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Mtl•opoliun Edilon Comp�ny 
Pou Office Bo• 480 
Moddlrlown, Prnnsylv1ni1 11057 

THI Program Office 
Attn: Mr. Lake Barrett, Deputy Director 
U. S. Nuclear Regulatory Commission 
c/o Three Mile Island Nuclear Station 
Middletown, Pennsylvania 17057 

Dear Sir: 

March 11. 1981 
LL2-81-0070 

Three Mile Island Nuclear Station, Unit 2 (THI-2) 
Operating License No. DPR-73 

Docket No. 50-320 
Submerged Demineralizer System 

This letter forwards our revised SDS Technical Evaluation Report. 
The revised TER incorporates changes necessitated as a result of 
our continuing re-evaluation of our decontamination plan. 

The primary change dc10cribed in the use of EPICOR-Il as a polishing 
system for SDS effluent treatnent. EPICOR-li utilization will 
provide for enhanced decontamination factor s .  primarily for the 
recalcitrant species and removal of trace radionuclides. Use of 
EPlCOR-II has enabled the effective decontamination of 500,000 
gallons of radioactively contaminated water in the Auxiliary 
Building. 

Your letter, NRC/TMI-80-145, dated November 7, 1980, requests that 
we revise the SDS TER and forward comments and concerns. �e will 
respond to those comments and concerns separately in the very near 
future. 

�e believe that the SDS, followed by EPICOR-II as an effluent 
polishing system, represents a viable and ef!ective method for 
decontamination of the containment sump water and the RCS water. 
Your approval to operate this sytem is requested. 

CXH:LJL:djb 

'Enclosure 

Sincerely, 

lsI G. K. F.O'JEY 
G. 1{. Hovey 
Vice-President and 

Director, TIII-2 

cc: Dr. B. J. Snyder, Program Director-TMI Office 
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Chapter 1 

Summary of Treatment Plan 

1.1 Pro1ect Scope 

The decontamination of THI-2 includes the processing of approximately 

7 10,000 aallona of radioactively contaminated vater contained in the 

reactor coolant syatea and the reactor buildina containment sump. The 

activity level of this vater is aiven in Table 1 . 1 . In addition, 300,000 

aallona of vater to flush the sump is estimated to be required. This vater 

vill also require proceaaing. 

This report describes the Submersed Deaineralizer Syatea (SDS) and the 

vork associated vith the development of the system for the expeditious 

clean-up and disposition of the eontaainated vater mentioned above. 

Specific deaisn features of the systea include: 

1 .  Plac ... n t  of the operatin& aystea i n  the spent fuel pool t o  take 

advantase of abieldins provided by the vater in the pool. 

2. Radioactive aaa collection and treae.ent prior to release. 

3. Liquid leak-off collection and treatment. 

4. Underwater placement of ion-excbanae vessels into a shippins 

cask vithout removal froa the apent fuel pool. 

5. Uae of exiatins !PlCOi-II equipment for poliahina of sns effluent. 

1.2 Identification of Radionuclidea and RadioactivitY Levels 

Water aaaplea vera taken froa the reactor coolant aystea and the contain

.. nt sump. These samples vere analyzed to identify specific radioauclidea 

and concentrations. Typical results are listed in Table 1 . 1. The Reactor 

Coolant Syst .. (RCS) specific radioauclidea and concentrations are based 

upon actual sample data taken. The acs activity is decreasing due to 
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radioactive decay and leakage from the RCS. The containment sump activity 

ia baaed upon aamp1ea decayed to October 1, 1980. The activity level for 

the containment aump shows cood acreement (within 10%) with the estimates 

made in ORNL/TK-7448. 

1.3 Alternative• Conaidered 

During the early phases of developing a syatea for the control, clean-up, 

aod diapoaition of the contaminated water located in the containment 

building of THl-2 , several methoda or alternatives were evaluated. 

These alternatives were grouped into two categories: 

(1) thoae with no volume reduction, and 

(2) thoae with volume reduction. 

Preaented below, are the alternative• considered with a diacussion and 

conclusion about each. 

Alternative t: Leave Contaminated Water in Containment Indefinitely 

(No Volume Reduction) 

Diacuaaion: 

A. Containment Sump Water 

1. Tbe aump water contain• radionuclide concentrations as depicted 

in Table 1.1. The radiation dose rate at the aurface of the 

auap water meaaures approximately 120 R/hr. The exiatence 

of thia relatively high dote rate would cause radiological 

exposure problema during the recovery program, i.e., increased 

expoaure to recovery progr.a personnel, increased contamination 

leve1a, and increased poasibi1ity of airborne radio activity. 

2.  Th e  pretence o f  the contaminated aump water would prevent 

decontamination of the lower levela of the containment 

building. 
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a. Reactor Coolant Syat� Water 

the preaence of the cont .. inated vater in the reactor coolant ayatem 

would inhibit di.aa1embly of the reactor and impede defueling opera

tione. 

Concluaion: Alternative 1 ie not deemed feaeible for the fol lowing 

reaaona: 

1 .  The potential for increaaed peraonnel expoe ure exiat a .  Therefore, 

compliance vith the principle• of ALARA ie not poaaible. 

1. facility decontamination and defueling operation• are serioualy 

inhibi ted or perhapa prevented .  

3. Continued atorage of the cont .. inated vater in the containment 

aump for incTeaaed perioda of ti.e increaaea the proba�ility that 

leakage from the building .. y occur . Leakage of cont .. inated vater 

from the reactor building aump aay threaten the pub lic health and 

aafety. 

4. Continued atoraae of the vater in the containment building for an 

ex tended period of time i a  undeairable. The priaary iaotopea of 

concern {Ca-137 and Sr-90) exhibi t decay half-livea of approxiaately 

30 year a .  Storage in the contaia.ent auap for approximately 300 year• 

would be required for 10 half-life decay. Maintenance of containment 

intearity for thia interval of tL.t cannot be aaaured. 

Alternative 11: Tranafer Water to On-aite Storage Facility (Ro Volume 

!eduction) 

Diacu11ion: 

1 .  To aafely contain the cont .. inated vater, the cone truction of an 

on-1ite liquid radva1te 1torage facility would be required. 

1. Additional radiation areal on the plant aite would be created i f  

a liquid radvaate 1torage facility vere built. 
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3. Eati .. tea indicate the conatruction of a liquid radvaste atorage 

facility vould require tvo to three yeart, at a ainU.um. 

4. A liquid radioactive va tte tranafer ayate. for the tranafer of 

the cont .. inated vater froa the varioua location• to the vaate 

atorage coaplex vould be required. 

5. Handling and pu.ping operation• may involve leakage and the apread 

of contamination. 

