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COMMENTS SUBMITTED ON BEHALF OF
THE CITY OF JOLIET

Introduction

TheIllinois EnvironmentalProtectionAgencyproposedarevisedwaterquality
standardfor combinedradium226 andradium228. Theirproposalofno numeric
standardexceptfor a waterquality standardof 5.0pico-curiesper liter combinedradium
226 andradium228 at watersupplyand foodprocessingintakesprovidedthenecessary
protectionsfor thepublic andwasconsistentwith thestandardsadoptedby otherstates.

The Illinois EnvironmentalProtectionAgencyproposalhadbeenthesubjectof
two public hearingswhenWaterRemediationTechnologies,LLC decidedto requestan
additionalopportunityto participatein theproceedings.WaterRemediation
Technologies,LLC attemptedto discredittheIllinois EnvironmentalProtectionAgency
proposalusingeachandeverymethodpossible. WaterRemediationTechnologies,LLC
would createadditionalopportunitiesfor substantialprofit if alternateradiumwater
treatmentmethodscannotcomplywith a regulationresultingfrom theirparticipationin
theprocess.

Theproposedrule subjectto this first notice is apparentlyan attemptby theBoard
to proposearule that addressedtheconcernsexpressedby WaterRemediation
Technologies,LLC andyet atthesametime providereliefto thepublicly owned
treatmentworksdischargingwastewatercontainingcombinedradium226 and228. The
proposedgenerallimitation of3.75 pico-curiesper liter is consistentwith theinformation
presentedby WaterRemediationTechnologies,LLC. andthe30 pico-curiesper liter
limitation for thefirst mile downstreamfrom awastewatertreatmentplant receiving
influent including from awell systemcontainingradiumappearsto providereliefto the
dischargerif adequatedilution ofthewastewateroccursin the first mile.

TheUnited StatesEnvironmentalProtectionAgencyin their June10, 2005 letter
to theHearingOfficermakesit clearthat theproposedrule will notbe approvedby the
USEPA. No justificationhasbeenpresentedfor adoptinga generallimitationof 3.75
pico-curiesperliter and providingan alternatestandardof 30 pico-curiesperliter
downstreamfrom thewastewatertreatmentplants. TheUSEPAalsopointsout that there
is no nationalcriteriarecommendationsforthedevelopmentof aradiumwaterquality
standardto protectaquaticlife orwildlife. By usingUSEPA methods,thereis
insufficient datato supportthederivationof eitherthe3.75 pico-curies or 30 pico-curies
per liter proposedin this rule.

As resultof theUSEPAletter, theBoardwill haveto decidewhetherto adopta
standardthat will insureWaterRemediationTechnologies,LLC an increasedmarketfor
their servicesin Illinois or to adopta standardconsistentwith theoriginal lEPAproposal
which wasto providerelief from thecurrent1.0 pico-curieper liter requirement.



WastewaterPlantDataCollectionandAnalysis

TheCity ofJoliet organizedtheeffortsof watersuppliesandwastewater
treatmentagenciesto respondto thefirst noticeproposal.Theintentof organizingthe
agencieswasto obtainadditional samplingresultsto presentto theBoard.

Joliet usedthefollowing procedure:

1. Listingsofthewatersuppliesthat exceedthedrinking waterstandardof 5.0 pico-
curiesper liter wereobtained.

2. Thewatersupplieswerematchedwith wastewatertreatmentplants.

3. Listingsof thedischargepoint andaverageflow from thetreatmentplantswere
obtained.

4. Thesevenday 10 yearlow flow from thereceivingstreamswasobtainedfrom
mapspreparedby theIllinois StateWaterSurvey.

5. WastewaterPlantsdischargingto streamswith a0.0 c. f. s. sevenday 10 yearlow
flow morethan 1.0 milesdownstreamof theirdischargelocationwereidentified.
This circumstanceresultsin thewastewaterplantbeingrequiredto discharge
effluent complyingwith the3.75 pico-curiesper liter standardproposed.

6. Thewatersupplycombinedradium226 andradium228 concentrationswereused
astheinfluent valueto thewastewatertreatmentplants.

7. Theeffluentconcentrationswereestimatedbasedon 20%,50%and80%removal
in thewastewatertreatmentplant.

Fourteentreatmentplantswereidentifiedashavingpotentialproblemscomplying
with theproposedstandards.Mostof theproblemswereidentifiedin theconditionof
havinglow radiumremovalin the treatmentplant (20%)andinadequatedilution
downstream.Tenplantshadpotentialproblemsbasedon 50%removalof radiumin the
wastewatertreatmentplant.

Joliet contactedthesewastewaterplantsandencouragedthemto collect samples
andprovideJoliet with theresults. Joliet distributedthesamplingresultsto theservice
list. Oneadditionaltreatmentworksprovidedinformationto Joliet on August4, 2005.
Exhibit I includesthedistributedresultsandtheresultsreceivedafterdistribution.

A reviewoftheresultsfor thefive plantsthat providedinfluent andeffluent data
indicatesthatremovalsvary widely. Twenty-threereportswereprovidedof influentand
effluent samplescollectedat thesametime. Fifteenof thesereportswerefrom thesame
community. Thedatais summarizedasfollows:

Averageinfluentconcentrationall data 9.09 pico-euriesper liter
Averageeffluent concentrationall data 4.84 pico-curiesper liter
Averageremoval% 45.6%
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Sincefifteen reportswerefrom thesamecommunity,that community’ssamples
influencedtheaverage.A separateanalysisusing theaverageinfluent andaverage
effluentfor eachofthefive plants. Theresultsareasfollows:

Influentconcentration 8.96pico-curiesper liter
Effluent concentration 4.69pico-curiesper liter
Removal% 47.6%

Otheranalysisalsoindicatesthat theanticipatedremovalof radiumin a
wastewatertreatmentplant is 45-50%. Basedon an influent of8.96 -9.09, 50%removal
resultsin effluent with acombinedradiumconcentrationof 4.44-4.54pico-curiesper
liter. Forplantsdischargingto astreamwith asevenday 10 yearlow flow of 0.0 c~is.,
this exceedstheproposed3.75 standard.Usingthis influent range,plantsmustremove
approximately57%oftheradiumto meettheproposedstandard.

AnticipatedImpacton WastewaterTreatmentPlants

Usingthe50%removalofradiumin awastewatertreatmentplant, nine
wastewatertreatmentplantshavebeenidentifiedto havethepotentialto violatethe
proposedstandard.Theconcentrationoftheradiumin thewatersupply,the50%
removalandthedischargeto astreamwith inadequatedilution in thefirst mile
downstreamresultsin a concentrationthat exceeds3.75 pico-curiesper liter afterone
mile. Manyoftheseplantsrepresenttheentirestreamflow duringdry conditions. Plants
withoutsignificantdilution in thefirst mile must effectivelymeetthe3.75 pico-curiesper
liter at theirdischargepoint.

Additional wastewatertreatmentplantswould violatethe3.75 pico-curiesperliter
proposedstandardif theBoarddoesnotproceedwith the30 pico-curiesperliter alternate
standardbecausetheUSEPA’sobjects.No specificestimateofthenumberofplants
impactedhasbeendeveloped.

Theproposedstandardis written requiringcompliancewith thewaterquality
standardunderall flow conditions.Joliet is awarethat theuseof annualaverageflow
conditionsmaybeproposedasan alternate.Theuseof theannualaveragewould reduce
thenumberofplantswith potentialviolations from nineplantsto a lessernumberThe
numberofplantsis expectedto rangebetweentwo andsix. This would resultfrom the
useof annualaverageflows, estimatedat43,560cubicfeetperacrewith a background
concentrationofcombinedradiumof 1.0pico-curiesper liter, to determinetheaverage
radiumconcentrationin lieu of thesevenday 10 yearlow flow. Someofthesmaller
plantsmayhaveadequatedilution to meetthe3.75 pico-curiesattheirdischargepoint
undertheannualaverageapproach.
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AnticipatedImpacton Non-wastewaterTreatmentPlantDischarges

Thereis oneotherissuethat wasincludedin therecordoftheproceeding,but was
not addressedin theproposedstandard.Thereareotherradiumdischargesin Illinois that
do not originatefrom wastewatertreatmentplants. Deepwells are usedfor irrigationof
golf coursesandagriculture. Deepwells in communitiesusingradium-bearing
groundwaterpumptheirwells to thestormsewersand otherdrainagewaysduringtesting
andat start-up. CommunitiesusingLakeMichiganastheirwatersourcehaveretained
deepwells asan emergencysupply. Thesewells arepumpedto stormsewersandother
drainagewayswhenthewells areexercisedto verify operations.Firehydrantsare
flushedon aregularbasisandwill dischargedrinking waterwith aconcentrationless
than5.0 pico-curiesperliter, but greaterthan3.75 pico-curiesperliter.

Sincethis waterdoesnotpassthroughawastewatertreatmentplant, it is not
eligible for the30 pico-curiesper liter standard,butmustmeetthe3.75 pico-curiesper
liter at thepoint of discharge.This waterhasnot receivedanytreatmentandradiumis
dischargedat theconcentrationthat is pumpedfrom theground. Concentrationsin wells
in Joliet that dischargeto locationswith no dilution at thedischargepoint areincludedin
Exhibit 1. Irrigationwells andstandbywells in LakeMichigancommunitieshavesimilar
concentrations.

Theuseof an annualaveragestreamflow doesnotprovideanyreliefto thedeep
well situation. TheWilliamson AvenueWell in Joliet would requireflow from other
sourcesequivalentto therunoffof approximately900 acresandhavinga radium
concentrationof 1.0pico-curiesperliter or less. Thelocation of thestorm sewerserving
this location doesnot provideany opportunityfor dilution ofthis magnitude. Otherwells
in Joliet requirelargevolumesfor dilution aswell.

IEMA-IDNS Standards

The Illinois EmergencyManagementAgency,Division ofNuclearSafety
providedcommentsin this proceedingstatingtheir positionthat theprotectionofbiota
from radiationexposurewasnot theoriginal intent ofgeneralusewaterquality standards.
Biota hasbeenprotectedfrom otherconstituentsby waterquality standards,butnot from
radiation. TheDivision ofNuclearSafetyproposeda limit of 60 pico-curiesper liter.

In spiteofthecommentsfrom stateagencywith themostknowledgein this area,
theBoardgavegreatweightto thetestimonyprovidedby WaterRemediation
Technologies,LLC andignoredtheDivision ofNuclearSafety’srecommendation.

Joliet providedsupportfor theIllinois EmergencyManagement,Division of
NuclearSafetyproposalin ourpost-hearingcommentsfile in December2004. Eli Port,
CertifiedHeathPhysicistcalculatedthelimit that is protectiveofbiota at 64 pico-curies
per liter andrecommendedthe60 pico-curiesperliter Illinois EnvironmentManagement
Agencylimit asbeingprudent.
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Habitatfor SensitiveBiota Not Present

Although no informationhasbeenpresentedto indicatethat thedischargeof
watercontainingradiumhasharmedwildlife in Illinois, theproposedstandardappearsto
be intendedto protectwildlife. Thedischargesfrom identifiedwastewaterplantswith the
potentialto violatetheproposed3.75 pico-curiesper liter standardareto streamswith
sevenday tenyearlow flows rangingfrom 0.11 to 3.0 c. £ s. atthepoint that the3.75
pico-curiesper liter would apply.

Whenplantsthat couldcomply if an averageflow wasusedto determine
compliance,thesevenday tenyearlow flows rangefrom 0.11 to 0.24 c. f. s. The
dischargesfrom thewastewatertreatmentplantsexpectedto violatetheproposed
standardrangefrom 0.05 to 0.24 c. f. s. It is unlikely that sensitivespecieslive in the
receivingstreamsoftheseplants.

Joliet askedDonBlancher,PhD ofToxicologicalandEnvironmentalAssociates,
Inc. to reviewthehabitatfor muskratsandtheavailabilityofhabitatin Illinois. The
reviewis attachedto thesecommentsasExhibit 2. Dr. Blancherdeterminedthat low
flow streamsrepresentpooror unsuitablehabitatfor specieslike muskratandthe length
of timefor exposurein theseareaswould be minimal. This determinationwasbasedon
theU.S. FishandWildlife ServicesHabitatSuitability IndexModel for Muskratwhich
indicatesthat muskrathabitatis in streamswith flow ratesof 0.4 c. £ s. to 30 c. f. s. in
waterswith depthof greaterthan 18 inches. Dr. Blancheralsoreviewedthe low flow
streammapsprovidedby theIllinois StateWaterSurveyand theNationalWetlands
Inventoryfor areaswith radiumdischarges.

TheBoardhasproposeda standardto protectspeciesthat do not live downstream
of impactedtreatmentplantsin Illinois. Without thesensitivespeciesliving downstream
ofwastewatertreatmentplants,thereis no reasonto establishsucharestrictivestandard.
TheIllinois EmergencyManagementAgency,Division ofNuclearSafetyproposalof 60
pico-curiesis appropriate.

