters

9.075 vs 5.3

Model for WaterTransport

Non-dispersion,butRESRADprintout saysMassBalance.

Hasno thicknessfor unsaturatedzone.

Exposureduration- notusedfor dosecalculationsonly risk.

GeneralJolietRESRADanalysisnotconsistentwith inputparameterin ISCORS
RESRADanalysis,i.e., shuttingoff plantfood,meat,milk, aquaticfoods,soil ingestion,
anddrinkingwater.
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15. Page6:

3.5 tonsx 1,016Kg/ton x 1,000g/Kg = 3.56 x 106 glacre

not3.2 x 106 g/acre

16. Page6, TableRadiumin Soil Field:

EastsidePlant: 0.028pCi/g+ 0.031pCi/g= 0.059pCi/g

WestsidePlant: 0.058pCi/g + 0.091 pCi/g= 0.15 pCi/g

0.15 pCilg> 0.1 pCi/gJEPA/ IEMA limit.
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ATTACHMENT 3

COMPARISON OF ILLINOIS ENVIRONMENTAL PROTECTION AGENCY AND
RSSI ESTIMATES OF RADIUM ACTIVITY IN THE CITY OF JOLIET’S SLUDGE

A comparisonoftheamountofradiumactivity reportedto be in thecity ofJoliet’ s sludgebythe
Illinois EnvironmentalProtectionAgency(IEPA) (T.G. AdamsSupplementalTestimony,
AttachmentG, datedOctober8, 2004)andRSSI(R.M. HarschSupplementalTestimony,
Attachment3, November24,2004)wasperformed.Theinformationandmethodologyusedto
performthecomparisonis presentedin Calculation#3. Themethodologyincorporatesdatafrom
theJEPA,RSSI,andClark Dietz documentsprovidedassupplementaltestimony.

ThecomparisonoftheIEPA andRSSJlClarkDietz calculationsrelatedto radiumactivity in the
city ofJoliet’ssludgeidentifiedthefollowing:

TotalAnnual RadiumActivity in Sludge

0.294Cl/yr IEPA

0.093Ci/yr RSSI(usingIEPA annualsludgeproductionrates)

0.2 Ci/yr

0.294Ci/yr IEPA
0.085 Ci.yr RSSI(usingClarkDietz sludgeproductionrates)

0.21 Ci/yr

0.2Ci/yr 0.21 Ci/yr

Thebasicquestionis wheredid therestof theradiumgo? If it is assumedthatall oftheradium
in therawwell waterwent into thesludge,thentheannualradiumactivity shouldbe shownto be
approximately0.294Ci/yr for boththeIEPA andRSSIcalculations.Instead,thereis a large
discrepancy(0.2 Ci) betweentheJEPAresultsandtheRSSJIClarkDietz results. Onceagain,
wheredid theradiumgo?

Thus,theattemptto developareasonablemassbalancefor theJoliet POTWsusingtheIEPA and
RSSIICIarkDietzwasunsuccessful.

Given: Information from IEPA Calculation and RSSI Report

RadiumConcentrations(pCi/g) in Sludge’

WestsidePlant 47.2
EastsidePlant 18.7
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CALCULATION #3
COMPARISON OF ILLINOIS ENVIRONMENTAL PROTECTION AGENCY AND
RSSI ESTIMATES OF RADIUM ACTIVITY IN THE CITY OF JOLIET’S SLUDGE

Activity (annualproduction)

WestsidePlant 0.047Ci

47.2pCi/g ~‘>x 988drytons/yr’2~x 1,016Kg/tonx 1,000g/Kg = 4.74 ElO pCi
(usingIEPA annualsludgeproductionrate)

47.2pCi/g ~ x 895.3dry tons/yr(3) x 1,016Kg/ton x 1,000g/Kg = 4.29 ElO pCi
(usingClark Dietzannualsludgeproductionrate)

EastsidePlant 0.046Ci

18.7 pCi/gx 2,400drytons/yrx 1,016Kg/tonx 1,000 g/Kg = 4.56ElO pCi
(usingIEPA annualsludgeproductionrate)

18.7 pCi/gx 2,217.3drytons/yrx 1,016Kg/ton x 1,000g/Kg = 4.21 ElO pCi
(usingClarkDietzannualsludgeproductionrate)

Total Activity in Sludge

(annualproduction)~
0.093 CL/yr (IEPA)

0.085CL/yr (Clark Dietz)

Total Activity in RawWater

Supply(2)

0.294CL/yr (IEPA)
andhencesludge(i.e., assume100%
of radiumin watergoesto sludge

Wheredid the Radium go?

0.294CL/yr - 0.093CL/yr = 0.2 CL/yr (IEPA)

0.294CL/yr - 0.085CL/yr 0.21 CL/yr (Clark Dietz)

0.2 0.21
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ATTACHMENT 4

AMOUNT OF APPLICATION AREA (ACREAGE)
REQUIRED TO ALLOW PLACEMENT

OF JOLIET POTW SLUDGE ON LOCAL FARM FIELDS

A reviewof theJEPAcalculations/analysisoftheapplicationarea(acres)requiredto allow
placementofthesludgefrom Joliet’sPOTWs(EastPlantandWestPlant)on local farmfields
wasperformed. The1EPA analysisis presentedin AttachmentG of T.G. Adamssupplemental
testimonydatedOctober8, 2004. TheIEPA/IEMA agreeduponradiumconcentrationof 0.1
pCi/g (referto IEPA/IEMA MemorandumofAgreementdatedSeptember13, 1984)wasutilized
asa limit for theradiumlsoilfield mixture.

Thereviewidentifiedtwo majorerrorsin theJEPA’s calculations.Thefirst error occursin the
IEPA’s calculationofthe“radium loading” fortheWestsideandEastsideplants. Thevaluesof
52.065 gIft2 and70.809g/ft3 shouldbe multipliednot dividedbytheradiumconcentrations
(98.40pCi/gand94.53 pCi/g), respectively,in theradiumlsludgemix.

Hence,theradiumloadingshouldbe:

WestsidePlant

98.40pCilg x 52.065 gIft2 = 5,123pCi/ft2

not the1.89 pCi/ft2 calculatedby theJEPA.

EastsidePlant

94.53pCi/g x 70.809g/ft2 = 6,693.5pCi/ft2

not the1.335pCi/ft2 calculatedbytheIEPA.

Theseconderror occursin theJEPA’s calculationofthe“assumedsoil weight” for thefarm
fields. A densityof 120 #/ft3 is thedensityof rock (i.e.,granite)andis not realistic. A more
reasonabledensityvaluewould be 78 #/ft3, which is thedensityfor soil (seeRSSIRESRAD
Report,Attachment4, R.M. HarschSupplementalTestimony,datedNovember24, 2004). The
RSSIreportusedavalueof 1.25 g/cm3or78 #/ft3.

Hence,theassumedsoil weight for thefarm fieldsshouldbe:

78 #/ft x 453.5924g/# = 35,397g/ft3

not the54,531.09g/ft3 calculatedby theIEPA.
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Theoverallimpactsdueto theIEPA calculationerrorsare:

Radiumlsoilfield mix concentrationis muchhigher

WestsidePlant 0.29pCilg vs 6.94 E-5pCilg

EastsidePlant 0.38 pCilg vs4.9 E-5 pCi/g

Applicationareais increased

WestsidePlant 1,146acresvs395.2 acres

EastsidePlant 2,682acresvs 705.9acres

Thus,theamountof acreagerequiredto allow applicationof theWestsidePlantsludgeis 2.9
times (i.e., 1,146 acres)morethantheamountcalculatedby theJEPA. Theamountofacreage
requiredto allow applicationoftheEastsidePlantsludgeis 3.8 times(2,682acres)morethanthe
amountcalculatedby theJEPA.

In summary,thetotal amountof acreagerequiredto allow placementofthesludgefrom boththe
EastsideandWestsidePOTWplantsin compliancewith the0.1 pCi/gJEPA/JEMAlimit is 3,828
acres,not the 1,100acresascalculatedbytheJEPA.