6. The reactor building auap vater contingency plan, aubmitted to the 

KlC previoualy, doe• not repretent adequate long-term storage location• 

for the vater. 

7. Diapoaal of the vater prior to natural decay ia required becauae of 

the lona radioactive decay half-lives. Thia alternative i t  not 

repre•entative of an acceptable lons-tera aolution. 

Concluaion: Baaed on the above di tcu11ion, Alternative 11 i t  not a 

featible aetbod. 

Alternative 111: Solidification and Di tpo tal (No Volume Reduction) 

Diacu taion: 

1. The con ttruction of an on-tite tolidification facility vould be 

required. 

2. Baaed on 1,000,000 aallona of cont .. inated vater to be procetscd, 

a 3o-gallon availability of vat�r volume in a 5 5-gallon drum, 

70% availability, 24-hour/day operation, and a 4 5  .inute cycle 

ti .. , the proceaaina tiae may exceed four yeart. 

3. Baaed on 1,000,000 gallon• of cont .. inated vater to be proceaaed 

and a Jo-sallon availability of vater volume in a 55-gallon drum, 
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the auwber of d� of aol141f1ed vaate �at would be ae:erated 

would uceecl 3 3,000. ll&ndl1Q4, tr�portat1on and d1apoaal o! t�ia 

estre-aly Larae �uaatity of aoltd1f1ed v .. te vould be prob1b1t1vley 

expensive aad violate baa1c princlplu of �ntaizina rad1oac:1ve waste 

YOlU.&o 

4. The han411na evolution required to solidify the contaainated vater 

.. , inYolve substantial radiation expoaure to persaanel. 

s. The potential for leakaae and contalnation probln�a uy be aub

St&Dtlal in opereti.na a solidification facUlty for procusing thi.a 

contaainated vater 1D thia II&DD&r• 

CoDcluion: lased on the above considerations, Altern&t1Ye III 1a not 

considered to be faaalble. 

Alternathe tV: Sa.b•qed DeaiaeraU.Zer Syata (SDS) in the "!" Spent 

Fuel Pool and !PlCOI.-tl Syata (Vol� l.educ:t1oo) 

Ducusaton: 

1. The syaua vould be capable of c:oncentratin& f1 .. 1on products on 

a Mdlua to effectively re.:rna those products froa the vater. 

2.  Proceaalna cootaainated water would reault 1D concentrated waste 

requ1r1Da ac!d1t1onal ableldia&• 

3. The �eta incorporates r..ote operabUicy futuru. 

4. Dulp, construction and operation would allow for relatiYely abort 

lu.c! tiM•· 

5. The syat .. vould require 111a.t.al •1ntenance. 

6. The SDS 1a ._nable to locatloo vithin the Spent Fuel Pool 

vhtch would utilize the ableldlca c:apablllty of the pool water. 

7. CoutaiDere of hi&hly loaded lou u:chanae •dia arlalna froa operation 

of the SDS would act be acceptable at abAllov land disposa l  altu. 
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The SDS design and selection of ion exchange media allova volumes 

of such highly loaded media to be minimized to permit interim storage 

and probable ultimate disposal in a geological repositoYy. It is 

believed that the EPICOR-II liners, generated as a result of polishing 

the SDS effluent. will be suitable for shallow land disposal because 

of their lov curie content. 

8. The EPICOR-II system0 used in conjunction vitb SDS. will provide 

the capability to remove trace quantities of radionuclides from 

the SDS effluent. 

Conclusion: Baaed on the above conaideratioaa. Alternative IV is an 

acceptable method for decontamination. 

Alternative V: Epicor II System only (Volume Reduction) 

1. Some contaminated Vaters may require dilution prior to processing 

in EPICOR II to decrease the activity level to leas than or equal 

to 100 uCi/ml. Additional vater volumes vould be created causing 

a requirement for increased processed vater storage volume. 

2. The system has processed intermediate level vaate vaters 

at other locations on the plant site. 

3. The curie loading levels of EPICOR II vessels are limited due to 

shielding design considerations resulting in an increase of the 

following: 

a. Nuaber of vessels and radioactive vaste sbipmenta required. 

b. Processing time• 

e. Additional haudling requirements. 

d. Personnel expoaure. 

4. The aystem require• minimal maintenance. 
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5. Baaed oo current regulatory positions and proposed regulations, 

it ia not clear that the more highly loaded liners from EPICOR-II, 

aa a result of direct proceaa1aa of the sump vaters, vould be 

acceptable for diapoaal at exiating commercial shallow land disposal 

aitll• If thia ia ao, then reduction of volume to the maximum extent 

poaaible is prudent to permit efficient intertm storaae and probable 

ultimate diapoaal in a geoloaical repository. 

Concluaion: The uae of EPICOR II to decontaminate the higher level waste 

of the contai�nt aump vater ia rejected for the following reaaons: 

1. Increased proceased water atoraae volume, number of vessels, radio

active vaate shipments, proceaaina time and additional handling 

require.enta resulting fro• EPICOR II inlet dilution, is not desired. 

2. Higher than necesaary personnel exposures is not consistent with 

the principle• of ALARA· 

Alt.rnative VI: E:vaporation (Volu• Reduction) 

Diacuasion: 

1 .  Evaporation would require the deaign and construction o f  .a nev 

facility. 

2. Due to the nature of the contaainated water to be processed the 

design of the facility vould be ca.plex to allow for maintenance 

of the proceaains ayate. and peraonnel radiological protection. The 

conatruction of the facility .. , require at least four years. 

3. Evaporation provide• the ability to procesa a vide range of chemical 

cootaainanu. 
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Conclution: Evaporatio n it an accep table alternative for procesting 

the eont .. inated vatte vatera. Bated on the long construction time of 

the facility and inherent potential for higher occupational exposure due 

to increaaed aaintenance require.ents, this alternative it leas detirable 

than Alternative IV, Submerged De.ineralizer System (SDS) coupled vith the 

!PICOR 11 ayatea. 

1.4 Description of the Decontamination Proceaa 

1 .4 . 1  Ceneral 

Analyaia of the alternative• previoualy preaen.� has resulted in 

the dete�ination that, of the tvo alternative categori ea considered, 

volume reduction it appropriate for the diapoaition of contaminated 

vater. This concluaion vae reached bated on the considerations that 

volu.e reduction: 

1. fixea the contaminant• 

2. concentrates the activity 

3. aini.ize a  atorage and diepoaal apace 

Of the volume reduction cateaory, the Submersed Demineralizer System 

(SDS) in conjunction vith £�1COR 11 for final polishing, or Alter

native IV, vae cboeen as the aoat appropriate proceaa for the 

followina reaaone: 

1 .  Batie deaign eiaplicity. 