As Joliet proposedin previouscomments,if theBoardis uncomfortablewith the
60 pico-curiesperliter proposal,a safetyfactorcanbe applied. If a safetyfactorof 2.0
wasapplied,theproposedwaterquality standardwould be 30 pico-curiesperliter. This
standardwould not impactwastewaterplants,would allow irrigation andotherdirect
dischargesof well waterto continueandprovidethenecessaryprotectionof thestreams.

COSTSOF COMPLIANCE

Throughouttheseproceedings,WaterRemediationTechnologies,LLC has
indicatedthat theirradiumremovalprocessis costcompetitivewith otherwatertreatment
processes.Joliet requestedStrandAssociates,Inc. to preparea costanalysiscomparing
thetechnologyusedby WaterRemediationTechnologies,L.L.C. to theco-precipitation
ofradiumwith hydrousmanganeseoxidemethod. Exhibit 3 is thecostanalysis.
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Theanalysisreachedmanyconclusions.Conclusionssignificantto these
proceedingsareasfollows:

1. Co-precipitationof radiumwith hydrousmanganeseoxidehasbeen
demonstratedto be effectivein severalfull-scaleplants,while theWRT
processjustrecentlystartedfull scaleoperationsin onecommunityin Illinois.

2. ThecostsoftheWRT processaregreaterthanthecostsofhydrous
manganeseoxide(HMO). For thefirst yearof a 20 yearoperatingperiod,
WRT is anticipatedto cost 14.8%morethanHMO. Thelastyearofa 20 year
operatingperiod,WRT is anticipatedto costbetween23.0%and33.7%more.
Thefirst yearcostdifferencefor Joliet wouldbeapproximately$37,000per
year. Thelastyearcostdifferencerangesbetween$645,000and$1,045,000.
Although thefirst yearcostdifferencesdo not appearsignificant,annualcost
increasesgreaterthan23%are significantwhenpassedalongto consumers.
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Summary

A reviewoftheavailableinformationin this proceedingcanbe summarizedas
follows:

1. Thecurrentstandardof 1.0 pico-curiesperliter Radium226 is not beingmet
in Illinois and mustbe revised.

2. TheUSEPAhasnot developedandis not developingwaterqualitystandard
guidancebasedon atechnicalorscientificjustification that will supporteither
the3.75 pico-curiesper liter or the30 pico-curiesper liter standard.The
USEPAwill not approvethestandardas currentlyproposed.

3. Theoriginal Illinois EnvironmentalProtectionAgencyproposalof5.0 pico-
curiesper liter atwater supplyandfoodprocessingintakesandno numeric
standardas ageneralusewaterquality standardprovidesthenecessary
protections.

4. TheIllinois EmergencyManagementAgency,Division of NuclearSafety
standardfor dischargefrom facilitiesthat theyregulateis 60 pico-curiesper
liter.

5. Thecurrentproposaldoesnot providetheintendedrelief to thecurrent
dischargersofradium.

6. No increaseddischargesofradiumwill occurastheresult ofestablishinga

standardin therangeof 30-60pico-curiesper liter.

7. Wildlife in Illinois is at not risk dueto radiumdischarges.

8. Communitiesthathavecompliedwith the5.0 pico-curiesperliter drinking
waterstandardwill faceadditionalcoststo supplywith a standardthat does
not improvetheenvironmentif theproposedstandardis approved.This
would beawasteofpublic funds.

9. Communitiesin theprocessofcomplyingwith thedrinking waterstandard
shouldnot faceadditionalcoststhatothercommunitieshavenot incurred
without a commensurateimprovementin theenvironment.

CHO2/22403493.1
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CERTIFICATE OF SERVICE

Theundersignedcertifiesthat he hasservedupontheindividualsnamedon theattached

NoticeofFiling true andcorrectcopiesof COMMENTS SUBMITTED ONBEHALF OF THE

CITY OF JOLIET by First ClassMail, postageprepaid,on August 15, 2005.



R 04-21 SERVICE LIST

DeborahJ. Williams
StephanieN. Diers
Illinois EnvironmentalProtectionAgency
1021 N. GrandAvenue,East
P.O. Box 19276
Springfield, IL 62794-9226

DennisL. Duffield
City ofJoliet
DepartmentofPublicWorks & Utilities
921 E. WashingtonStreet
Joliet, Illinois 60431

Albert F. Ettinger StanleyYonkauski
EnvironmentalLaw & Policy Center Illinois DepartmentofNaturalResources
35 EastWackerDrive, Suite1300 OneNaturalResourcesWay
Chicago,Illinois 60601 Springfield, Illinois 62702-1271

MatthewJ. Dunn
Office of theAttorneyGeneral
EnvironmentalBureau
188 WestRandolph,

20
th Floor

Chicago,Illinois 60601

RoseMarieCazeau
Officeof theAttorneyGeneral
EnvironmentalBureau
188 WestRandolph,

20
th Floor

Chicago,Illinois 60601

DorothyM. Gunn
Amy Antoniolli
Illinois Pollution ControlBoard
100WestRandolphStreet,Suite 11-500
Chicago,Illinois 60601

William Seith
Total EnvironmentalSolutions
631 E. ButterfieldRoad,Suite315
Lombard,Illinois 60148

Claire A. Manning
Brown, Hayes& StephensLLP
700 First MercantileBank Building
P.O.Box 2459
Springfield, Illinois 62705-2459

JohnMcMahon
Wilkie & McMahon
8 EastMain Street
Champaign,Illinois 61820

RichardLanyon
MetropolitanWaterReclamationDistrict
100EastErieStreet
Chicago,Illinois 60611

LisaFrede
CICI
2250E. DevonAvenue,Suite239
DesPlaines,Illinois 60018

Abdul Khalique
MetropolitanWaterReclamationDistrict
Of GreaterChicago
6001 W. PershingRoad
Cicero,Illinois 60804

JeffreyC. Fort
LetissaCarverReid
SonnenscheinNath & Rosenthal
8000SearsTower
233 SouthWackerDrive
Chicago,Illinois 60606-6404

CHO2/22403497.1
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ROY M. HARSCH
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

DeborahJ. Williams
StephanieN. Diers
Illinois EnvironmentalProtectionAgency
1021 North GrandAvenueEast
P.O.Box 19276
Springficld, IL 62794-9276

Re: R 04-21RadiumSamplingResults

DearMs. Williams andMs. Diers:

As set forth in Joliet’s Motion for additionaltime, pleasefind theenclosedSummaryof

RadiumSamplesfor VariousCommunitiesin NorthernIllinois.
Verytruly yours,

Roy M. Harsch
RMH/dmc
Enclosure
cc: ServiceList

CH02/22399573.!



ROY M. HARSCH
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

Mr. Albert F. Ettinger
EnvironmentalPolicy Center
35 E. WackerDrive
Suite 1300
Chicago,IL 60601-2110

Re: R 04-21 Radium Sampling Results

Dear Mr. Ettinger:

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
Radium Samplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

Roy M. Harsch
RMHJdmc
Enclosure
cc: ServiceList

CUO2i 22399673I



ROY M. HARSCH
(312) 569-1441
Fax: (312) 569.3441
rhaach@gcd.com

July 29, 2005

Mr. MatthewJ.Dunn
Officeof theAttorneyGeneral
environmentalBureau
188 WestRandolph,

20
th Floor

Chicago,IL 60601

Re: R 04-21RadiumSamplingResults

DearMr. Dunn:

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Very truly yours,

Roy M. Harsch
RMHIdmc
Enclosure
cc: ServiceList

CH02i 22399673.1



ROY M. HARSCH
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

DorothyM. Gunn
Amy Antoniolli
Illinois Pollution ControlBoard
100 West RandolphSt.
Suite 11-500
Chicago,IL 60601

Re: R 04-21 Radium Sampling Results

DearMs. (3unnandMs. Antoniolli:

As set forth in Joliet’s Motion for additionaltime, pleasefind theenclosedSummaryof
Radium Samplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

Roy M. Harsch
RMHldmc
Enclosure
cc: ServiceList

(7U02, 22399673I



ROY M. t-IARSCH
(312) 569-1441
Fax: (312) 569-3441
thorsch@gcd.com

July 29, 2005

Ms. Claire A. Manning
Brown,Hayes& StephensLLP
700 Firs MercantileBankbuilding
P.O.Box 2459
Springfield, IL 62705-2459

Re: R 04-21 Radium Sampling Results

Dear Ms. Manning:

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
Radium Samplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

Roy M. Harsch
RMHid mc
Enclosure
cc: ServiceList

CH02; 22399573
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ROYM, HARSCI-I
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

RichardLanyon
MetropolitanWaterReclamationDistrict of GreaterChicago
100 EastErie St.
Chicago,IL 60611-2803

Re: R 04-21Radium Sampling Results

DearMr. Lanyon:

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
Radium Samplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

Roy M. Harsch
RMHidmc
Enclosure
cc: ServiceList

CR02, 22399673.1
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ROYM. HARSCII
(312) 569-1441
Fax: (312) 569.3441
rhonch@gcd.com

July 29, 2005

Abdul Khalique
MetropolitanWaterReclamationDistrict
Of GreaterChicago
6001 W. PershingRoad
Cicero,Illinois 60804

Re: R 04-21Radium Sampling Results

Dear Mr. Khalique:

As set forth in Joliet’s Motion for additionaltime,pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Very truly yours,

Roy M. Harsch
RMWdmc
Enclosure
cc: ServiceList

CHO2/22399673.1



ROY M. HARSCII
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

Mr. Dennis L. Duffield
Dir, ofPublic Works& Utilities
City ofJoliet
921 EastWashingtonSt.
Joliet, IL 60433

Re: R 04-21Radium Sampling Results

DearMr. Duffield

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

Roy M. Harsch
RMHldmc
Enclosure
cc: ServiceList

CUO2/2239’9673.t



ROY0k I-IARSCH
(312) 569-1441
Fox: (312) 569-3441
rharsch@gcd coin

July 29, 2005

Mr. StanleyYonkauski
Illinois Departmentof NaturalResources
OneNaturalResourcesWay
Springfield, IL 62702-1271

Re: R 04-21RadiumSamplingResults

DearMr. Yonkauski:

As set forth in Jolict’s Motion for additional time, pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Very truly yours,

cUCLUAI
Roy M.Harsch

RMF[/dmc
Enclosure
cc: ServiceList

(H02/ 22399673.1



ROY M. HARSCH
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

RosemarieE. Cazeau
Illinois AttorneyGeneral’sOffice
EnvironmentalBureau
188 W. RandolphStreet
Chicago,IL 60601

Re: R 04-21Radium Sampling Results

DearMs. Cazeau:

As set forth in Joliet’s Motion for additional time, pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Very truly yours,

Y44caJ~
Roy M. Harsch

RMHidmc
Enclosure
cc: ServiceList

CHO2/ 22399673.1



ROY M. HARSCH
(312) 569-1441
Fax: (312) 569-3441
thanch@gcd.com

July 29, 2005

William Seith
Total EnvironmentalSolutions
631 E. ButterfieldRoad,Suite315
Lombard,Illinois 60148

Re: R 04-21 Radium Sampling Results

DearMr. Seith:

As set forth in Joliet’sMotion for additionaltime,pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

Roy M. Harsch
RMH/dmc
Enclosure
cc: ServiceList

CHO2/22399673.I



ROY M. HARSCH
(312) 549-1441
Fax: (312) 569-3441
rharsch@gcd,com

July 29, 2005

JohnMcMahon
Wilkie & McMahon
8 EastMain Street
Champaign,Illinois 61820

Re: R 04-21 RadiumSamplingResults

Dear Mr. McMahon:

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
Radium Samplesfor VariousCommunitiesin NorthernIllinois.

Verytruly yours,

RoyM. Harseh
RMH/dmc
Enclosure
cc: ServiceList

CHO2/ 22399673.!



ROY M. HARSCH
(312) 569-1441
Fax: (312) 569-3441
rhanch@gcd.com

July 29, 2005

Ms. Lisa Frede
Directorof RegulatoryAffairs
ChemicalIndustryCouncil of Illinois
2250E.DevonAvenue
Suite239
DesPlaines,IL 60018

Re: R 04-21 RadiumSamplingResults

DearMs. Frede:

As set forth in Joliet’s Motion for additionaltime, pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Very truly yours,

cp~vvuciatt~
Roy M. Harsch

RMH/dmc
Enclosure
cc: ServiceList

CR02! 22399673
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ROYM. HARSCH
(312) 569-1441
Fax: (312) 569-3441
rhonch@gcd.com

July 29, 2005

JeffreyC. Fort
LetissaCarverReid
SonnenscheinNath & Rosenthal
8000SearsTower
233 SouthWackerDrive
Chicago,Illinois 60606-6404

Re: R 04-21 RadiumSamplingResults

DearMr. Fort andMs. Reid:

As set forth in Joliet’sMotion for additionaltime, pleasefind theenclosedSummaryof
RadiumSamplesfor VariousCommunitiesin NorthernIllinois.