DetailsofthecorrectedIEPA calculationsarepresentedin Calculations#4-A and#4-B.
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CALCULATION #4-A
RADIUM/SOIL FIELD MIX - WESTSIDE PLANT

Given: From IEPA Calculations (1) (and T.G. Adams corrections) *

WestsidePlant

Sludge

8.963E8 g

ProportionateRadium

88.2E9 pCi

Radium/SludgeMix

98.40pCiIg

SludgeLoading

52.065gIft2

RadiumLoading

5,123 pCi/ft2

98.40pCi/g x 52.065g/ft3 = 5,123 pCi/ft2 (insteadof 1.89) *

Soil Weight

35,380g/ft3

78 #/ft3 x 453.594g/# = 35,380g/ft3 (insteadof 54,431)*

PlowDown
0.5 ft

Radium/SoilFieldMix

0.29 pCi/g

5,123pCi/ft2/35,380g/ft3 (0.5 ft) = 0.29 (insteadof 6.94 E-5) *

ApplicationArea

1,146acres*

JEPAcalculated395.2acres,but with correctedRadium/SoilFieldmix, need2.9 times
theacreage(395.2)or 1,146acresto complywith the0.1 pCi/g IEPAJIEMA limit
(e.g.,0.29/0.1= 2.9).
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CALCULATION #4-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT

Given: From IEPA Calculations ~ (and T.G. Adams corrections) *

Sludge

2.177E9g

ProportionateRadium

205.79E9 pCi

Radium/SludgeMix

94.53pCi/g

SludgeLoading
70.809gIft2

RadiumLoading
6,693.5pCi/ft2

94.53pCi/gx 70.809g/ft3 = 6,693.5pCi/ft2 (insteadof 1,335)*

Soil Weight

35.380g/ft3

78#/ft3 x 453.594g/# = 35,380g/ft3 (insteadof 54,431)*

Plow Down

0.5 ft

Radium/SoilFieldMix

0.38 pCilg

6,693.5pCi/ft2/35,380g/ft3 (0.5 ft) = 0.38 (insteadof4.9 E5) *

ApplicationArea

2,682acres*

IEPA calculated705.9acres,butwith thecorrectedRadium/SoilFieldmix, need3.8 times
theacreage(705 acres)or2,682 acresto complywith the0.1 pCi/gIEPAIIEMA limit
(e.g., (0.38/0.1= 3.8).

TotalAcreageRequired
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CALCULATION #4-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT

WestsidePlant 1,146
EastsidePlant 2,682

Total 3,828acres(not 1,100acresas IEPA calculated)

(1) EPA Calculation (T,G. Adams Supplemental Testimony, Attachment G, October 8, 2004)

WRTOO5.wpd/ TO. ADAMS AND ASSOCIATES, INC., 12/07/04 Page5



ATTACHMENT 5

EVALUATION OF RADIUM/SOIL FIELD MIX UTILIZING RSSI
APPLICATION RATE AND RADIUM CONCENTRATIONS

An evaluationwasconductedof theradiumlsoilfield mix (pCi/g) thatwascalculatedby utilizing
an applicationrateof 3.5 dry tons/acreandradiumconcentrationsof48 pCi/g and 18 pCi/g for
Joliet’sWestsideandEastsideplants,respectively,asdocumentedin theRSSIreport(R.M.
HarschSupplementalTestimony,Attachment4, datedNovember24,2004).

Detailsof thesubjectcalculationsfor boththeWestsideandEastsideplantsareshownin
Calculation#5.

The resultsofthecalculationsshowthat for an applicationrateof 3.5 dry tons/acreandthe
radiumconcentrationof48 pCi/g and18 pCi/gfor theWestsideandEastsideplants,respectively,
the0.1 pCi/gJEPA/JEMAlimit will be exceededby theWestsidePlant(0.198pCi/gvs 0.1 pCi/g
IEPAIIEMA limit).
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CALCULATION #5
RADIUM/SOIL FIELD MIX USING JOLIET DATA

Radiumin Sludge

WestsidePlant 48 pCi/g

EastsidePlant 18 pCi/g

WestsidePlant

SludgeLoading

72.9 g/ft2

3.5 drytons/acrex 2,000#/tonx 453.592g/# / 43,560ft2/acre= 72.9gIft2

RadiumLoading

3,499pCiIft~

48 pCi/g x 72.9g/ft2 = 3,499 pCi/ft2

Soil Weight

35,380g/ft3

78 #/ft3 x 453.594g/# = 35,380g/ft3

Plow Down
0.5 ft

Radium/SoilFieldMix

0.198pCi/g

3,499pCi/ft2 / 35,380g/ft3 (0.5 ft) 0.198pCi/g

Note: O.198pCi/g>0.1pCi/gIEPA /IEMA limit.

EastsidePlant

SludgeLoading

72.9 g/ft2
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CALCULATION #5
RADIUM/SOIL FIELD MIX USING JOLIET DATA

3.5 tons/acrex 2,000#/tonx 453.592g/# / 43,560ft2/acre= 72.9 g/ft2
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CALCULATION #5
RADIUM/SOIL FIELD MIX USING JOLIET DATA

(continued)

RadiumLoading
1,312 pCi/ft2

18 pCi/gx 72.9g/ft2 = 1,312pCi/ft2

Soil Weight
35,380g/ft3

PlowDown
0.5 ft

Radium/SoilFieldMix
0.07 pCi/g

1,312pCi/ft2 / 35,380g/ft3 (0.5 ft) 0.07pCi/g

Note: 0.07pCi/g< 0.1pCi/gIEPA /IEMA limit.

WRTOO6.wpd / T.O. ADAMSAND ASSOCIATES, INC., 12/07/04 Page4



ATTACHMENT 6

EVALUATION OF RADIUM/SOIL FIELD MIX FROM JOLIET’S
WESTSIDE AND EASTSIDE POTW SLUDGE

AT A RADIUM CONCENTRATION OF 5 pCi/L IN THE INFLUENT TO THE PLANTS

An evaluationwas conductedoftheradiuin/soilfield mix from Joliet’ s WestsideandEastside
POTWsutilizing informationfrom theIEPA analysisofJoliet’swaterandwastewaterplants.
Theradiumeffluentconcentrationfrom theJoliet watertreatmentplantwaslimitedto 5 pCi/L,
theUSEPAdrinking waterlimit.

ThedetailsofthecalculationsarepresentedasCalculations#6-A and#6-B.

Theresultsofthecalculationsshowthatwith awatertreatmenteffluentradiumconcentrationof
5 pCi/L, andassumingall radiumin treateddrinkingwatergoesto thePOTWs,theradiumlsoil
field mix for eithertheWestsideorEastsideplantswill meetthe0.1 pCi/g IEPA/IEMA limit.

WRTOO7.wpd/T.G.ADAMSANDASSOCIATES, INC., 12106/04 Page1



CALCULATION #6-A
RADIUM/SOIL FIELD MIX - WESTSIDE PLANT

(5pCi/L in water supply)

Given: From IEPA Calculations~’~(and 5 pCIIL water supply)

WestsidePlant

Sludge 8.963E8 g

AverageRadium Concentration 5 pCi/L

Radium Production 1.1 Eli pCi/yr or .11 Ci/yr

16 mgd x 3.785L/gal = 60.56E6 L/day
60.56E6 L/day x 5 pCi/L = 302.8E6 pCi/day
302.8E6 pCi/dayx 365days/yr= 1.1 Eli pCi/yr or .11 Cilyr

Proportionate Radium (30%) 3.33 EiO pCi

1.1 Eli pCi x .30 = 3.33Ei0 pCi

Radium/SludgeMix 37.2pCi/g

3.33 ElO pCiI8.963 E8 g = 37.2 pCi/g

SludgeLoading 52.065g/ft2

2.5 dry tons/acrex 2,000 #/tonx 453.5924g/# / 43,560ft2/acre = 52.065gIft2

Radium Loading 1,937pCi/ft2

37.2 pCi/g x 52.065g/ft2 = 1,937pCi/ft2

Soil Weight 35,380g/ft3

78 #/ft3 x 453.594g/# = 35,380g/ft3
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CALCULATION #6-A
RADIUM/SOIL FIELD MIX - WESTSIDE PLANT

(5 pCi/L in watersupply)
(continued)

Plow Down 0.5 ft

Radium/Soil Field Mix 0.11 pCilg

1,937pCi/ft2 /35,380g/ft3 (0.5 ft) = 0.11 pCiIg

Note:Meets/comescloseto meeting0.1pCi/gIEPA/IEMA limit. Will meetlimit when taking
into considerationnot all radium will go to sludge.