2. High perforaance for decont .. inatina liquida, i.e., decon

t .. ination factor• up to 107, or higher. 

3.  Aaenable to placement under vater to take advantage o f  shielding 

properties of the vater 

4. Ability to implement vater proceeeina in a timely fashion for 

support of the overall obje ctive of fuel removal. 
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5. Ability to u1e e:cinina ,roven plant atructures, equipment and 

technology for containment of the proceaaed vater and final 

process polishina (EP1COI-I1) 

The SDS vitb EP1COR 11 is an ion-exchange proceu e:cpe..:ted to 

provide decontaaination factors of up to 107 for cesium and 105 

for atrontium (see Table 3 .1),  thus removina the majority of the 

activity froaa the vater prior to placement in the Proceued Water 

Storage Tanks. 

1.4.2 SDS Operating Description 

Figure 1.1 ahovs a block diagraa of the process flov of the Submerged 

ne.ineralizer Systea (SDS) vith the !P1COR 11 System. Radioactive 

vater enters the SDS via the acs .. nifold or the ion exchange 

.. nifold vhich allovs procesainc of the Reactor Coolant System (RCS) 

or the containment auap vater. Thia feature is provided so that a 

means of SDS proceaaing of the RCS vater is available, if required. 

These tvo sources of vater can pa11 throu&h tvo cartridge-type 

filters for removal of particulate .. tter. The vater is temporarily 

stored in four 15,000 gallon storqe tanka located in the "A" SFP, 

�ich are a aource of feed to the SDS. 

Containaent suap vater i1 puaped froaa the vaate storage tanks 

to the ioa-excbanae ayat�. ICS vater, if processed by SDS, 

bypasaea the vaate storage tanka and can be pu.ped directly to the 

ion-excbanae aystem. 

s .. ple connection• are provided on the influent and effluent of the 

filtera, and influent to the ion-exchange ayatem to determine 

radionuclide content and concentration• of the vater to be proceaaed. 
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The firat part of the SDS ion-exchange eyetea conalate of els 

underwater ve11el1 (24 1/2 ln. s 54 1/2 ln.), each containing 

approsiaately 8 cubic feet of zeolite ion exchange media. 

Zeolite .. dla volumes aay be chanaed to reflect different proceeslng 

ecenarlos. Inlet, outlet, and vent connections are aade vith 

remotely operated couplin&•• The veaaels are arranged in tvo 

parallel trains with three coluans ln each train. Plov aay be 

directed throuab one train of three veaeela or throuah both trains 

in parallel. Loadins of tbe veseels vill be controlled by feed batch 

size, residence tiae, influent and effluent sample analyais, and 

eontlnuoue monitorina• 

Pr .. ent SDS operations are envieioned to provide for radionuclide 

loadina of the zeolite .. dia to approximately 40,000 Cl at the time 

of ahipplas• This loadina level ie baaed on rest=lctione iapoeed 

baaed oa the ehieldina provided by the Cbea-Nuelear 1-13C ehipping 

eaek. Proa the point of view of vaete volume seaeratlon lt ls 

d .. irable to load the zeolite& to hiaher levele. Preaently, 

General Public Utilitiea 11 directina the perforaance of atudies to 

pra.ide for blaher radioloaical loading• of the aedla (60,000 Cl and 

120,000 Cl} to provide a lower vaate voluae generation. Should it 

be dete�ned to be deairable to utilize higher radiological 

loadinaa in the zeolite media, ve vill inform the NRC and requeat 

peraission to proceed to hlaher radioloJical loadinga. A different 

shippina eaak will be identified at that time. 
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Wben tbe deaired bed loadioa ia achieved oa tbe firat bed of the 

train, the feed flaw to the train vill be atopped, the bed vill 

be fluahed vith clean vater, aod the firat bed vill be diacoooected 

aod moved to the atoraaa rack in the apeot fuel pool uain& the pool 

area crane. The aecond and third beda vill be diaconnected, moved 

to the firat end aecond poaitiona, reapectively. A uev ion exchanger 

veaael ie then inatalled in the third poaition. Following inatalla

tiou of the uev ion-ezcbanaar, the treat.ent of tbe coutaa1nated 

vater vill rec�nce. Tbia operational conce}lt, vbicll 1a the 

currently intended .ode of operation, baa elt.ioated the poten-

tial for nlvtua errore and alao llint.iaea the po .. ibUity o! an 

uoeJq�ecud radiouucUde "breakthroup" vbidl could recoataaioate the 

vater already proceaaed. Thia .ode of operation aay chaos• if the 

proceaaiua aenario chana••· 

The aecond part of the SDS ion excbanae ayat .. conaiata of tvo 

parallel ion-excbanae veaaela located undervater and immedi-

ately davuatreaa of tbe zeolite bada. Theae fou exchanse beda 

vill contain cationic exdlauae .. dla prt..rily for removal of the 

reMiDina atrontiua iaotopea. The columa are intended to be 

operated aiD&lY· lllen the SDS ia procuaina cootaainated aWip 

vaur, the effluent fr011 the ion exdlauaera can be aept to EPICOII.-II 

for poliabina• Wben procuain& reactor coolant the effluent ia 

routed to inatalled tanka&• for 1Djection back into the Reactor 

Coolant Syatea aa a aource of Mkeup. 
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The tpent ion-exchanaer• aad filter• of the SDS vill be retained 

under vater in the tpent fuel pool until reaoved. To transport •pent 

ion-exchanaers aad f ilter•, they vill be loaded into shielded casks 

While under vater and re.oved froa the •peat fuel pool. Follovina 

decoat .. inatioa of the catk 1urface, the cask caa thea be loaded 

onto a trailer for tran•portatioa. 
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lao tope 

B-3 

Sr-89 

Sr-90 

Sb-125 

C•·l34 

Cl·137 

pa 

Boron 

Ka 

TABLE 1.1 

Typical Re1ult1 of Analy1i1 froa 
tbe leactor Coolant Sy1te. Water and 

tbe Coataia.eat Su.p Water 

• 

ladioauclide Concentrations 
uCi/al 

Reactor 
C4o1aat C4ntairaeat 
Sy•t- SUIIIp 

(S .. ple Re1 ult1 February, 1981) (Decayed to October, 

0.066 0.97 

0.25 (not a.aalyzed 2-81) 0.18 

23 2.64 

1.6 J: ur3 (aot a.aaly�ed 0 .0091 
2-81) 

3.4 27.7 

2S 172 

7.6 8.6 

3800 pp:ll 2000ppa 

1240 PS:O (not analyzed 1100 ppa 
2-81) 

1980) 