Very truly yours,

Roy M. Harsch
RMHIdmc
Enclosure
cc: ServiceList

CR02! 22399673.1
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Protecting Our Water Environment

— p L ..L_ si_at -

BOARD OF COMMISSIONERS
Torrents J. O’Brien

Preshjent
Kathleen morose Meany

Vice Presideni
Gloria AJitlo Majewski

ChaIrman 0? FInance
Frank Avila
James C. Harris
Barbara J. McGowan
Cynthia M. Santos
Patricia Stung
Harry Bus” Thureil

Metropolitan Water Reclamation District of Greater Chicago
100 EAST ERIE STREET CHICAGO, ILLINOIS 60611-3154 312’751’5600

Richard Lanyon
Director of Research & Development

August3, 2005
3127515190

Mr. DennisL. Duffield
DirectorofPublic Works andUtilities
921 E. WashingtonStreet
Joliet,IL 60431

DearMr. Duffield:

SUBJECT: RadiumLevelat theLemontWaterReclamationPlant(WRP)Influentand
Effluent, and in the ChicagoSanitaryand Ship Canal(CSSC) atthe Up-
streamof LockportPowerhouse.

TheVillage of Lemontusesgroundwater,containingnaturallyoccurringradium,for its cornniu-
nity watersupply. The watertreatmentprocessbackwashis dischargedto theLemontWaterReclamation
Plant (WRP), which is owned andoperatedby theMetropolitanWater ReclamationDistrict of Greater
Chicago(District). At your request,the District sampledthe influent andeffluent of the LemontWRP
and a location downstreamof theplant in theChicagoSanitaryand Ship Canalfor radium-226andra-
dium-228. The resultsarepresentedbelow.

SampleLocation Radium-226(yCi/L) _________________

LemontWRPJnfluent 8.0±0.4

LemontWRP Effluent 4.8±0.4

CSSC-upstreamof <0.1
LockportPowerhouse

Pleasefeelfree to call Dr. Abdul Khaliqueat708-588-4071if any fi.irther informationis required.

Sincerely,

RichardLanyon
DirectorofResearchandDevelopment

RL:AK:nu
cc: Granato/O’Connor/Khalique

Radium-228(pCiI’L~

8.9±1.6

4.7±1.3

<1.2
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To: Dennis Duffield

From: Don Blancher, Ph.D.

CC: Chris UIm, Jane Carison

Date: May 16, 2005

Re: Joliet — Radium Issues

MEMORANDUM

Work on Radium Impact Review

. Habitat Requirements of Muskrats

• Low Flow Illinois Streams

National Wetlands Inventory of the study area

• Riparian Species of Interest

Impact of Radium is focused on the imØact to various riparian species, especially mammals,
and especially the muskrat. We have reviewed a variety of information including:

One must keep in mind that risk from exposure to any toxicant, including radiological
compounds, is dependent on dose and exposure. Based on our review of the information
available, the risk from exposure to radium isotopes discharged from wastewater plants to
low-flow surface waters in northern Illinois is extremely low for aquatic mammals. This is
based on the fact that these low-flow streams represent poor to unsuitable habitat for species
like muskrat, and the length of time forexposure in these areas would be minimal. The only
time these organisms may occasion these areas is during high flow situations, when dilution
would further minimize the exposure associated risks. The risk for aquatic mammalian
species like beaver and offer is even less likely due to their life history and behavior.

Habitat Requirements of Muskrat

Review of the US Fish and Wildlife services Habitat Suitability Index Model (HSI) for Muskrat,
indicate that this ripatian mammal does not typically inhabit streams with either a very high
flow rate (greater than 30 cu ft/sec) or streams with low flow rates less than 0.4 cu ft/sec
(Allen and Hoffman, 1984). Of particular interest is thefact that the muskrat does not inhabit
waters with a depth of less than 18 inches. This restricts the mammal to a certain stream
size with enough flow to maintain suitable depth for the animal. Additionally, the organisms
require sufficient aquatic vegetation for forage, and according to the 1-151 model the
organisms would typically avoid areas lacking suitable aquatic species. It has been noted
that cattail (Typha spp.) are the preferred diet, and this vegetation is typically found in
abundance around ponds, wetlands, and larger streams, with perennial (in)flow. More
definitive delineation of specific habitats could be reasonably predicted using the HSl model.
However, it is highly likely that intermittent streams and small streams do not provide suitable
habitat because of lack of water depth and flow, and lack of adequate forage and cover.

Toxicological&
~ Environmental
a Associates,Inc.

1



Memorandum: 5/16/2005. Page 2.

Similar habitat restrictions would be applicable to other aquatic mammalian species, such as
otter. All these organisms are dependent on sufficient aquatic resources. Habitat Suitability
models for many of these species are also available.

Low-Flow Illinois Streams

Maps of the Illinois low-flow (7Q10) streams were reviewed to provide information relative to
areas of concern. The maps of interest are presented in a power point presentation
associated with this memo. These data represent a starting point for comparison with
various wetlands maps to define habitats of interest to the radium — discharge — exposure
question.

National Wetlands Inventory of Study Area

National Wetlands Inventory maps of the study area are available online
(httg://wetlandsfws.eruses.Qovfl and have been captured and presented in a series of power
point slides for this review (see associated PPT files). These data are also available online
as ESRI Shape files (htto://wetlands.fws.gov/wetlands/shapedata nad83O. Alternate
sources of data which describe wetlands areas in Illinois include the analyses performed--by
the GAP program to identify habitat areas of concern and associated models of vertebrates
inhabiting such habitats. (http://www.inhs.uiuc.edu/cwe/Qao/vertmodeling.htm).
Unfortunately, GAP analyses are unavailable for Illinois.

Riparian Species of Interest

Endangered Species (mammals) for the area includes several species of bats and a couple
of field mice species but not riparian. See http://dnr.state.il.us/espb/datelist.htm. There are
some mussels and crayfish potentially of interest, but these species are relatively unaffected
by the levels of radiation in the range discussed and/or have a rapid tumover (crayfish,
insects). Also, in the low flow areas of interest, we do not have good information on whether
the mussels evenutilize that small stream habitat.

Amphibians such as the bullfrog and the red-spotted newt will be found within these areas as
well and have HSI models available. Since these are mostly insectivorous, it is not clear if
they would be affected and perhaps this warrants further investigation.

A review of Illinois riparian mammals resulted in the following riparian species of interest:

Muskrat (Ondatra zibethicus)

Beaver (Castor Canadensis)

Mink (Mustdlla v/son)

River Offer (Lutra Canadensis)

There are somevoles, lemmings and shrews in other states that get listed as riparian, but it is
not clear that they spend significant time in the ripadan area. Raccoon and opossum are
wide ranging, as are weasels, but they are not strictly riparian or aquatic. Hence, you would
have to factor in to any risk assessment the time of exposure in the riparian zone. Thus,
Muskrat are the primary animals who spend all their time in the water or riparian zone and
have a small range (except during one season). They eat only aquatic vegetation and are

S Page 2



Memorandum: 5/16/2005. Page 3.

considered a good bioindicator of what happens in the riparian zone. Weasels may also
occasion the riparian zone but are still considered woodland and field species. Mink have
muskrat in their diet, and would be the next logical species to carefully look at, and are
always close to water.

The oiler and beaver are even less likely to be encountered in the low-flow streams under
consideration. And it has been shown studying bioaccumulation of radium in riparian
organisms, that animals like the beaver accumulate less radium than do muskrat,
presumably because of feeding habits and food source (Murka, et al. 1996).

Other species considered were the Marten, (Manes amedoana) and the Fisher, (Mades
pennanfl) but these two species are presumed extirpated from Illinois according to the
NatureServe Explorer website (http://www.natureserve.org/exolorer/).
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Habitat models are designed for a wide variety of planning applica-
tions where habitat information is an important consideration in the
decision process. However, it is impossible to develop a model that
performs equally well in all situations. Assistance from users and
researchers is an important part of the model improvement process. Each
model is published individually to facilitate updating and reprinting as
new information becomes available. User feedback on model performance
will assist in improving habitat models for future applications. Please
complete this form following application or review of the model. Feel
free to include additional information that may be of use to either a
model developer or model user. We also would appreciate information on
model testing, modification, and application, as well as copies of modified
models or test results. Please return this form to:

Habitat Evaluation Procedures Group
U.S. Fish and Wildlife Service
2627 Redwing Road, Creekside One
Fort Collins, CO 80526—2899
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series
(FWS/OBS—82/1O), which provides habitat information useful for impact assess-
ment and habitat management studies. Several types of habitat information are
provided. The Habitat Use Information-Section Is largely constrained to those
data that can be used to derive quantitative relationships between key environ-
mental variables and habitat suitability. The habitat use information provides
the foundation for HSI models that follow. In addition, this same information
may be useful in the development of other models more appropriate to specific
assessment or evaluation needs.

The HSI Model Section documents each habitat model and the information
pertinent to its application. Each model synthesizes the habitat use informa-
tion into a framework appropriate for field application and Is scaled to
produce an index value between 0.0 (unsuitable habitat) and 1.0 (optimum
habitat). The application information includes descriptions of the geographic
ranges and seasonal application for each model, its current verification
status, and a listing of model variables with recommended measurement
techniques for each variable.

In essence, the models presented herein are hypotheses of species—habitat
relationships and not statements of proven cause and effect relationships.
Results of model performance tests, when available, are referenced. However,
models that have demonstrated reliability in specific situations may prove
unreliable in others. For this reason, feedback is encouraged from users of
these models concerning improvements and other suggestions that may increase
the utility and effectiveness of this habitat—based approach to fish and
wildlife planning. Please send suggestions concerning the freshwater muskrat
model to:

Habitat Evaluation Procedures Group
Western Energy and Land Use Team
U.S. Fish and Wildlife Service
2627 Redwing Road
Ft. Collins, CO 80526—2899

Suggestions or questions concerning the application of the estuarine
muskrat model should be forwarded to:

Coastal Habitat Evaluation Procedures Project
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
1010 Gause Boulevard
Slidell, LA 70458
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MUSKRAT(Ondatra zibethicus)

HABITAT USE INFORMATION

General

The muskrat (Ondatra zibethicus) is the most valuable semi—aquatic fur—
bearer in North America, with a total fur trade income In the millions of
dollars (Willner et al. 1980). With the exception of Florida, and coastal
Georgia and South Carolina, native and introduced populations of muskrats
occur throughout most of North America. Muskrats are an important component
of the marsh ecosystem, serving as a food source for many predators (Wilson
1968), and can have a major Impact on wetland vegetation (O’Neil 1949;
Errington 1961, 1963; Weller and Spatcher 1965).

Food

Muskrats are primarily herbivorous although animal matter also is consumed
(Errington 1963). Muskrats utilize the most available plant species, therefore
commonly consumed foods will vary with the type of habitat (Takos 1947;
Errington 1963; Neal 1968; Willner et al. 1980). Perry (1982) presented a
regional-lied listing of food plants used by muskrats throughout North America.
The basal portions of aquatic vegetation are eaten most often followed by
rhizomes and leaves (Neal 1968). Cattail (Typha spp.) has frequently been
identified as a highly preferred food of the species (Hamerstrom and Blake
1939; Takos 1947; Bellrose 1950; Sather 1958; Errington 1963). Errington
(1948) concluded that broad—leaved cattail (I. latifolia) was a highly
preferred muskrat food and that marshes comprised of this species could support
twice the density of muskrats as marshes dominated by other types of emergent
vegetation. Feeding studies conducted in Manitoba have indicated that cattail
can support approximately seven times as many muskrats as an equivalent amount
of bulrush (Scirpus spp.) (Stardom pers. comm.). Other important food plants
include sweetflag (Acorus calamus), waterlily (Nymphaea spp.), arrowhead
(~gjttaria spp.), sedge (Carex spp.), and wild rice (Zizania aguatica) (Takos
1947). A wide variety of vegetation, including agricultural crops, will meet
the dietary needs of stream—dwelling muskrats (Errington 1961). The foods
consumed by stream and canal—dwelling muskrats tend to be more diverse than
those used by muskrats Inhabiting marshes (Perry 1982). Muskrats inhabiting
lakes and reservoirs tend to be opportunistic feeders and may feed upon animal
matter to a greater degree than do muskrats that inhabit marshes (O’Neil
1949).
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In coastal marsh habitats muskrats are heavily dependent on bulrush and
cattail (Willner et al. 1975). Olney bulrush (S. olneyl) made up 80% of the
muskrat’s diet in brackish Louisiana marshes (O’Neil 1949). Olney bulrush,
common three—square bulrush (S. americanus), and cattail (I. latifolia, I.
anqustifolia) accounted for 80% of the muskrat’s diet In coastal Maryland
marshes (Smith 1938). Ulney bulrush has the highest weight per square meter
of any common marsh plant and grows year—round In Louisiana (O’Neil 1949).
The salinity tolerance of Olney bulrush has been investigated in several
studies (O’Neil 1949; Harris 1952; Schmidt 1958; Palmisano 1970; Rose and
Chabreck 1972). Results of these studies indicate that the salinity most
suitable for the growth of Olney bulrush ranges from 5 to 20 parts per
thousand. Food is limited in winter, and appreciable quantities are not
stored by muskrats (Smith 1938; Errington 1941; Schwartz and Schwartz 1959).
The main advantage of cattail is that Its rhizomes are of high nutritive
quality and are available as a winter food source (Cook 1952).