(1) IEPA Calculation (T.G. Adams Supplemental Testimony, Attachment G, October 8, 2004)
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CALCULATION #6-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT

(5 pCi/L in water supply)

Given: From IEPA Calculations (and 5 pCi/L water supply)

EastsidePlant

Sludge 2.177E9 g

AverageRadium Concentration 5.0 pCi/L

Radium Production 1.1 Eli pCi/yr or .11 Cl/yr
(seecalculation for WestsidePlant)

Proportionate. Radium (70%) 7.77ElO pCi

1.11 Eli pCi x .70 = 7.77 ElO pCi

Radium I SludgeMix 35.7 pCi/g

7.77ElO pCi/2.177 E9 g = 35.7pCi/g

SludgeLoading 70.809g/ft2

3.4 dry tons/acrex 2,000#/ton x 453.5924g/ft / 43,560ft2/acre = 70.809g/ft2

Radium Loading 2,528 pCi/ft2

35.7 pCilg x 70.809g/ft3 2,528 pCi/ft2

Soil Weight 35,380g/ft3

78 #/ft3 x 453.5924g/# = 35,380g/ft3
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CALCULATION #6-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT

(5 pCiIL in water supply)
(continued)

Plow Down 0.5 ft

Radium / Soil Field Mix 0.14 pCilg

2,528pCi/ft2 I 35,380g/ft3 (0.5 ft) = 0.14

Note: Meets/comescloseto meeting0.1pCi./gIEPA/IEMA limit. Will meetthe limit when
taking into considerationnot all radium will go to the sludge.
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CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

ATTACHMENT 7:

COMMENTS ON “CONSERVATISM” OF DOE BIOTA DOSE METHODOLOGY

The IEPA provided testimonythat the DOE Biota DoseAssessmentCommittee(BDAC)
methodologywas overly conservativeand did not provide realistic assumptionsand/or
limits in which to evaluatethe effort(s) of radionuclides (radium)-on~ak:organismsand
riparian animals (limiting organism for radium).

As will be demonstratedin the subsequentparagraphsand accompanyingdose
calculations,this statementis not correct (for a more detailedpresentation ofthe DOE
BDAC and therelatedDOE Standard 1153-2002,pleaserefer to T.G. Adams Supplemental
Testimony, Attachment B, dated October8, 2004).

To demonstratethat theDOE BDAC methodologycan at times be lessthan conservative,a
comparisonwas madebetweenthe resultsof a standard biota dosedetermination using the
RESRAD Biota model and a manual calculation used in determining the doseto an aquatic
organism (i.e., a mussel).

Information from a study on the effectsofRadium-226 in severalcentral Florida lake
ecosystems~1~(seeT.G. Adams SupplementalTestimony, Attachment D, dated October8,
2004)wasusedasinputdatafor bothapproaches.

The following input data from the study was used:

Medium Ra-226Concentration (pCi/L or pCi/g)

Lake Water (Round Lake) 1.6pCi/L

Sediment(Round Lake) 12.2 pCi/g

Mussels(Round Lake) 205 pCi/g

Inserting the Ra-226valuesfor water (1.6pCi/L) and sediment(12.2 pCi/g) from the
Florida study into the RESRAD Biota Dosecomputer model resultedin the model
concluding that theRa-226 concentrations in the water and sedimentdid not exceedthe
establishedrespectiveradium Biota Concentration Guide (BCG) for water (4.0pCi/L) or
sediment(101pCi/g). Thus, the DOE Biota Dosemodel concluded that the radium water
and sedimentconcentrationswerelessthan their respectiveBCGs and henceresulted in the
sumof thefractions of lessthan 1.0.

1.6/4.0+ 12.2/101= .4 + .12 = .52<1 (SeeRESRADTable 1)
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CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Furthermore, the Doseto the aquatic and reprian animalscalculated by the RESRAD
Biota Dosemodelwere 1.58E-l and 5.13E-2RAD/day, respectively,which is lessthan the
1.0 and 0.1 R&D/day DOE limits (SeeRESRADTable 2).

WRTOO3.wpd /T. 0. ADAMS ANDASSOCIATES, INC., 12/07/04 Page2



CALCULATED DOSE RATES USINGDATA FROM FLORIDA STUDY AUGUST2000

Therefore, basedon the resultsabove,theDOE establishedbiota protection limit of0.1
Rad/day for the limiting organism, theriparian animal or 1.0Rad/day for aquatic
organismswas notexceeded.

In comparison,thesameinformation from the Florida study was usedto determinethe
doseto an aquatic organism (i.e.,mussel)applying the methodologyusedby Blaylock et al,
Septemberi993.(2) The detailsofthe determination of the dose(both internal and external)
due to the radium in the Florida lake ecosystemis presentedin Calculation #7.

Resultsofthe calculation showthat the mostcontributing internal dosecomesfrom the
alpha emitters (Ra-226and relateddaughters). The contribution of externaldosefrom
radium relatedalpha, beta,or gammaemitters werenegligible. Most importantly,
however,was the fact that the internal dosecalculatedfor the musselswas 1.68 Rad/day.
This doseis greater than the 1.0Rad/daylimit for aquatic organismsestablishedby the
DOE standard to protect biota. This doseis also comparableto the 5.5 Rad/day
determined by HazardousSubstanceand WasteManagementResearch,Inc., in their
August 2000study~’~(T.G. Adams SupplementalTestimony, Attachment D, dated October
8, 2004).

Thus, contrary to theIEPA’s contention, theDOE Biota Doseapproach can be less
than conservativeunder certain conditions.

(1) Hazardous Substance and Waste Management Research, mc,, Human Health Risk Assessment and Preliminary Ecological
Evaluation Regarding Potential Exposure to Radium-226 in Several Central Florida Lake Ecosystems,August2000

(2) Blaylock, et al, Methodology for Estimating Radiation Dose Rates to Freshwater Biota Exposed to Radionuclides in the Environment,
ES/ERITM-78, September 1993 -
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Given: Information-fromhumanHealthRiskAssessmentandPreliminaryEcological
Evaluation Regarding Potential Exposureto Radium-226 in SeveralCentral Florida Lake
Ecosystems,Hazardous Substanceand WasteManagementResearch,Inc., August 2000

Round Lake Radium-226concentrations in:

Sediment: 12 pCi/g, dry
Water: 1.6 pCifL
Mussel: 205pCi/g, dry

MusselActivity

205 pCi/g x 1,000g/kg x I Bq/27 pCi = 7,593Bq/kg (dry) x .75 = 5,695Bq/kg (wet)

SedimentActivity

12 pCi/g x 1,000g/kg x 1 Bq/27 pCi = 444 Bq/kg (dry) x .75 = 333 Bq/kg (wet)

WaterActivity

1.6 pCiIL x 1 Bq127 pCi = 0.06 Bq/L

DoseRatesto Musselsfrom Ra-226*

Given:Isotopes Ra-226and short-lived progeny
Geometry Mussels
Activity in Organism 5,695Bq ofRa-226/kg(wetweight)
Water Activity 0.06(Bq/L)
SedimentActivity 333 Bq of Ra-226/kg(wetweight)

Ra-226is a memberof theU-238decaychain and has a seriesofprogeny with short half-
lives. It is reasonableto assumethat becauseof their short half-lives, theseprogenywill be
presentat thesameactivity level asRa-226. However,Ra-226decaysto Rn-222,which is a
gaswith a 3.8 dayhalf-life. Rn-222produced in water or surface sedimentwould escapeto
theatmosphere;therefore, the succeedingprogenywould not be presentin surface
sedimentor water unlessother sourceswere available. In this calculation, it is assumed
that 30% of the Rn-222 producedwithin a musselremains in the musseltissueso that the
activity levelof thesucceedingprogenywill alsobe 30% of theRa-226.