Vol\81 88000 &alloo• 625000 sal1oal1 

1 The coataia.ent 1uap volu.e i1 iacreAiin& about 150 salloa1/day due to 
\ukase frc. the Reactor Coolant Sy•t-. 
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Chapter 2 

Su ... ry of B�a1th and Enviroaaental Effects 

2.1 Occupational Radiation !!poaure Durin& loutine Operation 

Tbe SDS baa been deaigaed to .. inta1D radiation expoeurea to operating 

peraoonel aa lov aa raaaoaably achievable. To 18ple.ent the ALAIA concept, 

the follovina features have been incorporated into the SDS design. 

o Shleldina baa been designed to lt.it vhole body dose rates in 

operatina areas to leas than 1 .a .. /hr. Tbe filters and ion

eachanaers are located approaiaately 16 feet uadervater for sbieldini• 

Co.ponenta and piping carryint blah activity vater not contained 

underwater in the fuel pool have been provided vith ahieldlna· 

o Controla and 1Datru..ntat1on are located in low radiation area a. 

o Co.poaenta conta1Dina high activity vater have been duigned for 

uhauat to tbe SDS Off Cas Syst... The Off�aa Systaa vill .S.nl.llize 

the potential for exceaaive airborne radioactivity releases in the 

vork areae aad to the environ.ent• 

Additional desian and operational ALARA feature• are given in Section 6. 

The occupational exposure for the !PICo•-II ayst .. vas assessed in KUREC-

0591. Tbe occupational radiation exposure for tbe EPICOlt.-II s.,st .. vill 

be lover for tbe procesaiaa of the effluent froa the SDS than previously 

procued by EPICOR-II a1Dce tbe influent activity to the !PICOB.-II froaa the 

SDS hu been eubatantially reduced hy proceasiaa the radioactive vater 

tbrou&h tbe SDS. 

2.1.1 !!posure Plannina 

Several activities vill be t.ple .. ated prior to and shortly aftar,the 

SDS start up to assure occupational expoauraa are .S.nimized. These 

activities include: 
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o Review of operatina, .. intenance and aurveillance procedures to 

uaure precaution• and prerequiaitea are adequate. 

o Review of the installed ayat� to identify potential problems durin& 

operation and the impleaentatioo of corrective actions. 

o Operational evaluation• durin& preoperational teating and syst� 

training vill be perfo�d to update exposure eatimatcs. 

o Dete�nation of radiation doae ratea durin& normal operation• and 

.. intenance evolut iona vi 11 be perfota�ed. 

Aa theae reviewa are ca.pleted, operatin& and aurveillance frequenciea can 

be eatlbliahed; total occu pational expoaurea can be updated for the variou a 

acti•itiea duriaa SDS operation. Thia eserciae vill pe�t review of thoae 

activitiea eati .. ted to yield the hilheat man-r .. expenditure. Pr..-exaain

at ion to uau:n that every reuonlb le effort ia expended to ai.nimiu 

peraonoel expoaure say include the follovina conaideratioas: 

o Reduction of tbe frequency of operation 

o Teaporary or additional ahieldin& 

o Tool aodificatioaa 

o Procedure DOdification 

o Peraonael trainina to reduce vork ti8e 

0 Coaponeot .ocH ficat ion a 

2.2 !spoaurea to the Public Durins Routine Operation of the SDS and tP 1COR-11 

Haxi•u. individual doae ca.aitmenta baaed on the radionuclide concentration• 

presented in Table 1.1. for 50 days of operation of the the ayatea, (the 

total tiae required to proceaa 710,000 aallona of vater at 10 apm) are 9.47 

• to- 3 cea for total body espoaure, 3.57 x 10-4 en for bone espoaure, 

4.65 x lo-1 mreD for thyToid expoaure. and 8.82 x 10-3 arm for C 1  

tract expoaure, The dose to the thyroid of a one year old child ia eati

aated to be 3.49 x 1o-1 cea. The total body doae to the entire population 

vithin 50 ai.lea ia calculated to be 0.15 aan-rea. 
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It is t.portant to emphasize that conaervative asaumptiona (tending to 

.. xta1ze dose) have been applied throuahout the calculation of maximum 

individual and population dose. !ven vitb the application of conserva

tive par ... tera, the population doaea have been evaluated to be accep

table. A detailed •�ry of the .. thod used to e.ti .. te the maximum 

individual dose and the population dose ia included in Chapter 6. 

2 . 3  !valuation of Unexpected Occurrences 

The radioloaical aaaesa .. nt of unexpected occurrences includes the analysis 

of five hypothetical accidents that are postulated to occur durin& operation 

of the 8J&t•· 

The first accident t. an inadvertent pu.pin& of contaia.ent vater into the 

fuel etoraae pool until a total of 450 aallona of radioactive vater 1s 

ral ... ad to the pool. Ho expoauree occur to the public since the coataai

nated water is contained in the pool. The .. xi.ua exposure rate at a 

dietaace of eix feet above tbe pool surface is esti.ated to be 1 16 .R/bour. 

Since the releaee of veter occurs underwater, no aianificant exposures are 

expected for workers. The prt.ary iapact of the accident is the contaai

nstioa of the Vater in the Spent Fuel Pool (2 33,000 aallons). (Refer to 

Section 7.1) 

The second hypothetical accident aaau.ea a pipe le ruptured and contaia.ent 

vater 1a sprayed into the buildiaa and fuel storaae pool. It 1a possible 

that vorkera could be coataainated, however, pr011pt blpl .. atation of 

... raeacy procedures would .tnt.i&e radiation exposures. The .. xl.um 

exposure rate three fee,t above aa area oa the floor on vbieh the spray 

vater resides is expected to be 8.64 1/hour. The radioactive .. teriala 
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vould be contained vithio the buildin& except ... 11 amounts of 

radionuclidea that vould become airborne and aubacquently be releaoed 

throuah the .ooitored atation diacharge. Thia airborne radionuclide 

releaae vould not reeult in airaificant expoaure1 to the public. 

(Refer to Section 7.2) 

The third hypothetical accident evaluated conaidera the inadvertent 

raiain& of a loaded prefilter above the pcol eurface. The doee 

rate at a diataoce of 15 feet froa the eource ia eatiaated to 

be 21 t../bour aod could reeult 1o a do .. of approxiutely 1.8 r .. 

to vorkera Vbo r ... in in the area for a five .tnute period. (lefer 

to Section 7.3) 

Th e  fourth hypothetical accident evaluated conaidera the inadvertant 

raiain& of a loaded &eolite lou excbanaer above the pool aurface. 