Muskrats typically reach their greatest densities in aquatic habitats
that provide dense emergent vegetation and are bordered by terrestrial herba—
ceous vegetation (Errington 1963). Brooks and Dodge (1981) recorded more
muskrat burrows and signs of activity in riverine habitats bordered by open
and agricultural land, whereas forested river banks had a significant negative
effect on muskrat burrow abundance. Increasing. muskrat density in Iowa was
associated with the presence of dense emergent vegetation (Neal 1968). Declin-
ing population levels were associated with less densely vegetated habitat.
“Food—poor” open water lakes, ponds, or dry lowlands choked with vegetation
are not conducive to high muskrat densities in northern regions (Errington
1963). In addition to the amount of emergent vegetation, the amount of addi-
tional food plants and materials available for lodge construction also may
regulate muskrat populations (Bishop et al. 1979). Ponds in Ohio with “good”
vegetative cover produced an average of 9.6 muskrats/0.4 ha (9.6/acre)
(Gilfillan 1947). Ponds with “fair” vegetative cover yielded an average of
8.7 muskrats/D.4 ha (8.7/acre), whereas ponds with no vegetative cover produced
no muskrats.

The importance of vegetation in providing cover is difficult to separate
from its role as a fo2d source. In high quality habitat, 50% or more of the
area is covered with dense, emergent vegetation. Dozier (1953) believed that
an 80:20 ratio of emergent vegetation to water would provide ideal muskrat
habitat. Errington (1963) rated marsh conditions as excellent when two—thirds
of the marsh was covered, but gave a poor rating to a marsh with only 17%
coverage. Bishop et al. (1979) recorded an 18—fold increase in muskrats after
a lake in Iowa revegetated to a 75:25 ratio of vegetation to open water.

Muskrat feeding and house construction activities may have detrimental
effects upon aquatic vegetation (Willner et al. 1980). Danell (1978) reported
that stands of horsetail (Equisetum fluviatile) decreased as muskrat population
density increased. High muskrat population density may result in the elimina-
tion of preferred food plants in an area and an eventual decline in the muskrat
population (Errington 1963). “Eat—outs” by muskrats, discussed in detail by
Errington (1951), Harris (1952), Sipple (1979), and Willner et al. (1980), may
severely affect the humus layer and thus retard vegetative regeneration for
several years.

2



Water

Suitable muskrat habitat requires a permanent supply of still or low
velocity water (Errington 1963). Stream gradient and discharge were believed
to be key factors in determining the potential quality of streams as muskrat
habitat in a Massachusetts study (Brooks and Dodge 1981). Muskrats were
present where the stream gradient was low [< 6.1 m/krn (32.2 ft/mi)] and
discharge exceeded 0.1 m3/s (4 ft1/s) but were absent on streams with a
gradient in excess of 9.0 rn/km (47.5 ft/mi) and discharge flows of less than
0.1 m3/s. Riverine habitats with mean annual discharge in excess of 30 m’/sec
(approxImately 1,000 ft3/s) are probably poor muskrat habitat because of water
level fluctuation, scouring, and erosion of the banks. Water stability has a
more direct effect on habitat quality than does water depth (Hamerstrom and
Blake 1939). Bellrose and Brown (1941) reported that muskrats were more
abundant in lakes having stable water levels than in lakes with fluctuating
water levels. Muskrat population density was more affected by changes in
water level than by the types of emergent vegetation present. Low water
levels result in reduced food and cover availability (Errington 1939). Low
water level during winter has a greater affect on muskrats than low water
conditions during summer (Perry 1982). Low water during winter may permit the
entire water column to freeze resulting in reduced availability of food
resources in the normally unfrozen water and substrate. Seabloom and Beer
(1964) associated the absence of snow cover in North Dakota to heavy ice
formation resulting in freezeout and subsequent high muskrat mortality.

High water also results in habitat deprivation by altering vegetative
composition and forcing muskrats out of refuge (lodge and burrow) sites (Sather
1958; Olsen 1959). Lakes in Ohio that were subjected to severe flooding
[> 0.6 m (2 ft) rise in water level], produced 0.17 muskrats/0.4 ha (0.17/acre)
(Gilfillan 1947). Lakes that did not experience such severe flooding produced
1.45 muskrats/0.4 ha (1.45/acre). Muskrat production in severely flooded
marshes was 4.24 animal s/0.4 ha (4.24/acre) as compared to 8.59 animal s/0.4 ha
(8.59/acre) in marshes with stable water levels. The best muskrat marshes in
Manitoba experience cyclic water level fluctuations of approximately 0.6 m
(2 ft) (Rewcastle pers. comm.). It is believed that water fluctuation Is
required with some regularity (approximately every 5 years) to provide a
suitable seedbed for vegetative regeneration.

Water depth between 0.46 m (18 inches) and 1.2 m (4 ft) is most suitable
for muskrats (Errington 1963). Danell (1978) reported that 96% of all muskrat
lodges located in his study area were constructed in water or within 1 m
(3.3 ft) of water. The average water depth at lodge sites was 0.2 m (0.6 ft),
whereas the average water depth within 2 m (6.6 ft) of the lodge was 0.33 rn
(1.0 ft). All lodges located during a California study were in water 0.3 in
(1.0 ft) deep or less (Earhart 1969). Optimum water depth for lodge construc-
tion in Illinois was 0.3 to 0.40 m (1 to 1.5 ft) (Bellrose and Brown 1941).
Muskrats inhabiting streams prefer deep holes and backwater areas; however, a
lack of such conditions is not critical if adequate food is present (Errington
1937). Brooks and Dodge (1981) found that the number of coves and islands was
strongly associated with muskrat abundance in an evaluation of riverine
habitats in Massachusetts. Coves, islands, and other deviations in the main
channel provided increased shoreline length, areas of lower water velocity,
and often provided a source of emergent vegetation.
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Lay and O’Neil (1942) and Lay (1945) believed that water depth in Gulf of
Mexico coastal marshes should be maintained at depths of 2.0 to 30.0 cm (0.8
to 11.8 inches) year—round to provide the best muskrat habitat. Palmisano
(1967) recommended that the water level should be maintained near the marsh
surface and should not fall more than 8.0 cm (3.1 Inches) below the substrate
surface for optimum propagation of Olney bulrush. Bellrose (1950) reported
that muskrats frequently moved to marginal vegetation when water depth dropped
to unfavorable levels. Fluctuating water depths were found to be the critical
factor limiting muskrat populations in North Carolina coastal marshes (Wilson
1949). Water level fluctuations also prevented establishment of desirable
muskrat food plants in Louisiana (Moody 1950). Perry (1982), citing a study
by Wilson (1968), concluded that in general, Atlantic coastal marshes managed
with control structures can yield 3 to S times as many muskrats as undiked
marshes.

Cover

immediate vici
tion seldom
1963).

in the banks adjacent
build either type
wetland habitats.

all influence site
ts often build two

lodges or platforms
begins on a firm
available i the

MacArthur and Aleksiuk (1979) distinguished between dwelling and feeding
lodges primarily on the basis of external size. Feeding lodges are smaller
than dwelling lodges and vary considerably in construction. In summer, and
throughout the year in the South, feeding lodges are usually thin—walled and
may be simple platforms. They are thick—walled in winter to provide insula-
tion in the northern region of the muskrat’s range. Structures called push—ups
are made when muskrats chew through ice or snow and push a 30.0 to 45.0 cm
(11.8 to 17.7 inches) pile of vegetation onto the surface. Push—ups are
typically used as temporary feeding sites (Perry 1982). Other temporary
shelters include hollow logs, the dens of other animals, and overhanging banks
(MacArthur and Aleksiuk 1979).

In the absence of
shelter in bank burrows
in a California study: (1) breeding burrows composed of numerous entrance
tunnels and chambers; (2) winter burrows composed of one tunnel and chamber;
and (3) shallow, simple feeding burrows (Earhart 1969). Clay soils provide
the most suitable substrate for burrow construction (Errlngton 1937, 1963;
Beshears and Haugen 1953; Earhart 1969). Beshears and Haugen (1953) reported
that the amount of sand in the soil was inversely related to burrow longevity.
Embankments with soils containing more than 70% sand su pported only temporary
burrows in California (Earhart 1969). Soils with a high sand c ontent may
provide suitable burrowing sites if dense vegetation is present (Errington

dig burrowsMuskrats may construct conical lodges or
to aquatic habitats (Willner et al. 1980). The ability to
of shelter enables the species to inhabit most types of
Water depth, soil texture, and the amount of vegetation
selection for lodge construction (Danell 1978). Muskra
types of lodges, a main dwelling lodge and smaller feeding
(Oozier 1947; Sather 1958). Lodge construction typically
substrate and is made up of the dominant emergent plants

al. 1980). Submergent vegeta—
lodge construction (Errington

nity of the lodge site (Willner et
provides suitable material for

n

sufficient emergent vegetation
(Dozier 1953). Three types of

muskrats may establish
burrows were identified
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1937). Earhart (1969) believed that burrow construction required a bank slope
of 100 or more regardless of soil sand content. Gilfillan (1947) reported
that optimum conditions for bank burrows exist when the slope of the bank is
300 or more and a minimum height of 0.5 m (1.6 ft). Muskrat burrows were
absent in riverine habitats in a Massachusetts and Pennsylvania study where
the bank height was less than 0.2 m (0.6 ft), bank slopes were less than 10%,
or the bank composition was in excess of 90% sand and gravel (Brooks 1982).

1.6 km (89/mi), whereas, sparse
produced 45 muskrats/1.6 km (45/mi) and 22 muskrats/1.6 km (22/mi), respec-
tively (Gilfillan 1947). Although the main channel may serve as a travel
avenue, large streams and rivers are generally unsuitable habitat if they are
subject to fluctuating water levels, or are highly turbid (Errington 1963).
In such conditions, muskrats may be common in oxbows, tributary streams or
wetlands adjacent to the main channel. The availability of cover and backwater
areas is strongly correlated with muskrat abundance in riverine habitats
(Brooks 1980). Evaluation of riverine muskrat habitat in Massachusetts and
Pennsylvania indicated that pools and backwater coves were inhabited by
muskrats 35% more often than their relative availability (Brooks 1982).
Shallow, steep gradient streams with high water velocity and rocky substrate
are poor muskrat habitat )
believed to be the most
habitat quality in small
Dodge in prep.). High
coarse to fine
substrates compri

Intensive grazing of livestock has detrimental effects on muskrat density
due to decreased vegetative cover, increased bank erosion, and trampling of
burrow systems (Errington 1937). Muskrat harvest data from Iowa indicated
that more than twice as many animals were captured along streams with ungrazed
banks than were along streams with grazed banks (Gilfillan 1947).

Brackish marshes in coastal habitats appear to have the greatest potential
as muskrat habitat. Aerial surveys of Louisiana coastal marshes Indicated
that approximately 72% of the muskrat lodges counted were in brackish waters
although this habitat type occupied only 37% of the area surveyed (Palmisano
1972). Brackish marshes characterized as being comprised of cordgrass
(Spartina spp.), saltgrass (Distichlis spicata), needle rush (Juncus
roemerianus) and Olney bulrush were attributed to be the most productive
muskrat habitat in coastal Texas (Lay and O’Neil 1942). Slightly brackish
marshes, dominated by Olney bulrush and cattail, adjacent to wooded areas
supported the greatest muskrat production in Maryland coastal habitats (Dozier
et al. 1948).

High quality muskrat habitat along streams generally has an abundance of
retreats (e.g., downfall, lodged debris, deep pools, backwaters, undercut
banks) and is bordered by dense herbaceous vegetation (Errington 1937).
Muskrat burrows in Massachusetts and Pennsylvania riverine habitats were
established where dense herbaceous vegetation or littoral zone emergent vegeta-
tion was present (Brooks 1982). Ohio muskrat harvest data indicated that
streams bordered by agricultural crops produced an average of 89 muskrats/

those bordered by dense and native vegetation

(Errlngton 1937 . Stream gradient and discharge were
influential characteristics in determination of muskrat

streams in Massachusetts and Pennsylvania (Brooks and
gradient streams were characterized as having rocky,

substrates as compared to low gradient streams that had
sed of fine to organic materials
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Reproduction

The reproductive habitat requirements of the muskrat are assumed to be

identical with its water, food, and cover requirements as described above.