* Basedon “Methodologyfor EstimatingRadiationDoseRatesto FreshwaterBiota

Exposedto Radionuclidesin theEnvironment,“B. G. Blaylocketal, ES/ER/TM-78,
September1978.
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Alpha Emitters

Usingaverageenergiesfrom TableA.2, theinternal” doseratesfor Ra-226andits short-
lived progenyare calculatedasfollows:

Da 5.76 x 10~~ n C0 _Gy h’

Ra-226D.. = (5.76x 10~)(4.86)(5,695) = 15.9 _Gy h~1

Rn-222D = (5.76x i0~)(5.59)(5,695x 0.30) = 5.5 _Gy h’

Po-218D = (5.76x i0~)(6.i1)(5,695x 0.30) = 6.0 Gy h’

Pb-2i4D~= no alpha

Bi-214~ = no alpha

Po-214D = (5.76x 10~)(7.83)(5,695x 0.30) = 7.7 _Gy h’

Total Internal” DoseRate = 35.i _Gy h1

35.1 _Gy/hr x .0001Rad/_Gy x 20 Rem/Rad= 0.07Rem/hr

- 0.07Rem/hrx 24 hrs/day = 1.68 Rem/day_1.68Rad/day

1.68 Rem/day>1.0Rad/day DOE Biota Limit

GammaEmitters

The internal doserate from the — emitterswith thehighestenergiesis calculatedasfollows:

= 5.76x i04 E_ n_ — C0 _Gy h’

Pb-2l4D_= (5.76x 10~)(0.248)(0.009)(5,695x 0.30) = 2.19 x i0~ _Gyh1

Bi-214 D_=(5.76x i0~)(1.46)(0.007)(5,695x 0.30) = 1.00 x i03 _Gy h1

Total Internal — DoseRate = 3.20x l0~ _Gy h’

WRTOO3,wpd IT. G. ADAMS AND ASSOCIATES, INC., 12/07/04 Page5



CALCULATION #7
CALCULATED DOSERATESUSINGDATA FROMFLORIDA STUDY AUGUST 2000

3.2 x i0~ Gy h’ x 0.0001Rad/Gyx 24 hrs/day = 7.7 x 106 Rad/day
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

BetaEmitters

The internal doserate from the — emitterswith thehighestenergiesis:

D_ = 5.76x 10~E_ n_ — C0 . Gy h’

Pb-214 D= (5.76x 10~)(0.291)(1)(5,695x 0.30) = 0.29 _Gyh~1

Bi-214 D_= (5.76x 10~)(0.648)(1)(5,695x 0.30) = 0.64 Gy h’

Total Internal — DoseRate = 0.93 _Gyh’

Conclusion

As shownabove,the internal — doserateis more than an order of magnitude greater than
theinternaldoseratesfrom the— and — emissions.Additionally, therelative biological
effectivenessof radiation is 20 times greaterthan— or — radiation; consequently,themain
concern for internal doseto the musselsfrom Ra-226would be from the — dose.

Notes

Alpha Emitters
= Doserate for alpha emitters (Rem/day)

= Energyof alphaparticle(MeV)
~ = Proportion of transitions producing an alphaparticle
C0 = Concentrationof radionuclides(Bq/kg, wetweight)

Beta Emitters
= Doseratefor betaemitters(Rad/day)

= Averageenergyof_ particle (MeY)
n_ = Proportion of transitions producing — particle of energyEc (MeV)
— = Absorbed fractions (Fig A-4)
C0 = Concentrationof radionuclide (Bq/kg, wetweight)

Gamma Emitters
= Doserate for gammaemitters (Rad/day)

E_ = Photon energy (MeV)
n_ = Proportion of disintegrations producing a gammaray
— = Absorbed fractions (Fig A-i)

In addition to calculating the internal doseto the Florida musselsfor completeness,

WRTOO3.wpd IT. C. ADAMSANDASSOCIATES, INC., 12/07/04 Page7



CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

externaldosesto the musselwere alsodetermined.
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- CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

ExternalRadiationDoseRates

ExternalAlpha andBetaRadiationDoseRatesfrom WaterandSediment

Externalalphaandbetaradiationdoseratesfrom waterandsedimentwould be
insignificantbecausethemussel’sshellwould serveasan effectiveshield.

ExternalGammaRadiationDoseRatefrom Water

D = 5.76 x i0~E_ n_ (1-JC~

Pb-214 = 5.76 x i0~(0.248)(1-.009)(0.06)

- = (8.6x 106)(.991)

= 8.5 x 106_Gy/hr

8.6 x 106 Gy/hr x 0.0001Rad/Gyx 24 hrs/day= 2.0 x 108Rad/day

Bi-214= 5.76 x 10~(1.46)(1-.007)(0.06)

= 5.OxiO5_G/hr

5.0 x 10~G/hr x 0.0001Rad/Gy x 24 hrs/day = 1.2 x i07 Rad/day

ExternalGammaRadiationDoseRatefrom Sediment

= 5.76x10~En(1-jC~R

Pb-2i4 = 5.76x i0~(0.248)(1-.009)(.333)(i)

= 4.7x105_Gy

4.7 x 105_Gy/hrx 0.0001Rad/_Gy x 24 hrs/day = 1.13 x i0~Rad/day

Bi-214= 5.76 x 10~(1.46)(1-.007)(.333)(1)

= 2.8E4Gy/hr

2.8 E Gy/hr x 0.0001Rad/Gyx 24 hrs/day= 6.7 x i0~Rad/day
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CALCULATION #7
CALCULATED DOSERATES USINGDATA FROM FLORIDA STUDY AUGUST 2000

Conclusion

The external dosesto the musselasa result of alpha, beta,or gammaradiation from Ra-
226 daughters (Pb-214and Bi-214) weredetermined to be insignificant.

Notes

D_ = Doseratefor gammaemitters (Rad/day)
= Photon energy(MeY)

n_ = Proportion of disintegrations producing gammaray
— = Absorbed fractions (Fig A-4)
C~ = Concentration of radionuclides in water (Bq/L)
C, = Concentration of radionuclides in sediment(Bq/kg, wetweight)
R = Amount of time organism is in contactwith sediment(1)
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Table 1: Aquatic BCG Report for Level 2

Sum of Total Ratio: 5.13E-O1

Sum of Water Ratio: 3.93E-O1

Sum of Sediment Ratio: 1.21 E-O1

__ __
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Table 2: Aquatic Dose Report for Level 2 in radld
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From: B.G. Blaylocketa!, Methodologyfor EstimatingRadiationDoseRatesto FreshwaterBiotaExposedto Radionuclidesin
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• Dr. BrianD. Anderson
33 Taft.Drive

Rochester,IL 62563

December7, 2004

A. Antoniolli
Illinois Pollution ControlBoard
StateofIllinois
Suite11-500
100 W.Randolph
Chicago,IL 60601

Dear Rearing Officer Antoniolli,

•TheIllinois EnvironmentalProtectionAgency’sproposalto eliminatetheGeneralWaterQuality
StandardandLakeMichiganWaterQuality Standardfor radiumis not acceptablebasedon the
risk radiumposesto aquaticlife, aswell asrisk to municipal infrastructure,POTWworkers,and
humanandwildlife healthatsiteswhereradiumcontaminatedsewersludgeis landapplied. This
risk is well documentedin therecordbeforetheIllinois Pollution ControlBoard. It appearsthe
Agency’sresponseis to try andcastdoubton nationallyandinternationallyacceptedstandards
andmethodologiesfor protectingbiota from theimpactsofradiation,which becamethefocusof
supplementaltestimonyofferedby IEPA staffon 21 October2004; testimonywhichraisedmore
questionsandconcernsthat it purportedto address.

Theagency’sbiologist,RobertMosher,relatedaconversationwhereinhediscussedthe
applicationoftheDOE standardwith StephenDomotor,ChairoftheBDAC. HeclaimedMr.
Domotorcautionedhim againstuseof DOE Standard-i135-2002(hereafter,theDOE Standard)
in thedevelopmentofaWaterQualityStandardbecauseit’~mightbe too conservative~’While the
introductionto Module 3 emphasizestheconservatismofthegradedapproach,theconservatism
theauthorsarereferringto is in thecontextofsite-specificremediation. Thequestionthat
shouldbeaskedis whetherthescreeningcriteriaaretoo conservativeto haveanyapplicationin
developmentofaWaterQuality Standard.In asite-specificremediation,theopportunityexists
to do adetailedinvestigationofon-sitereceptorsandavailablepathwaysofexposure.Thatis
certainlynot thecontextof aGeneralWaterQuality Standard.Theintentof aWaterQuality
Standardis to beprotectiveofall flora andfauna. As expressedin Module3 onpage1 ofthe
DOE Standard,’Sincethescreeninglimits would be chosento protect”allbiotaeverywher~’they
would, by theirnature,berestrictive,andin manycircumstancesconservativewith regards,to
specificenvironments~’SinceGeneralWaterQuality Standardsaremeantto beappliedin ~
watersandprotect~ species,theDOEStandardis, therefore,directlyapplicable. Andsince,if
aWaterQuality Standardis repeatedlyexceededthepartycango to IPCB for anexemption
basedon site-specificdata,this processis directlyanalogousto the gradedapproacharound
which theDOE Standardis built. Furthemiore,in Table3.1, Module 1, pages22-23oftheDOE
Standard,compliancewith theCleanWaterAct is evenidentifiedasoneofthepotentialusesof
theDOE Standard,alongwith SuperfundRisk AssessmentsandNaturalResourceDamage
Assessments,amongothers.