The doae rate at a diatance of 20 feet froa the aource ia eatiaated 

to be approxt.Ately 297 a .. /hr. (Refer to Section 7.4) 

The final hypothetical accident cooaiden the inadvertaot drop 

of the SDS ehipplng caak cootaioina a loaded zeolite iou excbaaaer. 

The SDS ehippina ea.k ia aaau.ad to be dropped froa the .axt.u• 

heiaht of the fuel Sandlin& Buildina crane to the EL 305' floor. 

The doee rate raaultln& fro. a co.plete rupture of the SDS ahipping 

caak at a diatance of 20 feet ia approxt .. tely 297 laa/br and 

aaau .. a rupture of both the caak and the veaeel. The ... 11 amount• 

of radioouclidaa aaau.ed to beca.. airborne vould not reault ln 

aianificant expoaurea to the public• Alao there vould not be a 

aiaoificant effect froa direct radiation axpoeure to the public. 

(lefer to Section 7.5) 
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The evaluation of unexpected occurrences for the EPICOR-11 system 

vas analyzed in NUREG-G591. The potential releases froa processing 

SDS effluent vater vill be aignif1cantly lover because of the lover 

concentration of vater being proceaaed through EPICOR-II froa the 

SDS. (See Table 3.1) 

2.4 Industrial Health and Safety 

2.4.1 Public Safety 

Operation of the Sub .. raed Deaiaeralizer Syatem poses no risk from 

an icduatrial aafety atandpoint to the general public for the 

follavin& reaaona: 

1. Lifting and handlin& activitiaa deacribed take place vithin the 

tKI cot�plex. 

2 .  Hazardoua che.ical apeciea, fl .... ble or ezploaive substances, 

heavy induatrial procesaea, and concentrated manufacturing 

activities are not involved in the installation or operation 

of the sns. 

3. No toxic aubatancea are uaed in the sns. 

2 .4.2 Occupational Safett 

Durin& the operation of the SDS, operating personnel vill adhere to 

atatioa requlr ... au for occupational aafety. Structural equipment 

and operatic& equip .. at uaed shall •et Occupational Safety and 

Health Ad.tniatratioa requtr ... nts aa applicable. Peraonnel 

protective equip .. nt that vould be required for the operation of 

the SDS vili be utlliaed in accordance with atandard station pro

cedure•• 
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2 .� Non-Radiological Environmental Effects 

Adverse environmental effect� froa the construction and operation of 

the SDS are not anticipated. The ayat� vill be installed and operated in 

an esiatina. on-site facility anJ thus vill not require any change in 

\and-uae. Additionally • the ayata is duianed in such a manner u to 

allow zero diacharge of liquid effluents to receivina vaters. The final 

disposition of the processed vater vill be determined at a later date. 

Solid vaatea (spent ion-escbanaera. etc.) aenerated by the SDS vill be 

stored and held until final disposal is accaapliahed. 

2 . 6  Oltiaate Waste Disposition 

There are sever&� open iaauea aurroundina ultiaate disposition of radio

active vaatea arisina fraa the operatioo of the SDS. CPU baa been ioformed 

by the NRC (Aherne to Dieka:2p0J&nuary 12. 1981) that: "Certain types of 

vaate aenerated by THl-2 cleanup operations vill contain types and ..aunts 

of radioactivity that are aianificantly areater than normal reactor lov 

level vaatea. Such vaatea vill have to be put into an interim form which 

can be safely ltored uotil subsequent steps can be developed." Discussions 

are uadervay vith the Department of Energy vith reaard to offsite ioteriua 

storaae and ultimate disposition of this aaterial. Until final decisions 

are .. de reaardina off-site iateria atoraae and ulti .. te disposition, 

atoraae on site can be conducted safely. It is believed that the lover 

loaded liner• arisina froa the use of EPICOR 11 •• a po lish ina system are 

acceptable for shallow land diapoaal. 
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3.1 Introduction 

Chapter 3 

Procea1 D�lcription 

A coabinad filtration-ion exchanae proce11 ha1 been •elected as the method 

for treatina radioactive vater contained in the reactor coolant 1y1tes 

aDd contaia.ent buildina. The filter ion - exchanae .. thod baa been u1ed 

aucceaafully to reduce quantitiea of radionuclidea to levels that are in 

compliance vith 10 era 20 and 10 CFR 50. 

Purtharaore, expert-ants conducted at OIHL, docu .. ntad in OL� report 

tK-7448, provida evidtnce that SDS proceaaina, folloved by EPtcoa-tt 

polilhiDa, ahould provide an effective .. tbod for vater decontamination. 

The initial proceaaina of the vaata vater ia filtration for the rewoval 

of aolida to optt.ize the aubaequant ion-exchanae proceaa. Filtration 

1a believed to be neceaaary to protect the zeolite beda froa particulate• 

1D the au.p water. 

After filtration, radioactive ion removal froa tho vaate vater involvea the 

uae of ion-excbanae material•· Tba flrat three lon-axchanae colu.aa 

contain an inoraanic zeolite .. tarial vhicb effectively removea ea1entially 

sll of the ceai� and �cb of the atrontiua. Other trace levela of radio

nuclide• are alao partially reaoved by the zeolite .. dia. The radioactivity 

content in the affluent atreaa of each bed ia uaed to deter.ine vhen the 

bed ia expanded and replaced. After leavtaa the &aolite exchanaera, the 

r ... iniDa atrontiua in the effluent atreaa ia effectively reaoved by the 

atrontiua - apecifie cationic excbanae .. dia contained in the next 1on

azchaaaa colu.u. 
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Final de.ineralization of the cont .. inated sump vater is intended to be 

proceaaed by !PICOR-11 equipment. Eaaentially, all remaining diasolved 

radionuclidea are expected to be re.oved froa the vater during thia proceaa 

ltep. 

3.2 Ion-!xchanse Concept• 

Ion-exchanaera are aolid inorganic and organic aateriala containing ex

cbanaeable cations or aniona. When aolutiona containing ionic apcciea 

are in contact vith the retia, a stoichio.etrically equivalent amount 

of ions are excbaoaed. M an e:uaple, an ion-exchanger io the aodiUII 

(sa•) fora vill "soften" vater by an ion-exchange proceaa. Bard vater 

containina CaCl2 it "softeoed'1 by this exchange mechaniaa which removes 

the ca•• ioaa from aolution and replaces them vith Na• ions. In a 

si•i lar aaoaer, sr++ and ca• ions are exchanged vi. th the Na• ions 

froa the solid zeolite .. terial. 