Interspersion

The area occupied by muskrats may be Influenced by a variety of factors
that include environmental conditions, the size, configuration and diversity
of the aquatic habitat, social pressures, and season (Perry 1982). Neal
(1968) believed that habitat quality was more Important in determining muskrat
density than were intraspecific interactions. Muskrat home ranges in Iowa
were consistently larger in aquatic habitats with less dense vegetation than
they were in habitats with dense emergent vegetation. Danell (1978) reported
that the mean distance between muskrat lodges was 110 m (360.8 ft) and no
houses were closer together than approximately 40 m (131.2 ft). Most summer
and fall home ranges of muskrats in Iowa were 45.7 to 60.9 m (150 to 200 ft)
in diameter (Neal 1968). More than 50% of muskrat obserMtions in Manitoba
were recorded within 15 m (49.2 ft) of the primary dwelling lodge (MacArthur
1978). Few movements of muskrats exceeded 150 m (492 ft) whereas almost all
foraging took place within 5 to 10 rn (16.4 to 32.8 ft) of the lodge. Most
muskrats recorded in a New Brunswick study remained in the same habitat type,
within a relatively confined area, throughout the summer and fall seasons
(Parker and Maxwell 1980). Movement between habitat types occurred most
frequently between the fall and spring seasons probably due to muskrats being
forced from winter lodges and burrows because of early spring increases in the
water level. Several authors have reported that the home range size for
bank—dwelling muskrats in riverine habitats ranges from 200 to 300 m (656 to
984 ft) along the stream or river channel (Errington 1963; Stewart and Bider
1974). Brooks (1982) estimated the home range for muskrats inhabiting riverine
habitats to range between 250 to 400 m (273 to 437 yds) In length. Muskrats
inhabiting edge or linear habitats may have oblong home ranges, whereas
inhabitants of interior portions of marshes may have home ranges that are more
circular in shape (Perry 1982).

O’Neil (1949) reported that high—quality coastal Olney bulrush marshes in
Louisiana could support about 13 muskrats/0.4 ha (13/acre), although densities
were occasionally much higher for short periods of time because of immigration.
Marshes managed for muskrat production also may have much higher densities
(Perry 1982). Considerable variation occurs, however, in muskrat density
between years. These “cycles” in northern inland marshes have been extensively
discussed by Errington (1951, 1954, 1963); however, their causes are not well
understood. Lowery (1974) summarized the stages In a cycle as low muskrat
numbers, development of an abundant food supply, followed by a rapid build—up
of muskrat density with eventual severe overpopulation, habitat destruction,
and, finally, starvation. The length of the cycle varies geographically, and
cycles may be out of phase within a region.
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HABITAT SUITABILITY INDEX (HSI) MODELS

Model Applicability

Geographic area. The inland muskrat model has been developed for applica-
tion in freshwater habitats throughout the range of the species.

The estuarine model is applicable to Atlantic and Gulf of Mexico coastal
marshes (Fig. 1).

Figure 1. Geographic applicability of the estuarine muskrat HSI
model. The freshwater muskrat model is applicable to wetland and
riverine cover types throughout the range of the species.

Season. These models
quality of year—round habi
Since vegetation type and
models may be most effective

have been developed to evaluate the potential
tat in both freshwater and estuarine habitats.
density must be determined, application of the

during the growing season.

Cover types. The freshwater muskrat model was developed to evaluate
habitat quality in the following cover types (terminology follows that of U.S.
Fish and Wildlife Service 1981): H&rbaceous Wetland (HW); and Riverine (R).

The estuarine model Is applicable in the
estuarine intertidal (El) habitats as described
Emergent (EM); Aquatic Bed (AB); and Unconsolidated

following classes
by Cowardin et al.
Shore (US).

of the
(1979):
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Minimum habitat area. Minimum habitat area is the minimum area of
contiguous habitat necessary before an area will be occupied by a species.
Information on the minimum habitat area for the muskrat was not found in the
literature. It is assumed that potential muskrat habitat will exist in any
freshwater or estuarine cover type large enough to be classified as such, If
adequate food, water stability, and cover are provided.

Verification level. The freshwater and estuarine muskrat HSI models
provide habitat information useful for impact assessment and habitat manage-
ment. The models are hypotheses of species—habitat relationships and do not
reflect proven cause and effect relationships.

The freshwater muskrat models were reviewed by: Dr. Robert Brooks,
Pennsylvania State Univeristy, University Park; Mr. Alfred Gardner, U.S. Fish
and Wildlife Service, National Museum of Natural History, Washington, DC;
Mr. John Organ, U.S. Fish and Wildlife Service, Newton Corner, Massachusetts;
Mr. Richard Stardom, Manitoba Department of Natural Resources, Winnipeg; and
Ms. Cathy Rewcastle, Manitoba Department of Natural Resources, Winnipeg.
Suggestions and comments for improvement were incorporated into the model.

An earlier version of the herbaceous wetlands muskrat model was evaluated
by Dr. Jonathan Bart, Ohio Cooperative Wildlife Research Unit, Ohio State
University (Bart et al. 1984). HSI values were compared to 1 year’s estimates
of muskrat house density on 25 sites in northwest Ohio. The minimum amount of
persistent emergent vegetation present on any site was 30.6% and all but three
sites had greater than 40% emergent vegetation canopy cover. Measuring the
degree of linear relationship between muskrat lodge density and HSI’s yielded
a correlation coefficient of 0.441.

The estuarine model has been reviewed by: Mr. Greg Linscombe, Louisiana
Department of Wildlife •and Fisheries, New Iberia, LA; Dr. R. Chabreck,
Louisiana State University, School of Forestry and Wildlife, Baton Rouge;
Mr. Thomas Thornhlll, U.S. Fish and Wildlife Service, Daphne, AL; and
Dr. Thomas Michot, U.S. Fish and Wildlife Service, Lafayette, LA. The comments
and suggestions of these Individuals have been incorporated into this model.

An earlier version of the model was evaluated in coastal Loul�iana marshes
using the 3—year average pelt take as an indication of habitat suitability.
Subsequent revisions in the model were based on the results of this field
evaluation.

Model Description

Freshwater. Year—round habitat requirements of the muskrat can be ful-
filled within wetland habitats that provide herbaceous vegetation and permanent
surface water with minor fluctuations in water levels. Wetlands characterized
by seasonal drying, an absence of emergent vegetation, or both, have less
potential as year—round muskrat habitat than wetlands with permanent water and
an abundance of emergent vegetation. It is assumed that food and cover are
interdependent characteristics of the muskrat’s habitat and that measures of
vegetative abundance and water permanence within a wetland can be aggregated
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to reflect habitat conditions favoring maintenance of the muskrat’s food and
cover requirements. The reproductive habitat requirements of the species are
assumed to be met when adequate water, food, and cover conditions are present.

Estuarine. The estuarine muskrat model describes and defines the
variables affecting habitat suitability in coastal (brackish and salt water)
wetlands. The model consists of a single component that reflects the potential
quality of food and cover. In order to provide potentially suitable year—round
habitat for muskrats, coastal marshes must support relatively stable water
levels and the water must be of sufficient chemical composition to support an
adequate food source. Prior to applying the following estuarine muskrat
model, the following factors must be considered to determine if the model
is applicable to the habitat being evaluated.

If marsh water level fluctuates more
than 90.0 cm (35.4 inches) per year
or below the marsh substrate during
summer or winter, or water salinity
exceeds 30 ppt for more than one week Do not continue

with model; HSI
for muskrats is
assumed to be 0.0.

If marsh water level is relatively
stable, does not fluctuate > 90.0 cm
(35.4 inches) per year or below marsh
surface in summer or winter, and water
salinity does not exceed 30 ppt for
more than one week Continue with model

application to deter-
mine a HSI value.

The following sections provide documentation of the logic and assumptions
used to translate habitat information for the muskrat into the variables and
equations used in the HSI models. Specifically, these sections cover:
(1) identification of variables; (2) definition and justification of the
suitability levels of each variable; and (3) description of the assumed rela-
tionships between variables. Figure 2 is an illustration of the relationships
of habitat variables, life requisites, and cover types to a habitat suitability
value for the muskrat in freshwater habitats. Figure 3 is an illustration of
the relationships of habitat variables, life requisites, and cover types to a
habitat value for the muskrat in estuarine habitats.
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Cover component: freshwater. Suitable cover for muskrats in wetland
cover types is a function of the presence and abundance of emergent vegetation
suitable for lodge construction and the permanence of water within the wetland
basin. Persistent emergent vegetation, such as cattail, normally remains
standing throughout the winter months as compared to nonpersistent emergent
vegetation whose leaves and stems break down at the end of the growing season
(Cowardin et al. 1979). Although both types of emergent vegetation may provide
food and cover for muskrats during the growing season, nonpersistent vegetation
will not provide optimum lodge construction materials. Woody vegetation in
shrub or forested wetlands may provide some cover and physical support for
lodge construction. However, it is assumed that emergent vegetation also must
be present in these cover types to provide suitable cover and material for
lodge construction. If emergent vegetation is absent in these cover types,
the cover is assumed to be minimal regardless of the amount of woody vegetation
present. It is assumed that optimum cover conditions are present when 50 to
80% of a wetland basin is dominated by emergent vegetation. Canopy cover of
emergent vegetation below 50% is assumed to reflect less suitable cover for
muskrats. Muskrats may establish bank burrows and are not totally dependent
upon the availability of vegetation for lodge construction, therefore, wetlands
devoid of emergent vegetation are assumed to have minimal value as muskrat
habitat. As the density of emergent vegetation increases above 80%, it is
assumed that habitat quality will decrease slightly due to a reduction in
escape cover that is provided by open water. Muskrats inhabiting riverine
areas establish burrows within river and stream banks and are less dependent
upon emergent vegetation for providing adequate cover.

Water permanence is an important characteristic that defines muskrat
habitat potential and is assumed to be equally as important as the presence
and abundance of emergent vegetation in defining the quality of muskrat
habitat. Wetlands that provide permanent year—round surface water are assumed
to provide potentially optimum habitat conditions for muskrats. Conversely,
wetlands that contain water on a seasonal basis are assumed to have little, if
any, potential for meeting the year—round cover requirements of the species.
Major changes in water level, either drawdown or flooding, will result in
habitat deprivation for the species. Wetlands with water present for 75% of
the year (9 months) or less are assumed to be less suitable muskrat habitat,
regardless of the amount of persistent emergent vegetation present. Wetlands
with water present for 50% of the year (6 months) or less are assumed to be
unsuitable year—round muskrat habitat.

Within riverine cover types muskrats require permanent water of low
velocity for optimum cover conditions. The cover potential of muskrat habitat
in riverine cover types is assumed to be a function of the permanence of
surface water and stream gradient. A measure of actual water velocity may
yield a more precise indication of riverine habitat quality. However, due to
the potential variability in water velocity a measure of velocity at one point
in time may yield a relatively inaccurate estimate of habitat conditions when
considered on an annual basis. F,or the purposes of this model, water velocity
is assumed to be a function of stream gradient. Low gradient streams are
assumed to have greater potential as muskrat habitat than high gradient
streams. High water velocity, rocky substrate, low pool/riffle ratio, and
less cover immediately adjacent to the water’s edge are typically associated
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with high gradient
characterized as
sediments, high ratio,
banks, debris and vegetation in and
It is assumed in this model that
[10 rn/km (53 ft/mi)] or less will be indicative
conditions for the muskrat by providing water of
able for the establishment of burrow systems.
(211 ft/mi)] or greater is assumed to be md
habitat. Brooks (pers. comm.) cautioned that
inaccurate indication of muskrat habitat qual
distances [> 1.0 km (0.6 mi)]. The presence of
incorrect estimate of habitat quality when long

of potentially optimum cover
low velocity and banks suit—

A gradient of 4% [40 m/km
icative of marginal muskrat
stream gradient may give an

ity when applied over long
a dam or rapids may yield an
stream reaches are evaluated.

pid may result
tat potential,
may be of low
itat. Brooks
conditions by

used on an

Riverine cover types must provide permanent surface water for ideal
muskrat habitat. However, the amount of surface water present also has an
influence on habitat potential for the species. The amount of suitable muskrat
habitat in riverine cover types is probably no greater than the amount of
surface water present during minimum flow periods. Riverine cover types with
relatively stable discharge have greater habitat potential than do those that
have widely fluctuating flows. Intermittent streams probably have little, if
any, year—round habitat potential for muskrats due to a seasonal absence of
water in the channel. Riverine habitats that maintain minimum flows and/or
isolated pools during low flow periods are of minimum value as muskrat habitat.
Depending upon their size and depth, isolated pools may provide adequate
habitat during low flow periods from which muskrats may disperse during higher
flow periods. Therefore, in riverine habitats, the cover potential for
muskrats is assumed to be a function of the percent of the riverine channel
with surface water during minimum discharge periods.