Mr. Mosheralso testifiedthattheunderlyingassumptionsoftheDOE Standardarenotmetby
any’~ipariananimal’thathecouldthinkofotherthanthemanatee,which spends100%ofits time
in thewater. Hearguedthatsincethemanateedoesnotoccurin Illinois, theDOE Standardis
not applicable. Onpage2 ofModule 3 theDOE Standardpointsout that:’~A.fourth [categoryof
organisms],ripariananimal,wasaddedafterrecognizingthattheriparianpathwaysofexposure
combineaspectsofboth theterrestrialandaquaticsystems’Noticethatthis acknowledgesthat
thereare’terrestrialpathway~’forexposure.Theorganismdoesn’thaveto be immersedin the
contaminatedwaterorthecontaminatedsedimentsto be exposed,flooding for example,can
redistributecontaminatedsedimentsin ripariansoils, andorganismscanphysicallyredistribute
contaminatedmedia.Besides,themanateeis actuallyathreatenedaquatic(not riparian)mammal
with averylimited range.TheDOE Standardclearlystatesthatit wasdevelopedto be
applicableat anyDOE-operatedfacility, aswell asto beemployedin thecontextofSuperfund
clean-ups.In otherwords,theDOE Standardexplicitly statesthatit is intendedto bewidely
applicable. Logic thereforedictatestherejectionof Mr. Moshefsargument.While thedefault
valueforthescreeningcriterionj~basedon theassumptionofaonehundredpercentresidence
timefor theripariananimal,for small mammalswith limited homerangeslike mice,voles, and
shrews,thiscriterion is fully met. Somelargermammalianspecieslike muskrats,beaver,otter,
andminkcanalsomeetthis criterion;ascanmanyspeciesofbirdswith highaffinities for
riparianareaslike wadingbirds andwaterfowl. In all thesecasesthe entiredietof thesespecies
comesfrom theriverorstream,whichalsobringstheminto direct contactwithpotentially
contaminatedsediments.In fact,onpage5 ofModule 3, in adiscussionabouthow externaldose
coefficientswerecalculatedtheDOE Standardpointsoutthat:~‘.cnlypenetratingradiation
(photons[gamma]andelectrons[beta])areofconcern,andnon-penetratingradiation(i.e., alpha
particles)neednotbe considered:’ClearlytheIEPA’s contentionthattheDOE Standardassumes
aripariananimalmustspend100%ofits timein thewater,is amisinterpretation.Sinceradium
226 is analphaemitterno externaldosecoefficientis usedin thecalculationoftheBCG for
ripariananimalsfor radium226. Thatnumberis basedalmostentirelyontheingesteddose
(thereareafew shortlived betaemittersin thedecayseriesthat mayhavebeenincludedin the
calculation). ThisobviouslyindicatesthatBDACsdefinitionoñipariananimal’isnot asnarrow
assuggestedby Agencystaff. Theactualassumptionbuilt into theDOE Standardfor radium
226 is that 100%ofananimal’sfoodandwateris takenfrom within theripariancorridor(or
stream).This is anassumptionthatholds for nearlyall speciesoccurringin theripariancorridor,
theonly exceptionswouldbethingslike raccoonsand foxes,wheresomeindividualsmayfeed
partofthetime in uplands.

IEPA staffalsofail to acknowledgethatthescreeningcriteriaderivedusingtheDOE Standard
arevery liberalin thattheyreflectthedosebelowwhichno populationlevel effectshavebeen
observed.Impactsto individuals atexposureswell belowthescreeningcriterionarestatistically
probable.Consequently,thescreeningcriteriondoesnotmeettherequirementsoftheIllinois
EndangeredSpeciesProtectionAct to protectindividualsof listed species.TheGeneralWater
Quality Standardsaresupposedto bedesignedto protectall aquaticuseby wildlife, notjust
protectpopulationsofwhole groupsofspecies(for exampleall small mammals)from extirpation
dueto reproductiveimpairment.

TheDOE standardis very liberalwhencomparedto thestandardbeingemployedto protect
humanhealth. In testimonybeforetheIPCB ahealthphysicistwith MetropolitanSanitary
District ofGreaterChicago,testifiedthat thefederalMCL for drinkingwaterof 5 picoCuries/L
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resultedin anexposureof4 millirems/yearto humans,while theBDAC standardforradium
• resultedin anexposureof42 millirems/hourto ripariananimals.ThecalculatedBDAC

screeninglimit forradiumis clearlynot”overlyconservativ~’asMr. Moshertestified.

Mr. Mosheralso arguedbeforetheIPCB that sincethedischargeofconcentratedradiumwill be
to flowing water,aquaticanimalswould notsuffer from continuousexposuresto radiationfrom

• radiumreleasedto riversorstreams.Rearguedthatreleaseswouldbeintermittenfandtherefore
theexposureassumptionsinherentin theDOEstandardwouldnot apply. This ignoresthefact
thatthe impactsofradiationexposurearecumulativenot threshold-basedlike chemical
pollutants. This line ofreasoningalsoignoresthelikelihoodofsedimentcontaminationwith
radiumandthefateofthatsediment. TheFloridaStudyasnotedin my prior testimonyand
attachedgraphsdocumentsthatradiumlevelsarelikely to dramaticallyincreasethroughtime.
Everyonewho is familiarwith thedynamicsofIllinois’ sediment-strangledwaterwaysshouldbe
awareofthepropensityofsedimentto accumulatein slowermovingpartsofourrivers and
streamsandin sensitive,historicallyproductive,backwaters.Wheresuchsedimentsconcentrate,
sotoo will theradium. Furthermore,the intermittentexposureargumenttotally ignoresfood
chainimpacts,whicharesubstantialgiventhebio-concentrationfactorof3200for radium. The
Agencycriticizedusingdatafrom groundwater-enhancedlakesin Floridabecausetheyarenot
flowing systems,while failing to acknowledgethattheIEPA’s proposalwould eliminatetheLake
MichiganWaterQuality Standardfor radiumaswell andthat theGeneralWaterQuality
Standardwhich is applicableto all waters,including lakesandimpoundedstreamsandrivers.

Thereis alsoanassumptionbuilt into theDOE StandardwhichtheAgencyhastriedto ignore.
Noticeon page5 ofModule3 attheveryend,whentalking abouttheExternalDoseCoefficients
theDOE Standardstates:’Thisassumptionresultsin reasonablyrealisticestimatesofdoserates
for radionuclideswhicharedispersedin thesourcemedium(emphasisadded). Laterwhen
talkingabouttheunderlyingassumptionsin theInternalDoseCoefficientsonpage16 ofModule
3 :‘Theradionuclideswerepresumedto behomogeneouslydistributedin thetissue:’ In other
words,thescreeningcriteriacalculatedusingtheDOE StandardarenotprotectiveAT ALL if
radioactiveparticulatesareallowedinto thestream(orPOTWsthenstreams). If anorganism
picksup a singleparticleit couldreceiveanacuteexposure! If therearemanyparticlespresent,
wholepopulationsandspeciescouldbewipedout. Andwith ahalf-life of 1600yearsit is
difficult to anticipatewhereradiumparticulateswill eventuallyturnup.