Characteristic properties of ion exchangers involve micro-at�uctural 

features contained in a fraaevork held together by chemical bond• and/or 

lattice enersy. Bither a positive or negative electric aurplus charge is 

carried vithio thia fra-vorlt \otlicb •uat be compcnuted for by ions of 

oppoaite tito. Because the exchange of iona is a diffusion process vithin 

the structural fraaevork, it doea not conform to oor8al chemical reaction 

kinetics. The preference of ion-exchangers for a particular apccie is due 

to electroatatic interactions between the charged fra.evork and the ex

cbaaaina ioaa lllbich vary io size and charge nUllber. 

The decontaainatioo factor (�P) it the ratio of the concentration in 

tbe influent ttre .. to that io the effluent stream and is used for deter

ainiaa the efficiency of a purification process for radionuc lide removal. 
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The follovina equation ia a qualitative expreaaion for the removal of a 

aiaale ionic apec i e  fr011 aolution. 

OF • 

were: Q • Total exchanae capacity (uq/111 vet ruin) 

a • Fraction of Q uaed 

Ev • !quivalent weight of the nuclide under conaideration 

Cf • Nuclide concentrat ion (ve isht/volume) 

V • Feed throughput (number of ioa-exchanae bed volumea) 

l • Unit coaveraion constant 

taportant variables vbich are considered aa part of the evaluation of ion-

exchan&en for decont•ination an ion exchanae tDedia type, aelec t i v i ty and 

capacity, concentrat ion of the apeciea to be reaoved , total c011poaition of the 

feed atre ... and the preaence of coat .. inanta. Operat ins par�ters such aa 

reain bed aize,  flow rate, flov distribution, pH , and temperatures are speci fied 

for the ion-exchanae beda in order to eaxiaize removal of the contaminatiaa 

iona. 

Speci f ication• Which have been defined for thia pur ification process include: 

(1} The flow rate to provide an acceptable residence ti• for ion d i f fusion 

and exchanae to occur . 

(2) The croes-eectional area of the ion-exchanse .. d i a  to provide an acceptable 

l inear velocity throuah the bed . 

( 3) The bed depth to reeult in an acceptable preeaure drop. 

(4} A unifora flow distribution and a unifora .. d i a  distribution to reduce 

potential for channelina . 

ion-exchanae media bead eize to a iniaize attr ition and large pressure 

- 22 -



(6) The curie loading to satisfy personnel exposure, radiation damage, trans

portation, and storage regulations. 

(7) The cation fo� and the amount of ion-exchange media i=purities to maximize 

re.oval of specific nucliQes. 

3 . 3  lon":'!xchange Materials 

The ion-exchanger media selected for use in this proceuing aystem are 

an inorganic zeolite material that is commercially available and known 

u ton Siv IE-95 (formerly A\1-SOO ) ,  cationic ion exchange media, and cation 

and anion resins to be uaed in EPICOR II. 

Zeolites are aluminosilicates vith framevo�k structures enclosing large and 

unifo� cavities: Because of their narrow, rigid, and uniform pore size, 

they can also act u "molecular sieves" to sorb small molecules, but to 

e%clude aoleculea that are larger tban the openings in the crystal framework. 

Other media are also being evaluated. Should our plans chL�ge vith regArd 

to ion exchange media to be employed, ve vill notify the NRC. 

Organic ion exchange resins are typically gels and are classified as 

croaa-linked polyelectrolytea. Their framework, or matrix, consists of 

an irregular, .. cromolecular, three-dimensional netvork of hydrocarbon 

chains. ln cation exchangers, the .. trix caaies ionic groups such u 

S03, COO, (P02)3• and in anion exchangers groups such u tnr+4, 

�. s• are carried. The fr..evork of the organic resins, in contrast 

to that of the zeolites, ia a flexible randoa network which ia elastic:, 

can be expanded, and ia made insoluble by introduction of cross-links 
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Which intercouoect the varioul hydrocarbon chalol• The extent of cro••

llakina altabll•h•• the ... h vtdth of the aatrix and, thu1, the degree of 

.velltoa and the tou .ob111t1el vtth1a the re11o. Thi1, to turu, determine• 

the lou exchanae rat•• and the electric couduct1Yity of the r .. tn. 

Since the .. chant•• of the ton exchanae proceaa involve• the sto1ch1oaetric 

exchanae of tona betveen the exchaaaer aad the tolutioa vbile electrical 

aautral1ty 11 .. tnta1ned, the rate deteraintoa 1tep 11 controlled by the 

1Dterdlffu.ioo of tons vtthtn the fr ... vork of the ion-exchanger . Since 

the rate of iou exchanae 1a deter.ioed by dtffu.tou procea1ea, rate lava 

are derived by ap11lYiDI toall-knovo diffu.iou equ.tiOUI to 1on-exchanae 

ayate... Bovever, ca.plieatiooa arile froa diffuatoo-taduced electric 

force1, fro• ••lective.ly 1peeific interactiona, and changu in IWllioa 

1ucb that rate lava are applicable for only a fw liatted eatu. !xperi

.. otal effort• have been conducted at the Savannah River Laboratory to 

ioveniaate the kinatiea of c .. tua aod 1trout1ua ion-exchaqe vith the 

&eolite exchaoaer. Ceeiumvaa adsorbed ao rapidly that only rough e•

tiaat .. of the diffusion par ... ter could b. obtaioed. the reaultioa 

equ.tioa. uaed to calculate cotu.D perfor..oce. did oot iDvolve kinetic 

par ... tere but val auitable to deacrtbe the equilibrtua coluaa behavior. 

3.4 •••to Selecttop Criteria 

Technical infor.atioo obtaiDed froa prrrioua uae of varioua ton-exchan&e 

aateriala ad the raaulta of recent expert..otal work vt.th alD&lated 

and actual va�ar 1111plea froa Three Mile Ialaod wre uaed to 1upport the 

aelecttoo of apectfie too axchan&e aatertala for thta proeeaatoa eyatea. 
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r-------------------------------------------------------------------------------·---------

The perfor.ance �f an ion exchao&e ayatea ia control led by the phyaical and 

cheaical propertie� of the exehanae aaterial aa vell as by the operating 

conditione apeci fied in Section 3 . 2 .  The U.portant criteria which ·�re 

uaed io the ion exchanger aelection proeeaa included: 

(1 ) !xchanae capacity 

(2) Swelling equilibriua 

( 3 )  Degree o f  croaalinkiog 

(4) Re1in particle ai&e 

(5) Ionic aelectivity 

(6) loo-exchanae kinetic• 

(7) Oteaical, r adiolyt ic ad phyaical atability 

(8) Pnvioua de.onatrated per for.ance (EPICOll-11) 

!xperi .. ntal atudiea vith reactor coolant vater h.ve been conducted to 

aupport end verify the aelection of theae ion-exchanger•; refer to ORNL 

TH-7448. The decontamination factor• for the .. jor cont.ainantl vere 

MUured u1ina a nUIIIber of candidate ion exchaogen including the organic 

reaine, KCl-5 and SBR-OB, and the &eolite ION SlY 1!-95. The reeulte 

indicated the meet favorable type of ion exchange .. dia to be uaed in the 

cleanup proe••• vere the cvailable cation-anion re1ina in combination vi th 

the &eolite exchange r .  