Food component: freshwater. The major component of the muskrat’s diet
is herbaceous vegetation. High—density muskrat populations are typically
associated with wetland habitats that support dense stands of emergent vegeta-
tion. Cattail has often been identified as a preferred food in fresh water
wetlands, and is believed to be capable of supporting higher numbers of
muskrats than other types of emergent vegetation. Nonpersistent vegetation,
submerged aquatic vegetation, and terrestrial herbaceous vegetation also are
consumed by muskrats. However, it is assumed that the stems, leaves, and
rhizomes of emergent vegetation are the primary components of the muskrat’s
annual diet. Within wetland cover types food quality is assumed to be related
to the total amount of emergent vegetation present and the proportion of that
vegetation that consists of cattail.

streams (Reid 1961). In contrast, low gradient streams are
having low water velocity, substrates consisting of finer

pool/riffle and more cover in the form of undercut
immediately adjacent to the water’s edge.

riverine reaches with a gradient of 1%

For example, evaluation of a stream reach containing a large ra
in a relatively high gradient value, indicating low muskrat habi
even though the stream channel both above and below the rapid
gradient and represent potentially high quality muskrat hab
(pers. comm.) suggested that the evaluation of riverine habitat
Stream Order (Horton 1945) may be a more accurate method when
individual watershed.
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Emergent vegetation, persistent or nonpersistent, is assumed to be most
suitable as a potential food source when present at a density of 50 to 80%
canopy closure. Canopy coverage less than 50% or greater than 80% is assumed
to be indicative of less suitable food quality. Food quality is assumed to be
positively correlated to the amount of cattail making up the total amount of
emergent vegetation present. Stands of emergent vegetation consisting wholly
of cattail will be of maximum value as a muskrat food source. Stands of
emergent vegetation other than cattail are assumed to be of lower value as a
potential food source even though total density may be within the optimum
range. Wetlands with a density of emergent vegetation In excess of 80% are
assumed to have a lower potential as a diverse year—round food source for
muskrats due to a decreased availability of submergent vegetation resulting
from a reduction in open water. Inasmuch as muskrats will forage on submerged
aquatic and terrestrial herbaceous vegetation, wetlands devoid of emergent
herbaceous vegetation are assumed to have minimum potential for providing
muskrat food. However, not all wetlands are suitable muskrat habitat. For
example, alkaline wetlands (pH � 7.4) probably have no potential as muskrat
habitat.

Muskrats inhabiting riverine habitats obtain most of their food from
terrestrial vegetation adjacent to the stream channel. Emergent vegetation
may be an adequate food source If present; however, the absence of such vegeta-
tion will not limit the potential food value if terrestrial herbaceous vegeta-
tion is present in an adequate amount. Due to the muskrat’s relatively small
home range size, it is assumed that density of herbaceous vegetation within
10 m (32.8 ft) of the water’s edge will indicate potential food availability.
The value of terrestrial herbaceous vegetation as a potential muskrat food
source is assumed to be positively related to density. Stream channels
bordered by trees and/or shrubs will probably have less dense herbaceous
ground cover than would channels bordered by open ground or cropland. Emergent
vegetation is an additional food source in riverine habitats that probably
contributes to a more stable food supply when considered on an annual basis.
The abundance of emergent vegetation is assumed to be twice as important as
the presence and abundance of terrestrial herbaceous vegetation in determining
potential year—round values of food resources for muskrats in riverine
habitats.

Food/cover component: estuarine. Emergent vegetation provides food and
cover for muskrats. The estuarine model does not attempt to separate these
functions. Fifty to 80% canopy coverage of emergent herbaceous vegetation is
assumed to be characteristic of optimum muskrat habitat in estuarine habitats.
Although muskrats will create small amounts of open water in dense stands of
emergent vegetation as a result of their feeding and lodge construction activ-
ities, estuarine habitats with a density of emergent vegetation in excess of
80% are assumed to be of slightly lower habitat potential due to a decreased
availability of escape cover provided by open water. Estuarine habitats with
no emergent vegetation are assumed to have almost no potential as muskrat
habitat. However, because dikes or shoreline habitats may provide sites for
bank burrows and submerged and floating aquatic vegetation may provide a
limited food source, the complete absence of emergent herbaceous vegetation is
assumed to represent estuarine habitats with minimum muskrat habitat potential.

14



Persistent emergent herbaceous vegetation is believed to be of greater value
for providing food and cover for the muskrat than is nonpersistent emergent
vegetation. Therefore, the suitability of muskrat habitat is assumed to
increase as the proportion of emergent vegetation consisting of persistent
life form species increases. However, the estuarine muskrat model is based on
the assumption that a marsh with no persistent emergent vegetation does have a
low value as muskrat habitat. Although there is no evidence that muskrats
exhibit a preference among emergent vegetation used as lodge construction
materials, coastal muskrats do prefer bulrush (Olney and common three—square)
and cattails as food items. It is assumed that an 80 to 100% occurrence of
these preferred species represents optimum food and cover conditions in
estuarine wetlands. However, these species are not required by muskrats and
wetlands with a 0 to 10% occurrence of bulrush and cattails are assumed to
retain a low value as muskrat habitat. Muskrats also feed on submerged and
floating—leafed aquatic vegetation and use these forms of vegetation in lodge
construction to a limited degree. It is assumed that the value of open water
habitat increases as the percentage of the habitat that supports submerged and
floating vegetation increases. The absence of submerged or floating aquatic
vegetation in a mixed open water/emergent marsh is assumed not to preclude
muskrat use of the area.

Model Relationships

Suitability Index (SI) graphs for habitat variables. The relationships
between various values of habitat variables and habitat suitability for the
muskrat are graphically presented in this section.
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R Percent riverine channel
dominated by emergent
herbaceous vegetation.

V6 Percent herbaceous
canopy cover within
10 m (32.8 it) of
water’s edge.

V7 Percent of emergent
herbaceous vegeta-
tion consisting of
persistent life form
species.
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V3 Percent of emergent
herbaceous vegetation
consisting of Olney
bulrush, common three—
square bulrush, or
cattail.

V9 Percent of open water
supporting submerged
or floating aquatic
vegetation.

0.4

Equations. In order to obtain life requisite values for the muskrat, the
SI values for appropriate variables must be combined through the use of equa-
tions. A discussion and explanation of the assumed relationships between
variables for freshwater and estuarine habitats was included under Model
Description. The suggested equations for obtaining life requisite and HSI
values are presented in Figure 4.
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Life requisite Cover type Equation

Cover HW (V1 x V2)1”2

Food 11W (V1 x V3)1”2

Cover R (V2 x V3 x V4)1”3 + V5
2

~I + 9l~\i \*

Food R Y6 ~\V5/

2

*In instances where

a value greater than
1.0 is obtained, the
value should be con-
sidered to equal 1.0.

Cover/Food El [(V1 xV, x V,2)l/4 x (a)] + [V9 x

where:
a = the percent of the

total estuarine
habitat being eval-
uated that supports
> 10% emergent vegeta-
tion canopy cover

b = the percent of the
total estuarine habitat
being evaluated that
supports � 10% emer-
gent vegetation canopy
cover

**See Application of the

Model section for specific
instructions for the cal-
culation of this value.

Figure 4. Equations for determining life requisite values by
cover type for the muskrat.
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HSI determination. The HSI value in freshwater herbaceous wetlands and
riverine cover types is computed by assuming a limiting factor mechanism. The
HSI will equal the lowest life requisite value received for either cover or
food in either cover type. The HSI value in estuarine cover types is equal to
the cover/food life requisite value.

Application of the Model

Calculation of the food/cover life requisite for estuarine muskrat habitat
is a function of: (1) the quality of emergent vegetation (V1, V7. V,); (2) the

area dominated by emergent vegetation (> 10% canopy closure); (3) the percent-
age of the evaluation area in open water (� 10% canopy closure of emergent
vegetation); and (4) the amount of floating or submerged aquatic vegetation in
open water areas (V9). A weighted (weighted by area) food/cover value is

calculated by performing the following steps:

1. Stratify the estuarine habitat into areas dominated by emergent
vegetation and open water.

2. Determine the area dominated by emergent vegetation, area dominated
by open water, and total estuarine area.

3. Determine an SI value for the area dominated by emergent vegetation

[(V1 x V7 x ~,2)l”
4

] and an SI value for the area dominated by open

water (V,).

4. Multiply the area dominated by emergent vegetation and the area
dominated by open water by their respective SI values (Step 3).

5. Add the products calculated in step 4 and divide the sum by the
total area of the estuarine habitat to obtain the weighted food/cover
life requisite value.

Definitions of variables and suggested field measurement techniques (Hays
et al. 1981) are provided in Figure 5.
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Variable (definition) Cover types Suggested technique

V1 Percent canopy cover HW,EI Remote sensing, line
of emergent herbaceous intercept
vegetation (the percent
of the water surface
shaded by a vertical
projection of the
canopies of all
emergent herbaceous
vegetation, both
persistent and non-
persistent).

V2 Percent of year with NW Remote sensing, local
surface water present data
(the proportion of
the year in which the
cover type has surface
water present).

V, Percent stream gradient R Topographic map
(specific expression of
decrease in elevation
of a stream or river
bed; determined by
dividing the change
in elevation between
two points of the
riverine reach by
the horizontal distance
between those two points,
then multiplying the
product by 100).

V4 Percent of riverine R Remote sensing, line
channel with surface intercept
water present during
typical minimum flow
(the proportion of the
riverine channel covered
by surface water during
the lowest discharge.in
the driest period of the
year).

Figure 5. Definitions of variables and suggested measurement
techniques for the freshwater and estuarine muskrat model.
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Variable (definition) Cover types Suggested technique

V5 Percent of riverine channel R Remote sensing, line
dominated by persistent intercept
emergent vegetation [the
percent of the stream or
river channel’s bed
that supports emergent
vegetation that normally
remains standing after the
growing season e.g., cat-
tail (Typha spp-) or bulrush
(Scirpus sppj].

V6 Percent herbaceous canopy R Line intercept,
cover within 10 m (32.8 ft) quadrat
of water’s edge (the percent
of the ground surface within
10 m of the edge of the river—
me cover type which is shaded
by a vertical projection of all
nonwoody vegetation).

V., Percent of emergent herba— El Remote sensing, line
ceous vegetation consisting intercept
of persistent life form
species [the proportion of
the emergent herbaceous
vegetation that normally
remains standing after
the growing season (e.g.,
cattail or bulrush)].

V, Percent of emergent herba— HW,EI Remote sensing, line
ceous vegetation (both per— intercept, quadrat
sistent and nonpersistent)
consisting of Olney bulrush,
common three—square bulrush,
or cattail.

V9 Percent of open water El Remote sensing, line
supporting submerged intercept, quadrat
or floating aquatic
vegetation.

Figure 5. (concluded).
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SOURCESOF OTHERMODELS

Brooks (1980) and Brooks and
using principle component regression
habitats. The model can be used to
and rank watersheds with respect
information gathered from remote sensing
physiognomic features of potential muskrat
tics and local population attributes are
sance. The model is not recommended for
forests, riparian habitats in arid regions,

data are used to identify gross
habitat. Microhabitat characteris—
investigated by on—site reconnais—

application in northern coniferous
or tropical climates.

No other habitat model designed for
habitat was located in the literature.
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1170 South Houbolt Road August 1,2005
Joliel, IL 60431
Phone:815-744-4200
Fax: 815-744-4215

Mr. DennisDuffield, PB.,DirectorofPublicWorksand Utilities

Strand Associates, Inc. City ofJoliet

Madison, w 921 EastWashingtonStreet
Lot~sviHe,KY Joliet, IL 60433
Lexington, KY
Indianapolis, IN Re: Cost Analysis: WRTvs. FIMO

Division Offices
SIECO

Columbus, N Dear Dennis,
Lancaster, OH

Mobile, AL At your request,we haveperformeda preliminarycostanalysiscomparingconstruction
andoperatingcostsovertime for two radium-removaltechnologyapproaches.Resultsof
the analysis are sumnarizedbelow. Spreadsheetsand graphsdemonstratinganalysis

www.slrand.com resultsareattachedto this letterreport.

Conclusion

Removing radium via the Water RemediationTechnology LLC (WRT) processis
estimatedto cost up to $33 million more than the hydrousmanganeseoxide (HMO)
process over a 20•year period, under the various conditions analyzed. That cost
differential rises to as great as $45 million using an extended, 30-year period of
evaluation.

Should regulatoryrestrictionson radium-containingtreatmentwastesbe enforced,the
City may wish to convert from an HMO treatmentprocessto an alternativetreatment.
Analysis of conversion from FIMO to a radium•selectivemedia (RSM) treatment
indicatesthat installation and operationof a convertibleHMOIRSM processwould be
morecostly thanuseof theWRT processif conversionoccurswithin the first five years
of operationand no additionalWRT feesare imposed.WRT is likely to be more costly
thanthe HMO/RSM optionwhenconversionoccursafterthe sixth year,underthemost
likely setsofconditions.