So,to protectaquaticlife usesofourrivers andstreamssomewaymustbe foundto limit
radioactiveparticulatesfrom gettinginto streams(orPOTWsthenstreams).If weprohibit
dischargeof radioactiveparticulates,aDOE Standard-calculatedscreeningcriteriamaybe
protective.Howeverif dischargeofradioactiveparticulatesis notprohibited,thecurrent
standardof 1 picoCurie/Lof radium226 (whichis really2 picoCurie/L,radium226 and228
combined),shouldbeleft in place. POTWsthatcari’t meetthat standardcouldstill seekan
AdjustedStandard.

Perhapsthemostalarmingsupplementaltestimonygivenby theAgencywasthat acknowledging
theAgencyhasnevermonitoredits agreementwith theDivision ofNuclearSafetyregarding
landapplicationofradionuclide-contaminatedsludge. TheAgencytestifiedit hadaskedPOTWs
landapplyingsludgeto voluntarilytesttheirsludgefor radioactivityfor the first timethispast
March. This revelationalsobegsthequestionofwhetherPOTWsfrom Illinois’ radiumbelt are
meetingtheradiologicalguidelinesfor sludgedisposalin landfills. TheAgencytestifiedthat

3



radiationlevelsfrom 1.3 picoCuries/g.to 47 picoCuries/g.havebeenreportedsofar. Thelatter
is verycloseto the 50 picoCurie/g.limit imposedby theTDNS/IEPAmemorandumofagreement
for landapplication(thesamelimit in placefor landfill disposal),andthis is without
concentratingtheradiumto meetthenewfederalMCL for drinkingwater. A ChicagoTribune
articlewhich followedthe21 October2004hearingindicatedthattheAgencyhadsentwarning
lettersto five communitieslandapplyingsludge,somethingthe-Agencyfailed to discloseto the
Board. NRC licenseesandDNS licenseesareno prohibitedfrom dischargingradioactive
particulates,yetbecausethereis presentlynoprohibitionagainstwatercompaniesdumping
radiumparticulatesdownthedrain,radiologicalcontaminationofwastewaterfacilities, landfills,
andfarmlandbeyondfederallyallowablelimits may,in fact,beoccurring. It is unfathomable
whytheAgency,with suchdatain hand,wouldproposeto eliminatetheGeneralWaterQuality
andLakeMichiganWaterQuality Standardsfor radium.

TheAgency’stestimonycontinuesto demonstrateapervasive,dismissiveattitudetowardthe
potentialheathandenvironmentaleffectsof aknowncarcinogenandmutagenthathasbeen
demonstratedto bioaccumulatein theenvironment.Takentogetherwith IEPA’s supplemental
testimonythattheyfiledthis proceedingwithoutknowing whatthelevelsalreadywerein
sewagetreatmentsludgein affectedareasofthestate,thattheydon’t actuallyknowhowmany
POTWsareaffectedby radiumcontaminateddischargesfrom watertreatmentplants,andthat
theydo notknow theradioactiveconcentrationsin theTechnologicallyEnhancedNaturally
OccurringRadium(TENORM) (whichcouldbe 10,00to 70,000PicoCuries/gor if the
TENORMwill contaminatethePOTWsreceivingit.. RelianceontheAgency’srecommendation
to eliminatetheradiumstandardscouldeasilybecharacterizedasarbitraryandcapricious,and
wouldnot likely beupheldshouldsuchadecisionbe appealed.

Finally, it is importantto recognizethat eliminationoftheGeneralWaterQualityStandardfor
radiumopensthedoorto otherpotentialdischargesofradiuminto Illinois’ waters. Radioactive
groundwaterfrom a Superfundcleanupcouldbedischargedto a streamwithouttheradium
standardin place(notonly from radiumclean-ups,like thoseatOttawa,IL, butalsofrom any
thorium oruranium-contaminatedsite, sinceradiumisotopeswould bepresentas decay
products).

Basedon theseconsiderationsI recommendtheBoardrejecttheAgency’sproposal.

Sincerely,

Dr. Brian D. Anderson
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December7, 2004

A. Antoniolli
Illinois PollutionControlBoard
Stateof illinois
Suite 11-500
100 W. Randolph
Chicago,IL 60601

DearHearingOfficer Antoniolli,

Severalquestionswereraisedby theReportof SurveyattheWestsideWasteWaterTreatment
Plantin City OfJoliet, Illinois: by RSSIDatedNovember15, 2004which I would like to
address.

First WRT, from thebeginning,hasmonitoredtheradiumcontentandemissionsfrom its radium
removal system. Thepilot plantsystemis representativeof theoperationandrelatedexposures
ofthefull scaletreatmentsystem. Themunicipalworkersin a full scaleplantareexposedto
only asmall increaseabovebackgroundandwill be trainedandadvisedofthatexposure. The
expectedexposureto amunicipalworkeris estimatedto beapproximatelythreemillirem per
year,assumingthatonepersondoesall ofthemonitoringtaskwhich is unlikely. (seeattached
excerptfrom IDNS application)Thethreemillirem exposurerepresentsonly 3 percentofthe
maximumexposureallowedto amemberof thegeneralpublic from alicensedfacility. Most
importantlywewill bemonitoringtheexposureto workersandwill knowif an exposure
problemoccurs.

In contrast,accordingto thetestimony,no exposureestimateshavebeenmadefor water
treatmentpersonnelfor exposuresresultingfrom theHlVIO ortheION Exchangeprocess.
Testimonyfrom TedAdamsandBrian Andersonclearlydemonstratestheexposureto workers
andbiotafrom unrestraineddisposalof radiumto ourstreamsandsewerscanclearlyleadto
exposuresthatmaybeharmfulto bothhumanandbiota. Thefailure of both theIEPA to evenbe
awareofthe levelsof radiationthatcouldoccuron theradioactivesolidsfrom aH?s’IO processis
disappointing.

RSSIconclusionthattheWRT processwill needthreeto four stagesin thefull scaleplantis
incorrect. Thetypical full scaledesigncallsfor aminimumdepthof 6 feetofmediaperstage
comparedto a pilot plantthat hasonly two feetofmediaper stage.Therefore,thetypical stagein
afull scalesystemhasthreetimes themediafor agiven flow ratethanthepilot plants. Eachof
theWRT plantsis designedforthespecificapplication.

FROM SOURCE TO SOLUTIONTM
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Joliet’ sassertionthattheremaybearadonproblemwith ourprocessis disingenuouswhentheir
ownresultsaftersix monthsoftestingby Jolietpersonnelof oursystemshowsthereis no
evidencethatradonis anyhigherafteroursystemthanbefore. (SeeRSM ExtendedPilot- WRT
RadonResults,providedby Joliet.)

Also attachedareJoliet’s resultsoftheJolietPilotPlantwhich indicatesthat theradiumin the
feedaveraged13.5 pCi combinedRa226 andRa 228 andhadahigh of 16.4pCi Racombined
while thedischargeaftertheWRT pilot plantwasaverage0.28 pCi Racombinedwith ahigh of
0.8 pCi Racombined. Recoverywas98%of thecontainedradium.

Removingradiumfrom thewaterandconcentratingtheradiuminto aconcentratedform prior to
disposalis a fundamentalchangefrom simplypassingtheradiumthroughthesystemashasbeen
historically occurring.While thetotal amountofradiummaybeunchangedtheform of that
radiumis entirelydifferent. In thecaseof HIVIO theparticulatesof very high radiumcontentwill
bedischargedto the landandstreamintact,andmayvery well havesignificantconsequencesto
boththe aquaticandlandbasedbiota. Most surprisingof all is thefactthat this rulechangeis
beingrequestedwithout thestudiesthatdemonstrateno impactandin thefaceof studiesandreal
life examplessuchastheFlorida lakesandElliot Lake,Canadawhereaveryrealimpacthas
beenmeasured.

I would like to thanktheIllinois PollutionControlBoardfortheopportunityof expressingour
opinionon thisvery importantissue.