Fur·.hen10re, a e  a ruult of proceuina approxiaately 500,000 gallon• of 

rad:oactive ly contaminated vater in the Auxiliary Building, ve ar e confident 

that the SDS, vith !PICOR-11 ueed ae a polilhlng ayatea for treate!nt of 

SDS •ffluent, can provide an e f fective .. ane to decontaminate the highly 

�ont .. inated vatere . !PICOR-II reein loadina• may be altered to improve 

poliehing effectiveneae, i f  required. 
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3.5 Predicted Perforaance of 1on-lxchanaere 

The concentrations of radloauclldee in samples of vater from the containment 

bulldln& au� have been .eaeured. Those radtonucltd-. etlll detectable in 

Sept.-ber, 1979 included the laotopea Sr-89 and Sr-90, Ca-134 and Ca- 137, 

and Sb-125 and tbe abort-lived Nb-95, lu-103, La-140, end 1-131. By 

October 1980, tbe only r..aiDtaa elantficant isotopes are Sr-89, Sr-90, 

Sb-125, 1-129, C.-134 aad Ca-137. The expected performance of the SDS 

too-exebansera, and tbe EP1COI-11 loa exehaagera la ehovn in Table 3 . 1. 

The conceotrattone of atroattua end ceatua are expected to be algntftcantly 

reduced by proceaaiag tbrouah the SDS sad !PICOI-11 ayatea. 

Actilloay 1e apect.ad to paea tbrouan tbe SDS too uehanaers and vlll 

end up ae the predo.inant , .... a.itter 1D the solution euterta& tbe 

!PICOI-11 ayatea. Tbe concentration of Sb-125 1n the coataia.eat buUdtna 

auap aaple 1a appro:d.Mtely 0.0091 at.crocuriea per at.ll111ter. 

3.6 Konltortna of Ion Excbanaera 

Hetboda used to .anitor the effecttveaeaa of the ion exchanaera include 

liquid a.-plio& and to-line radlatioa detectors. Liquid aa�lea of feed 

and effluent atre ... can also be used to eatablieb the approxt.ate curie 

loedlqa in the loaded beds. Tbe detectors eaplina tbe cation influent 

caa provide aroaa actlvt� iadtcatioo to provide the aeceeeary protection 

for the cation beds. 

- 26 -



---- ---- ·  --- - ------

TABLE 3 . 1  
Eape�ted act iv ity �onceotratiooa• i n  SDS proceaa atre .. • 

after 200 bed vo 1u.ea throu&h each �o1 1te bed 
(Baaed on cootinuoua flow three &eo l l te colu.na) 

Effluent �oncentratlona1 I ucu • • •  
Zeol ite �OlUIWII Cation 

Huc lide Feed Fi l t e r  rint Second Thlrd colu.n 

3u 1 .0 1 .0 1 . 0  1 .0 1 . 0 1 .0 

60eo b b 6!-5 6!-5 6!-5 6!-5 

89sr S, l!-1� 5 . 2!•1C 6 . 6!-3 6!-4 5 .9!-4 5. 2!-4 

90sr 2 . 29C 2 . 26C 3 . 2£-2 2 .8!-3 2 . 7£-3 2 . 4£-3 

951fb b b 1 .9£-S 1 .0!-S 1 .0£-5 1 ,0!-S 

10lRu b b 2 , 9!-S 2 .4!-S 2 . 4£-S 2 . 4!-S 

106au b b 2 .4!-3 2 . 0!-3 2 . 0£-3 2 . 0£-3 

1 2Ssb b b 1 .9!-2 1 .9£-2 1 .9£-2 1 .9£-2 

1 34ca 2 .62£+1 2 .62!+1 2 . 4!-3 5 . 3£-4 5 . 0!-4 5 .0!-4 

1 3 7ca 1 . 56£+2 1 . 56£+2 1 .41!:-2 3 . 3£-3 l . l£-3 3 . 1£•3 

144ce b b 4 . 7£-4 4 .  7£-4 4 . 7£-4 4.  7£-4 

• In uCi/•1 •• of July 1 ,  1980 baaed on ORHL/TH - 7448 

b Hot detec t ed . 

Effluent 

!PlCOR- t td 

1 . 0 

lE-6 

2!-6 

9£-6 

8!-8 

< 1£-6 

(1£-6 

6!-6 

l!-6 

JE-5 

<1£-6 

c D i f ference• in at ront l ua  concentration• between feed and f i l t er effluent baaed on e•t iaate of 500 sa l 

of aolida in 700,000 &•1 of water. 
d Baaed on !PlCOR-1 1  Syal� perfor.ance 



Q\a pter 4 

S ubmersed Demineralizer System Desi&n Basis 

4 . 1  Introduction 

The S ub.er&ed Demineralization System (SDSi it an underwater ion-exchan&e 

syttea Which ha t been s pecifically desisned to proce11 hisher-level vaste 

watera*, vith inherent •yatem feature• for reduction of occu pational 

and environmental expo•urea. The SDS will be submersed in the s pent fuel 

pool ( 1 )  to provide thieldina durin& operation ,  (2)  to pea-it acce•• to the 

aystea durin& demineralizer chaa&eout, (3 ) to ain �ize the hazard from 

potential accidents , a nd  (4)  to utilize an existina Sei..Uc Cate&ory I 

facility. In conjunction vith the SDS , the EPICOR-11 system i s  used to 

provide final politbins of the SDS effluent vater for removal of trace 

quantities of radionuclide t. 

Desip features for the SDS icc:lude : 

1 .  A prefilter and final filter in teries, tvo parallel trains of 3 

zeolite ion-exchansers in series, and tvo cationic ion-exchanser• in 

parallel followed by the EPlCOR-11 equipment to achieve desired procea• 

flow ratea and decontaaination factors (DF' s ). 

2 .  Series operation loaic tbat allova for tequeocins the �ineralization 

uaita to prevent activity breakthrou&h in the final zeol ite bed and 

aaxiaize activity loadin& on apent beda to accaaplish the beat poaaible 

voll..-. reduction. 

The deai&n objectivea are aa followa :  

a .  A totally intesrated ayat� that it as independent aa poeaible from 

exiatin& vaate syetema at the Three Mile leland plant. the SDS ia 

a t .. porcry syat .. for tbe recovery of THl-2 . 