Background

Thethreetechnologiesconsideredfor usein Joliet that areexaminedin this costanalysis
are radium-selectivemedia provided by WRT, coprecipitation of radium with
manganese removalusingHMOs, andradiumremovalusingaDowex RSM system.All
three technologieswere demonstratedto be effective in removingradium from Joliet’s
wells during a pilot testperformedbetweenJune3, 2004, and July 15, 2004. TheHMO
systemand Dowex media generallyremovedgreaterthan 90 percentof radium from
treatedwater,while the WRT systemremovednearly98 percentof combinedRadium-
226 and Radium-228.All three technologiesremovedradium to levels significantly
betterthantheminimumlevel desiredfor effectivetreatmentofJoliet water.



DennisDuffield, P.R
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Page2
August 1, 2005

In analyzing the overall cost of each technology, considerationwas given to the
following factors:

1. HMO filtration also will removethe iron producedby the City’s shallow wells.
WRT andRSM treatmentwill not. Thus,an iron removalfacility will berequired
if an EastSideWRT radiumremovalfacility is constructedto treatthecombined
shallow wells. Likewise, if HMO filtration is convertedto RSM, an upstream
iron removal facility would benecessaryto treat thecombinedshallowwells.

2. Radon regulations have not been finalized. Currently, it appearsthat the
minimum contaminantlevel (MCL) standardfor radon in Illinois will be 300
pCi/L. Nathrally occuthngradon levels in untreatedJoliet water have been
measuredbetween110 pCi/L and 180 pCi/L. WRT mediacapturesand holds
radium,which naturallydecaysto radon. Radonemissionswould be expectedto
increaseas the WRT media ages, unless WRT also holds radon. If radon
emissionsfrom radium-ladenWRT mediaare found to be a problemfor treated
water, intermediateaeration,storage,and booster pumping will be necessary.
This sameconditionmayoccurif RSM technologyis used.

Preliminaryinvestigation into the likelihood of radon accumulationfrom WRT
treatmentis underway. Figure 1 shows theresultsof radontesting on samples
takenduring an extendedpilot study of WRT technologydownstreamof the
WRT systemat Joliet Well 9-D, aswell ason raw-watersamplesdrawn from
Well 9-D during the sametime period. Also shown in the figure are linear-fit
trendlinesfor the sampledata from each source.The trendlinesindicate that
radonconcentrationswould beexpectedto increasewith time for both WRT and

raw water supplies,while experienceindicatesthat radon concentrationsshould
remainrelativelylevel with time for theraw water.

APW:pIT\S;\~SAJ\25I-.3OO\255\3O3\Wrd\cosIanalysisIetterMGO reylsiondoc
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A linear projection of the data for both samplestreamsplacesradon levelsat
approximately265pci/L for WRT and 185 pCi/L for rawwaterafler 365 daysof
operation. Statistical analysis of the data suggeststhat a linear correlation
betweenradon concentrationand time is somewhatlikely for the WRT databut
less likely for the raw water data. This would indicate that there is limited
confidence in projections using raw water data to a 1-year timeframe, and
slightly more confidencein projectionsusing WRT-treatedwaterdata.Should
the linear projectionsbe accurate,the statistical analysis indicatesthat WRT-
treatedwaterwould not containradonconcentrationsin excessoftheanticipated
standardfor Illinois if the WRT mediais replacedannually.It shouldbe noted,
however,that it is possibleradonconcentrationswould increasenonlinearlywith
time. We therefore presenta cost-analysisscenario that incorporatesradon-
removal treatment,with theunderstandingthat suchmeasuresmay or may not
becomenecessarywhenusingWRT andRSM technologies.

A?W~pll\S:\~SAl\25I--3OO\255\3O3\Wrd\costanalysisIetter.MGO,tvision.doc
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3. HMO filtration has been demonstratedto be effective in several full-scale
operatingplants, while the WRT processhasjust recently started full-scale
operationin one Illinois community.As a result,information on operatingissues
and costsassociatedwith theHMO processis availablefrom field operations,but
such information is not availablefor the WRT process.All costsandpotential
operatingissuesassociatedwith WRT can be derivedonly from observationsof
pilot operationand from WRT representatives.

4. Thedraft WRT agreementis nearly70 pageslong and includesnumerousclauses
for increasingpaymentfor WRT treatment.The costimpactof severalof these
clauses is impossible to evaluatesince we cannot predict potential future
regulatory or physical-changeimpacts on such fees. Future media-disposal
charges or changes in water quality conditions, for example, cannot be
anticipated.For thepurposeof this analysis,it is assumedthat all baseconditions
remainconstantfor thedurationof theperiodunderconsideration.Actual annual
chargesrequiredby WRT underits agreementcouldbe significantly greaterthan
reportedhere,shouldtheseconditionschangewith time. Additionally, theIllinois
Departmentof Nuclear Safety reportedly has indicated to communities with
WRT facilities underconstructionthat a reservefind will be requiredin case
WRT is unableto maintain facility operationsover time. The magnitudeof the
reservefund caimot be determinedat present,and is not accountedfor in this
analysis.

5. WRT has not yet providedinformationas to how constructionof additionalwells
would be incorporatedinto theradium-removalagreement.It is assumedfor the
purposesof this analysisthat no new wells are addedduring the 20-yearperiod
underconsideration.

6. Potentialchangesin regulationofradiumin thewastestreamcouldforcetheCity
of Joliet to seek an alternative tecimology to HMO in the near future.
Considerationis given in thisanalysisto thepossibilitythat an HMO facility may
requireconversionto aradium-selectivesystemthat would not releasesignificant
radium into the waste streamduring backwashing.For the purposesof this
analysis, HMO facilities are designedfor conversion to RSM. Additional
modifications,including an EastSide iron filtration plant and, potentially,radon-
removalequipment,would be constructeduponconversionfrom 1-IMO to RSM.

APW:pII\S:\@SAI~25I.-3OO\255UO3\Wrd\costanalysisktler.MGO rev~siott.doc
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Analysis Conditions

Three likely demandscenarioswere developedto evaluatecosts using the WRT and
HMO systems.

1. ScenarioA useda flat, averagedaywaterdemandof 14.9 mgd,asdeterminedin
theNovember2003 Joliet Radium Complianceand WaterSupplyImprovements
report.Figure2 showstheScenarioA demandprojectionthrough2024.

16

14

12 -~------~--- ________ -

10 __________
B

6

4 - __________ _____

2

0

2000 2005 2010 2015 2020 2025 2030

Figure 2 Projected Average-DayWater DemandScenarioA

APW:pIl\S:V~SAl\2Sl..400\255\303\Wrd\cost analysis ietter.MGO revisiondoc
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2. ScenarioB useda linearly increasingwater demandbasedupon a 2006 average
dayestimateof 14.9 mgdand a 2023 averagedaydemandestimateof 20.1 mgd,
as generatedby the November 2003 report. Figure 3 shows the ScenarioB
demandprojection.

25

10

5

0

2000 2005 2010 2015 2020 2025 2030

Figure 3 Projected Average-DayWater DemandScenarioB

3. ScenarioC useda randomlyvarying annualaverageday water demand,using
water systemfluctuationsof typical magnitudeas determinedby a review of
water-usedata for similarly sized communities.The overall increasein water
demandbetween2005 and 2025 statistically mirrors the linearly increasing
demandof ScenarioB with time. Figure 4 shows the Scenario C demand
projection.
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Figure 4 Projected Average-DayWater Demand ScenarioC
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Inflation projectionswere generatedusing ConsumerPrice Indicesbetween1980 and
2004. FutureCPIvaluesweregeneratedby projectingincreasetrendslinearly to theyear
2025. Figure5 depictsthe actual CPI values,aswell as the Linear trend line projecting
future CPIvalues.

Capital costswere determinedusingpreviouslygeneratedopinionsofprobablecost for
constructionofsix 1,000gpm facilities, two 2,000gpm facilities, one4,000gpm facility
and one 6,000 gpm facility. Constructioncostsfor the WRT option includedonly the
buildings that would houseWRT equipment.Constructioncosts for the HMO option
included both the building and HMO/filtration equipment(an alternativeevaluation
incorporatingconversionto RSM treatmentis providedbelow and is not includedhere).
Becauseof the need for iron filtration at the Fairmont/Garvinfacility, an additional
capital expendithrefor constructionof a filter facility was included in the WRT
constructioncosts. Total constructioncostsfor eachoptionwereamortizedoveraperiod
of 20 years at 4 percentinterest to determineannual expenditure.Table I showsthe
calculationofconstructioncostsfor both WRT andHMO processes.

Operatingcost componentsfor eachoption differ significantly. Primarycomponentsof
the WRT operatingcosts, as incorporatedinto Condition Set No. I, include annual
contractual treatmentcharges, additional volume charges,and costs associatedwith
backwashingthe iron removal filters at FairmontlGarvin. An additional expenseis
includedin Condition SetNo. 2 for removalof excessiveradonin thetreatedwater,as
discussedabove.Condition Set No. 3 provides an alternativescenarioin which it is
assumedspentmediamustbedisposedof in an alternatesiteat a highercostthat equals
the value proposedin currentWRT agreementswith other Illinois communities. The
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Figure 5 Projection of Consumer Price Index Through the Year 2025
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alternatesite andcost, basedon informationprovidedby WRT, is more than doublethe
cost of media disposal incorporated into the proposedJoliet agreement.This third
conditionset also includescosts for removalof excessiveradonand, with theothertwo
scenarios,generatesa likely rangeofannualcostsresultingfrom WRTtreatment.

Potentialchargesand feesnot included in any of the scenariosinclude new taxesor
governmentfeesfor disposal,feesresultingfrom waterquality changeotherthanradium
that affects media life, potential state-requiredreserve funds to support removal
technology, and additional fees resulting from an increasein source-waterradium
content.For thepurposesof this analysis,it is assumedthat disposalcharges,regulatory
fees,and taxesdo not increasebeyondthe rateof inflation and that waterquality (both
radiumandnonradium)remainsconstantthroughoutthe life of theterm.

Componentsofthe 1-IMO operatingchargesconsistof chemicalcosts, costsassociated
with backwashingthe co-filtration vessels,and excesslabor costs to maintain HMO
operations.Chemicalcostsweredeterminedbaseduponchemicaluseat facilities where
full-scaleHMO treatmentis operational.No economyofchemicalcostsbecauseofbulk
volumeis assumedfor thepurposeofthis analysis.

Table 2 shows a list of calculationvalues usedto determineoperating expensesfor
HMO and WRT treatmentprocesses.The samevalueswere usedfor both processes
when comparableoperatingcostswere generated(for example,backwashwater costs
for theFairmontlGarviniron filtration plantusingWRT andfor all pressuresfilters using
HMO).

Process Unit Value
hon Filter BackwashCosts Dollars/1000gallons $0.50
Labor Hours/mgd/year 312
Averagewage-2005 Dollars/hour $15
BaseWRT volume Million gallons/yr 5,438.5
Baseinflation index n/a 194.74
BaseWRT treatmentcharge Dollars/yr $1,124,200
BaseWRT volumecharge Dollars/1000gallons $0.22
BaseWRT disposalcharge Dollars/cubicfoot $35
AgreedWRT radiumconcentration pCi/L 13.84

Table2 CalculationValuesUsedin WRT/HMO CostAnalysis
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Results

Evaluationof operatingand constructioncostsfor the two processesusing eachof the
threescenariosdescribedabove and no requirementfor radon removal yielded the
results shown in Figure 6. The broken lines representScenarioA, in which demand
remainsconstantthroughoutthe studyperiod; the dashedlinesrepresentScenarioB, in
which demandincreaseslinearly with time; and thejaggedlinesrepresentScenarioC, in
whichdemandchangesirregularlywith time

The actualdollar differencebetweenthe two technologiesrangesfrom $376,000for all
threescenariosin the first year to between$640,000and $1.05 million in thefinal year
ofthe20-yearstudyperiod,dependinguponscenario.
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Figure 6 Cost Analysis of WRT vs. HMO With No Radon Removal
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Table 3 shows the percentdifferencebetweenWRT and HMO annualcostswith no
radon removal,For all threedemandscenarios,WRT is nearly 15 percentcostlier than
HMO in the first year. That differenceincreasesto between23 and 34 percentby the
final yearofthestudyperiod,dependinguponselectionofscenario.