Sincerely,

CharlieWilliams
PresidentWaterRemediationTechnologies
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RSM ExtendedPilot

WRT Radon Results,provided by Joliet
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Strand AssoCiates, InC.
City of Joliet
Pilot Study

Friday, 6/18/04

Wednesday, 6/23/04

Friday, 7/2/04

Wednesday, 7/7/04

Monday, 9/27/04
Monday, 9/27/04

Thursday, 9/30/04

Friday, 10/1/04

Monday, 10/11/04

Monday, 10/18/04

Monday, 10/25/04

Monday, 11/1/04

Monday, 11/8/04

Monday, 11/15/04

Monday, 11/22/04

30-day vendor pilot

Friday, 6/18/04

Wednesday, 6/23/04

Friday, 7/2/04

Wednesday, 7/7/04

Well 9-D
Raw WRT

Result Result
pCi/L ±

20 pCi/L ±20

TM

130 120

130 110

140 150
‘~ ~Jr’t~_’~ LI OLILU ~

150 130

RSM Extended Pilot - WRT Radon Results

Well 9-D WRT
pCi/L ±

20 pCi/L ±20
130 120

130 110

140 150

150 130

180
190

160

110 120

140 140

140 120

160 190

140 130

Before pressurization
After pressurization
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Table22-2
Full Scale Radium Removal System
Estimated Annual Dose to Operators

Illinois —

Typical Treatment Systems
- 1,000gpm well with two 15-ton stages of media
- Maximum total-radium activity of StageI = 3,000pCi/g, 1,500pCiIg each Ra-226and Ra-228
- 3-year media life
- Estimatedaverage dose rate is for the last year prior to exchange of Stage I media
- The annual dose is based on one person performing all the tasks

.

Distance
from Tank

(m)

Task
Duration.

(mm)
Task

Frequency

Total
Task
Time
(hr/yr)

Estimated
Dose
Rate

(mrem/hr)

Estimated
Annual

Dose
(mrem/yr)

flow and pressure
3.0 3 5 daysfwk 13.0 0.023

-

. 0.3
inspection . 1.5 4 5 daysfwk 17.3 0.055 1.0

external filter . 1.5 10
every 2
weeks 4.3 0.055 0.2

survey meter
1.0 3

.

2times/mo 1.2 . 0.082 0.1
water

3.0 4 2times/mo 1.6 0.023 0.04
task time within

1.5 5 5 days/wk 21.7 0.055 1.2
task time within

4.0 30.0 0.015 0.5

Average 89.1 0.037 3.3
Notes:
1. Based on instrumentation and remote readout for pressures and flows
2. Utility operators will not handle treatment media
3. Source of estimated dose rates - MFG, Inc. Dose Rate Calculator

IL DNS — RadioactiveMaterialLicenseApplication
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Exhibit 22-1

MEMORANDUM

MFG PROJECT: 181050

TO: DuaneBollig
EnvironmentalManager
WaterRemediationTechnology.LLC.

FROM: JanJohnson,Ph.D.
CraigLittle, Ph.D.
MPG, Inc.

DATE: September20,2004

SUBJECT: CalculationofWaterTreatmentTankExposureRate— 3-yearmedialife case

Thedoseratesfrom a watertreatmenttank at full capacitywerecalculatedassumingareceptor
atthe surfaceofthetank andatseveraldistancesfrom the surfaceof the tank. The calculated
dose rates are based on very conservativeassumptionsand simplifications that result in
uncertaintyin thenumericalvaluesoftheestimates.Theseestimatesareprovidedin orderto
project the ‘upper limit of potential dosesto workers. The estittiateddosesshould not be
construedasrepresentingtheactualdosesthatworkersmayincurfromtheWRT watertreatment
technology. Whentheequipmentis in operation,dosesto workersandmembersofthepublic
will bedeterminedusingareagammaexposureratemeasurementsandpersonaldosimeters.

Dose atSpecificDistancesfrom theTankSurface

Calculationof doseratesfrom point sources,line sources,andplanesourcescanbe doneby
employingstandardequations.However,estimationofthedoseratefrom a solid sourcewith
finite dimensionssuchas thewatertreatmenttank is not a straightforwardcalculationbut one
that requiresmaking somesimplifying assumptions.Our approachto this problemis consistent
with the recommendationsof standardtexts. For example,thefollowing is an excerptfrom a
recenthealthphysicstextbook.

“Many radiationsourcescan,with easeand utility, berepresentedasa point or anapproximate
point source; however,many real-world situationscannot: for example, long pipes or tubes
(typical of a line source),contaminatedareas(representativeof a disc or infinite planarsource),

IL DNS — Radioactive Material LicenseApplication
Full ScaleRadium-RemovalSystem
September,2004
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and variousvolume sources.Fortunately,variouspracticalcalculations,someofwhich arefairly
complex,canbeusedto determinethephotonflux, whichcanthenbe appliedin theusualway to
calculateradiationexposure.Suchcalculationsare generallyconservativein that they tendto
overestimateexposure,but considerablesimplificationofthecalculationsis obtainedanderrors
in theestimatesarenot large.” “Volume sourcessuchaslargedrums or tanksof radioactive
material producescatteredphotons due to self-absorptionby themedium in which they are
produced good information canbe obtainedfor suchgeometriesby dividing themup into
severalpoint-sourcesubdivisionsand summingthecontributionsof each.”(From “Physicsfor
RadiationProtection”,JamesE. Martin, Wiley andSons,2000:)

Our calculationmethodfor theradiumremovaltank systemtakessuchan approach.Basedon
informationprovidedby WRT, thetankwas assumedtobe acylinder 11’ feetin diameterand20
feet tall with two chambers,a lower stage(Stage1) andanupperstage(Stage2). Eachstage
contains15 tonsoftreatmentmedia. Typically, for a fully-utilized waterwell, WRT expectsa
stageofmediato haveapproximatelya two-yearlife beforerequiringexchange.The following
examplemodels a somewhatmore conservativescenarioin which a well is only partially
utilized, resultingin alongerlife for a stageofmedia— threeyears. This scenarioalsoresultsin
a slightly higher averageactivity in both stagesofthemedia during the lastyearprior to the
exchangeofmedia. The fully-loadedmediastagein thetankwasassumedto be changedouton
athree-yearschedule(oneofthetwo stagesin a tankis exchangedevery1.5 years). At the time
ofeachexchange,thelower stage(Stage1) will beremovedandtheupperstagecontents(Stage
2) physically movedto thelower chamberbecomingthenewStage1 ofthe treatmentcolumn.
Freshmediawill be installedin Stage2.

The maximumradium loadingwas assumedto be achievedin Stage 1 after three yearsof
operation. Basedon results from WRT’s pilot-scale testing at municipal well sites, it’s
reasonableto expectthemediain Stage1 to adsorbatleast1.5 timestheamountofradioactive
material adsorbedby Stage2 during thesameperiodoftime, understeady-stateconditions. At
the timeoftheexchangeofStage1, whenits activity is assumedto beat theproposedmaximum
of 3,000pCi/g total radium, themaximum loading in Stage2 would be approximately40
percentofmaximumloading,

The maximumconcentrationsin thetankwould occurat theendofthethird yearofoperationin
eachcycle. Forthis dose-rateestimate,theactivity concentrationin Stage1 atthestart of the
third yearwasassumedto be 60 percentofthemaximumloading and100 percentat the endof
the year. The averageloading in Stage1 would then be approximately80 percentof the
maximumor2,400pCilg. Theactivity concentrationin Stage2 at thestartofthe third yearwas
assumedto be approximately13 percentofthe maximumloading and40 percentat the endof
the yearfor an annualaverageof approximately27 percent(800pCilg). Averagedoserates
wereestimatedfor thethird andlastyearbeforethemediain StageI is exchanged.

As notedabove,the calculationof exposureratefrom a sourcesuchas thewatertreatmenttank
is not straightforward. For the purposeof thesecalculations,eachstagewas assumedto be
configuredinto six cylindrical disk elements,each 1 foot thick, stackedvertically. The disc
elementswere assumedto havean inside radius one foot smallerthanthe outsideradius (the
radiusofthe tank). The gammaradiationemittedby theloadedmediaata depthgreaterthan

IL DNS — RadioactiveMaterialLicenseApplication
Full ScaleRadium-RemovalSystem
September,2004 56



one foot into the tank was assumedto be negligible,suchthat the remainderof eachdiscwas
ignoredfor thepurposesofthis calculation. Self-shieldingwould reducethe dosecontribution
for the remainderof eachdisk to lessthan 1% of the total. Eachdisc was divided into 16
segments.Thereceptorwas assumedto be locatedat specificdistancesfrom the surfaceof the
tank, rangingfrom 0.5 metersto 3 meters,ataheightof 3 feet abovethebottomsurfaceof the
adsorberin the tank. Only the segmentsof the disc facing the receptor were assumedto
contributeto dose.

The gammaemissionratefrom eachof the segmentsin eachstagewas calculatedbasedon the
totalmassofthematerial in thesegmentandthe,assumedactivity concentration,2,400pCilg Ra-
226 andRa-228for Stage1 and800pCiig for Stage2.

For the purposeof calculatingthe emission“flux” at the receptorattributableto each of the
segmentsor elementsin thedisc, thetotal activity in eachelementwas assumedto be contained
in apoint sourceat the centerof the surfaceof the element, The“flux” (d/spercm2) from each
elementat thereceptorwasestimatedby dividing thetotal disintegrationrateby the surfacearea’
of a spherewith a radiusequalto the distancefrom the centersurfaceof eachelementto the
receptor. Thetotal activity wascalculatedby multiplying themassofmaterialin the elementby
theactivity concentration.

“Flux” = A/4itd2 where: A = activity in thesegmentin d/s
d = distancefrom thesegmentto thereceptorin cm

Activity = massof theelementx theaverageactivity concentrationfor thestage

The distancefrom eachelementor sourceto the receptorwas calculatedusing trigonometric
relationshipsas describedin the attachedExcel spreadsheetsandtheFigures. It shouldbe noted
that thisis not a true gammaflux, becauseeachdisintegrationof Ra-226andRa-228resultsin
emissionof severalgammas. However, this is a convenientway of expressingthe amountof
electromagneticenergyin the form of gammaradiationthatpassesthroughan areaof 1.0 cm2,
persecond.

The doserate was calculatedby multiplying the ratio Of the calculatedflux from the water
treatmenttankto the flux from a point sourceof 1 MBq of Ra-226or Ra-228by the literature
value (Handbookof Health Physicsand RadiologicalHealth) for the doserate from a point
sourceof 1 MBq ofRa-226orRa228. The decayproductsofRa-228andRa-226wereassumed
to be in equilibrium with the parent,that is, the activity concentrationof each of the decay
productsis equalto the activity concentrationof the parent. This is a reasonableassumption
sinceequilibrium would be reachedfor both radium isotopeswithin a few weeksof radium
adsorptiononto themedia.

Doserate(tank) (D):
D = [(flux from tankatreceptor)/(fluxfrom 1MBq at lm)]{dose rateat im from 1MBq]

The calculationsaregiven in theattachedExcel spreadsheets.
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DoseRateAt the Surfaceof the Tank

In contrastto thecalculationof doserateatonemeterfrom the surfaceof the tank, thedoserate
at the surfacecan be estimatedby simply assumingthat the tank is aninfinitely thick, infinite
planesource. The annualaveragedoserateatthe surfaceofStage1 was calculatedassumingan
annualaverageRaactivity concentrationof 2,400pCi/g (1,200 pCilg Ra-226and 1,200pCi/g
Ra-228). A reasonableapproximationof the doseratescan be obtainedfrom the valuesgiven
for theseisotopesandtheir decayproductsin EPA FederalGuidanceNo. 12 that containsdose
conversionfactorsfor externalradiation.

The doseratefrom aninfinitely thick, infinite planesourceof Ra-226andits decayproductsin
equilibrium is 1.3 microremper hourperpCilg. The valuefor Ra-228in equilibrium with its
decay productsis 1.8 microrem per hour per pCilg. These values were calculated for
contaminatedsoil. However,theyareprobablyreasonablyapplicableto themediain thewater
treatmenttanks.

The total doseat the surfaceof anunshieldedsourcewith thesetwo radiumisotopesat activity
concentrationsof pCi/g eachwouldbeasfollows:

Ra-226doserate= (1,200pCilg)(l.3 ‘uRfhr/pCi/g) = 1.56mremThr
Ra -228doserate= (1,200pCilg)(1.8uRlhr/pCilg) = 2.16mrem/hr

Thetotal averageannualunshieldeddoseratewouldbeapproximately3.72mrem!hr. Assuming
a shieldingfactorof approximately0.8 for the tankwail, the doseratesfor Ra-226andRa-228
forwouldbeapproximately1.2mrem/hrand1.7mremlhrrespectivelyfor a totalof2.9 mrem/hr.
The shieldingfactorwas obtainedfrom Ra-226transmissioncurvesin theHandbookof Health
PhysicsandRadiologicalHealth(1999). Theactivity concentrationin Stage1 (lower stage)of
the tankwas usedin the surfacedosecalculationas the worker is morelikely to contactthe
groundlevel stagethantheupperstageandit isthemostconservativeassumption.

DoseRates at Intermediate Distances

Thedoseratesatdistanceslessthan1 meterfromthe surfaceofthe tankshouldnotbe calculated
in the samemaimeras the doseratesat 1 meterbecausethe uncertaintyresulting from the
assumptionsthatwererequiredto beusedin the calculationswouldhaveamuchgreaterimpact
on the estimateddosethanfor the 1.0metercalculation. Thecloserto the sourcethereceptoris
placedthegreaterthe error in the calculation. Oneapproachcouldbeto interpolatebetweenthe
calculatedsurfacedoserateandthe estimated1.0meterdoserate. A secondapproachwouldbe
to useinversesquarelaw to calculatethedoseatdistanceslessthan 1 meter.
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Summaryof DoseRates

The calculatedor estimatedannualaveragedoseratesfrom the tankassuminganaveragetotal
radiumactivity concentrationin Stage1 during its lastyearin the treatmenttankof 2,400pCi/g
and800pCi!g in Stage2, both equallydividedbetweenRa-226andRa-228aregivenbelow:

Table 1: EstimatedDoseRatesat SpecifiedDistancesfrom theSurfaceof theWater
TreatmentTank

Distance Ra-226DoseRate
(mremlh)

Ra-228DoseRate
(mremlh)

Total DoseRate
(mremlh)

Surface 1.25 1.73 2.98
0.5m’ 0.639 0.890 1.53
0.5 in2 0.124 0.204 0.328
1.0 m 0.031 0.051 0.082
1.5 m 0.021 0.034 0.055
2.Om 0.015 0.024 0.039
2.5m 0.011 0.018 0.029
3.0 m 0.009 0.014 0.023

‘Interpolatedvalue
2lnversesquarevaluebasedon calculated1.0m dose

PotentialDosesto Workers

Workerswill be equippedwith personaldosimetersat leastuntil the negligibledosescalculated
aboveareverified by the dosimetrydata. Workerswill beinstructednot to linger in the vicinity
of the tank. Radiationdosesto workersand membersof the public will be kept As Low As
ReasonablyAchievable(ALARA).

The maximuma1lowab1~doseratein areaswheremembersof the’ public might haveoccasional
accessis 2 mrem perhour. The estimateddistanceat which this would occurat the average
medialoading for thesecondyearof operationis approximately0.5 meters. Themaximumdose
rateat theendofthe secondyearof operationwouldbe 10 percenthigherthantheloadingused
in calculatingthe ‘doseto aworker. However,this would not changethe estimateddistanceat
which theallowabledoserateto amemberof thepublic would be exceeded,0.5 meters. This
distancewill be verified using measuredexposurerates. As notedabove,exposureratesin the
treatmentfacility and at the surfaceof the tank will be measuredat least monthly after the
treatmentfacility goesinto operation..

The estimateddoserateat thesurfaceofthe tank is 3.3 mremlhour. This doesnot exceedthe
doserateatwhichpostingas aRadiationAreais required;howeverit doesexceedthe doserate
that is acceptablefor membersof thepublic. Therefore,thewatertreatmentoperatorsmustbe
consideredradiationworkers eventhoughthe estimatedannualdoseto theworkeris below the
allowableannualdoseto amemberofthe public. This meansthat all workerswhohaveaccess
to the treatmentfacility must be appropriatelytrained and the facility must develop and
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implementa programto keepradiationdosesAs Low As ReasonablyAchievable(ALARA).
TheRadiationSafetyOfficer (RSO) for WaterRemediationTechnology(WRT) will serveasthe
RSOfor eachfacility using its equipment. If themeasureddosesto all individual workersat the
treatmentfacility arebelow 500 mremperyear, no individual dosetracking will be required.
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SchematicRepresentationofWaterTreatmentTank
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