PercentDiff In Cost(WRT higherthanHMO)
Year DemandProfile

ScenarioA ScenarioB ScenarioC
2005 14.8% 14.8% 14.8%

2006 15.2% 15.2% 15.5%
2007 15.6% 16.2% 17.2%
2008 16.1% 17.1% 19.7%
2009 16.5% 18.1% 17.6%
2010 17.0% 19.0% 18.4%
2011 17.4% 20.0% 22.2%
2012 17.8% 20.9% 22.1%

2013 18.2% 21.9% 25.0%
2014 18.6% 22.8% 20.7%

2015 19.1% 23.8% 26.6%
2016 19.5% 24.7% 24.2%

2017 19.9% 25.6% 23.2%
2018 20.3% 26.6% 24.9%
2019 20.7% 27.5% 29.7%
2020 21.1% 28.5% 33.4%
2021 21.5% 29.4% 26.9%
2022 21.9% 30.3% 28.3%
2023 22.2% 31.2% 34.3%
2024 22.6% 32.2% 31.3%

2025 23.0% 33.1% 33.7%

Table 3 Percent Difference in Cost for WRT Treatment,
Compared with HMO, With No Radon Removal
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Radonremoval significantlyincreasesWRT costs.Figure7 showsannualcostsfor WRT
andHMO treatmentoptionswhenradonremoval is required.
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Figure 7 Cost Analysis Of WRT vs. HMO With Radon Removal

The actualdollar differencebetweenthe two technologiesrangesfrom $739,450for all
threescenariosin the first yearto between$1,003,000and $1,407,000in thefinal year
ofthe20-yearstudyperiod,dependinguponscenario.
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Table4 showsthepercentdifferencebetweenWRT and HMO annualcostswith radon-
removal equipment.For all threedemandscenarios,WRT is 29 percent costlier than
HMO in the first year.By thefinal yearofthe20-yearstudyperiod, thecostdifferential
for WRT increasesto 36 to 45 percent greaterthan liMO, dependingupon demar~d
scenario.

PercentIDiff In Cost(WRT higherthan HMO)
Year DemandProfile

ScenarioA ScenarioB ScenarioC
2005 29.0% 29.0% 29.0%

2006 29.4% 29.4% 29.7%
2007 29.8% 30.3% 31.2%
2008 30.2% 31.1% 33.3%
2009 30.5% 31.9% 31.7%
2010 30.9% 32.7% 32.5%

2011 3t3% 33.5% 3L5%
2012 31.6% 34.3% 35.3%
2013 32.0% 35.1% 37.9%
2014 323% 36.0% 34.1%
2015 32.7% 36.8% 39.3%
2016 33.0% 31.6% 37.2%
2017 33.4% 38.4% 36.3%
2018 33.7% 39.2% 37.8%
2019 34.1% 40.1% 41.9%
2020 34.4% 40.9% 45.2%

2021 34.7% 41.7% 39.5%
2022 35.1% 42.5% 40.8%
2023 35.4% 43.2% 45.9%
2024 35.7% 44.1% 433°!.

2025 36.1% 44.9% 45.4%

Table 4 Percent Difference in Cost For WRT
Treatment, Compared With HMO, With
Radon Removal
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In pastdraft agreements,WRT hasproposeddisposingof spentmediaat Envirocareof
Utah, Inc.’s Clive, Utah, facility at a cost of $78.75 per cubic foot. Recent
correspondencefrom WRT indicatesthat it is basingthe Joliet contracton a different
disposalsitewith lower disposalcosts,resulting in a stipulateddisposalcostof $35 per
cubic foot. ShouldWRT contractwith Envirocareinsteadofthis alternativedisposalsite
after contractuallyagreeingto the lower stipulatedcost, actual disposalcostschargedto
Joliet could be significantly higher. Figure 8 shows annualcosts for WRT and 1-IMO
treatmentoptionsshouldthis situationariseand also includescostsfor radonremoval to
presenta high-rangelikely annualcost. Thesuddenjump in annualcostsbetween2005
and 2006for WRT occursbecausethereis no mediadisposalthefirst year,sincethefirst
mediachange-outis projectedto occurin yeartwo.

Figure 8 Cost Analysis Of WRT vs. HMO With Radon Removal and
ExcessDisposalFees

The actual dollardifferencebetweenthetwo technologiesrangesfrom $739,450for all
threescenariosin the first yearto between$1.60 million and $2.00 million in the final
yearofthe20-yearstudyperiod,dependingupon scenario.
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Table 5 shows the percentdifferencebetweenWRT and HMO annualcosts for this
condition set. WRT is 29 percentcostlier than HMO in the first year and climbs to
between57 and 65 percentgreaterthan HMO by the final yearof the 20-yearstudy
period,dependingupondemandscenario.

PercentDuff JnCost(WRT higherthanHMO)
Year DemandProfile

ScenarioA ScenarioB ScenarioC
2005 29.0% 29.0% 29.0%
2006 46.0% 46.0% 46.2%
2007 46.6% 47.0% 47.8%
2008 473% 48.0% 49.9%

2009 47.9% 49.0% 49.3%
2010 48.6% 50.0% 50.4%
2011 49.2% 51.0% 52.6%

2012 49.8% 52.0% 52.8%

2013 50.5% 53.0% 55.2%
2014 51.1% 54.0% 52.5%
2015 51.7% 55.0% 56.9%
2016 523% 55.9% 55.6%

2017 52.9% 56.9% 55.2%

2018 53.5% 57.8% 56.7%

2019 54.1% 58.8% 60.3%
2020 54.7% 59.7% 63.1%
2021 553% 60.6% 59.0%
2022 55.8% 61.6% 60.2%
2023 56.4% 62.4% 64.5%

2024 57.0% 63.4% 62.8%
2025 57.5% 64.3% 64.6%

Table 5 Percent Difference in Cost for WRT
Treatment, Compared With HMO, With
Radon RemovalAnd ExcessDisposal Fees
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Figure 9 depictsthecumulativedifferencein costover the 20-yearstudyperiodbetween
WRT and HMO technologies.This figure showsthecumulativedifferencebetweenthe
two technologiesusing the linear demandscenario(ScenarioB) underall threeanalysis
alternatives.Cumulativecostdifferencesattheendof 20 yearsrangefrom $14.5million
whenno radonremoval is requiredfor WRT to $32.4million whenradonremoval and
excessdisposalchargesareincorporated.
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Figure 9 Cumulative Difference in Cost (WRT More Than HMO) Over
20-Year Study PeriodBetweenWRT and HMO Technologies
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Cost Risk vs. Time

For this analysis,considerationis given to convertingan HMO teclmo!ogyto RSM due
to regulatory restrictions. Only Demand Scenario B, using straight-line growth in
demandovertheanalysisperiod,is usedfor this evaluation.

Thematerialsand equipmentnot includedin initial capitalcostsofa convertiblesystem
areshownin Table6, along with an opinion of theirprobablecosts.Table 7 showsan
opinionof lost valuefor the initially installedHMO equipmentand materials-thztwould
be unnecessaryupon conversionto RSC. It should be notedthat the cost of backwash
blowersat theFairmontand Garvin plant is not includedin the lost value,sinceblowers
at this facility could be salvagedfor reusein an iron-removalplant. This cost also is
factoredinto the opinionofprobablecost to build anew iron removalplant at Fairmont
andGarvin.

Item Opinion of Probable Cost
Removeanddisposeof HMO $100000
Filter media
PurchaseRSCmediaand install $3,200,000
Build IronRemovalPlantat t5 700 000
FairmontandGarvin 4’

TOTAL $9,000,000

Table 6 Opinion of Probable Costs to Convert Facilities from
HMO to RSC

Severalchangesin operationalcostsresultfrom aconversionto RSMtreatment.If HMO
facilities are convertedto RSM, the radium-selectivemediawill requiredisposal in a
licensedlow-level radioactivewastefacility, similar to WRT mediain previousanalyses.
The estimatedannualcost for RSM mediadisposal and replacementis $1,270,000in
2005 dollars.

Item Opinionof Lost Value
lIMO chemicalmixing andfeed $1,500,000
equipment
BackwashBlowers $25,000
GranularFilter Media $30,000
TOTAL $1,555,000

Table 7 Opinion of Lost Value in Converting Facilities
from HMO to RSC
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A graph of the depreciationschedulefor the lost value is shown in Figure 10.
Depreciationis calculatedusingastraight-lineformula,with a$0 salvagevalueassumed
at theend of20 years.

:: _ __

$1.0 —_________
S $0.8 —___________________________

Year

Figure 10 20-Year Depreciation Schedule of Lost Value in Converting
Facilities from lIMO to RSM Technology

Figures 11, 12, and 13 showtherunningdifferencebetweenthedepreciatedlost valueof
HMO equipment and the cumulative WRT vs HMO costsavingsper year, as shown in
the previousanalysis.Thesefigures do not include anychangesin operatingexpenses
due to the conversionto RSM technologyfrom HMO, nordo they include anycapital
expensesthat maybe incurredinitially if a convertibleHMO-to-RSMtreatmentsystem
is installedat eachfacility ratherthanan HMO-only system.
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Figure 11 depictstherunningdifferencefor theno-radon-removalalternative.The figure
indicatesthat thedepreciatedlost valueis offsetby savingsbeforeyearfour.
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Figure 11 Difference Between Lost Value and Cumulative Cost Savings
of HMO vs. WRT Tcchnology With No Radon Removal
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Figure 12 depicts the running differenceassumingradon removal for WRT facilities
only, anddoesnot incorporatecostsshouldradonremovalbeneededfor RSM treatment.
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Difference betweenLost Value and Cumulative Cost Savings
of lIMO vs. WRT technologyWith WRT Radon Removal
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Figure 13 depictsthe runningdifferenceassumingradonremoval for WRT and excess
disposalfees for WRT spentmedia.As notedabove,operatingexpensessuchas spent
mediadisposalfor RSM arenot includedin this analysis.
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Figure13 Difference betweenLost Value and Cumulative Cost Savings
of flMO vs. WRT technology With WRT Radon Removal and
Excess DisposalFees

Extended PeriodAnalysis

Additional cost analysisoftheHMO and WRT technologieswasperformedusing a 30-
year studyperiod for ScenarioB only. Possibleconversionto RSM is disregardedfor
this analysis.

In this analysis,all physicalcosts(building and equipment)arefully depreciatedat the
end of year20. Also, all HMO injection equipmentis replacedat the end ofthe20 year
periodand is financedusing identical interestand time-periodconditions asthe initial
purchase.The cost of the replacementequipmenthas been adjustedbasedon the
ConsumerPriceIndex to reflectinflation. Building constructioncostsfor WRT, then,are
fully paid in the year 2025, while constructioncosts for only the HMO chemicalfeed
equipment are renewed after 2025. HMO building and filter equipment are fully
depreciatedafter the year 2025. In addition, the estimateddepreciationcost for WRT
filter vesselsand piping is subtractedoff annualWRT operatingcosts after the year
2025. This presumesthat WRT will renewits 20-yearcontractwith the City of Joliet
without incorporating capital expensesinto its annual fees. Thus, amortizedcosts of
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more than $666,000 for filter vesselsand processpiping are eliminatedfrom WRT
annualfeesbeginningin theyear2026.

Figure 14 showsthe annualdifferencein cost betweenthe two technologiesduring the
30-year period for ScenarioB under all threeanalysis alternatives.The initial cost
differencebetweenHMO and WRT is greaterfor alternativesin which radon-removal
equipmentmust be built. When excessdisposalchargesare not incorporatedinto the
analysis,thecostdifferencebetweenthetwo processesis identicaloncecapitalexpenses
arefully depreciated.Annualcostdifferencesrangefrom $376,000to $1.98million over
the courseof the 30-yearstudy period, dependingupon yearand analysisalternative
selected.
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Figure 15 depicts the cumulative differencein cost over the 30-year study period
betweenWRT and HMO technologies.This figure shows the cumulativedifference
betweenthe two technologiesusing the linear demandscenario(ScenarioB) underall
threeanalysisalternatives.Cumulativecost differencesat theendof 30 yearsrangefrom
$20.6million whenno radonremoval is requiredfor WRT to $44.9 million whenradon
removalandexcessdisposalchargesareincorporated.
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Figure 15 Cumulative Difference in Cost betweenWRT and HMO over
a 30-yearperiod for Linear DemandScenario(Scenario B)

APW:pII\S:V~SAI\25I--300\255\303\Wrd\costanalysisIet(erMOOrevision.doc



S
STRAND
ASSOCIATES. !NC.

ENGINE ER S

DennisDuffield, P.E.
City ofJoliet
Page23
August 1, 2005

Summary

The cost analysesperformedindicate that cumulative costs over a 20-yearperiod are
significantly lower with HMO than with WRT. If a convertibleHMO/RSC systemis
installed, the technologywill be cost effective in comparisonwith WRT as long as
conversionoccursat leastsix to 13 yearsafterstart-up,dependinguponconditions.That
conversiontime frame could be shorter if additional fees and finanela] requirements
associatedwith WRT areinstituted.Thoseadditional fees andfinancial requirementsare
not evaluatedin this analysis,sincetheir valuecannotbedeterminedat thepresenttime.
While conversionfrom HMO to RSCresultsin morecapital expenditures,operational
expensesassociated with cither technology are lower than operational expenses
associatedwith WRT.

Extended-periodanalysis indicates that the HMO technology continues
lower annual costs than WRT using the assumptionsdescribedabove,
equipmentis fully depreciatedandreplacedwhereappropriate.

to generate
even afterIt should benotedthat thesecost evaluationsfor all technologiesshould beconsidereda

baselinerangeoniy. Pleasecontactus to discussfurtheratyourconvenience.

Sincerely,

Mark G. Oleinik, P.E.
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