* Hi&her-lnel vute vaten ue tboee contaainated vatera havins &TOll 
actiwity concentration• in exceaa of 100 uCi/al. 
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b .  A syste. that h .. the capability to reduce the f i u ion FOduc:t concen

tration in the contaminated vater and has optional capab i l i t ie s  for 

re.oving eheaical contaminants to perait future dispos i t ion of the 

concentrated vaste fora. 

c .  A syste. tbat could be operated vith a ainiau. o f  exposure to 

personnel and a negligible risk to the public . 

d .  A systea that could accomplish the object ive l i sted above in a t iDely 

and coat effect ive aanner. 

e .  A aystea that incorporates knovn and de.onatrated processing equipment , 

aaterials and techniques .  (EPICOR-11) 

4 . 2  Co.ponents of the SDS Waste Processing Syste• 

The SDS i s  ca.prised of the folloving coaponent s ,  a l l  of wh ich vil l  be located 

in the Unit 2 A f ue l  po o l ,  B f ue l  pool , or in the near vicinity of the B fuel 

pool . (See Figure 5 .6, General l.ayout Plan . )  

1 .  Feed f i l t er ing syst�; 

2. Feed tank syste. - cona i !t i ng of the existing t ank fanD, ( four 15 ,000 

gallon tanks ut i l ized as one 60 ,000 gallon tank; ) 

3 .  Tvo paral lel priaary ion exchange trains, each compr ised of three 

to-cubic-foot vesaels loaded vitb 8 cubic-feet (noainal) of zeo l i t e  

exchanse Mdia; 

4. TVo parallel ion exchange beds containing cat ionic ion exchange .ed i a  

pr ilaarily for atront iu. radionuc lide reaoval ;  

5 .  A monitoring and s .. pl ing syste. for control of de.ineralizer un it 

lollding; 

6. A tecoadary contaitaent aystea fo_r tbe filters, zeol ite and cation 

beds and radi at ion � ielding for piping, valve s ,  sampling, and moni toring 

ayste.a; 

7 .  1Vo eonitoring tanka for collect ing treated vater. 
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8. AD off-gaa system for tr�ting aad filtering gases aad vent air from 

the aystea; 

9. Aaaociated piping, valving, and structural supports required for place

.. nt of system co.ponents; 

10. Auxiliary syst... including underwater ion-exchange column storage, a 

devateriag a yatea, and analytical equipment; 

1 1 .  Vent system to allov for venting of atored vessels. 

Tbe !PICOR-Il syste11 1e dovaatr� of the stiS process flov stream for 

ra.oval of trace fiaaica products th�t ace aot re.oved in the ion exchange 

.. dia of the SDS. 

4 . 3  Su�raed Deaineralizer System Design Criteria 

4 . 3. 1 Deaigp Basis 

legulatory ;uidaoce followed during the design of the Submerged 

Deaineraliaation System vaa extracted from the folloviag documents: 

o u.s. Nuclear laaulatory Guide 1. 140 dated Karch, 1978 

o u.s. Nuclear Regulatory Guide 1. 143, dated July, 1978 

o u.s. Nuclear leJUlatory Guide 8.8, dated Juae, 1978 

o u.s. Nuclear lagulatory Guide 8. 10, dated Kay, 1977 

o U.s. Nuclear Regulatory Guide 1 . 2 1  Revision 1, Jua• 1974 

o Code of Federal legulatioaa, 10 CPR 20, Standard for Protection 

Agaiaat Radiation 

o Code of Federal Regulations, 10 CFR 50, Licensing of Production 

aad Utilization Facilities. 

4.3.2 Process 

Tbe daaisn shall provide for operations aad .. iateaaac:e ia auch 

a uaner u to .. intaio apoauru to plant peraoanel to levels 
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vbic:h are "as lov aa ia re.aaouably achievable". in ac:c:ot'<Uac:e 

vith Regulatory Guide 8.8. 

4.3.3 Perforaaac:e 

'lbe 1eotopic: 1Dventory for the vater to be processed 18 summarized 

in Table 1 . 1 .  'lbe SDS folloved by the EPICOR-11 systems i a  designed 

and operated auc:h •• to reduce the .verage isotopic: specific: ac:t1-

rtey of the treated vaate atreau. 'lbe expected perfonunc:e of 

thue syateu ia aiven in Table 3 . 1 .  

4.3.4 CapacitY 

Flov !late - S or 10 GPM ( S GPM per train) . The eyatea rill have 

the ability to operate c:ontiauouely. (subject to periodic Gaiatenanc:e 

sbutdovn) .  

4.3.5 Pet'foraance and Design Keguireaenta 

The folloving syatea requir ... nta have been incorporated into the 

design of the SDS .  

o Laak Protection and Contatn.ent 

o Shielding (Beta, Ga ... ) 

o Ventilation 

o Functional Design and Maintainability 

o Dec:onta.ination - De.ca..iaaioning 



r:--:---;-------------�-------�--------- --

4 . 3 . 6  Piping System ( piping, valves and pumps) 

1 .  The Dechanical and ltructural design cr iteria and fabrication 

of pi ping 1y1tem1 and p iping components are speci fied in 

ANSI B3l . l ,  1977 Edition vith Addendum through Winter 1978 and 

Table 1 of Regulatory Guide 1 .143. · 

2 .  Pi ping system des ign 1hall be baaed on a aaximum of 150 psi  at 

lOOOf. 

3 .  Pi ping runs are designed to pe�t vater flushing. 

4.  Instrument connect ions to piping system. are located to provide 

clearance for attachment, operation and maintenance. 

4 . 3 . 7  Vessels and Tank• 

1 .  Th e  mechanical and structural design criteria an d  fabrication 

of vessels and tanka vil l  be in accordance vith the require

aeots of the ASK! Boiler and Pressure Vessel Code , Sect ion 

VIII, Divisioo 1 ,  1977, Addendum through Winter 78. 

2 .  The vessels shall be o f  three types: 

a. Primary ion-exchangers shal l contain approximately eight 

(8) cubic feet of zeol ite ion exchange medi a  for the 

purpose of ra�evin& cesium and atront i\111 fr0111 the vaate 

water. Should our processing scenario be changed it 

uy be nece11ary to alter the volume of the zeolite 

aedia. Should changes occur, ve vill inform the NRC. 

b.  Cation ion-exchangers shall contain cat ionic: ion exchange 

aedia to reaove residual stront ium. 

c:. Influent filter units are planned to contain cartridge type 

filter assemblies or equivalent aechani ams capable of 
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reaoving particles greater than approximately 10 microns. 

SDS e ffluent filter capabil ity has been provided to 

incorporate the capability to filter out ion-exchange 

media fines fr011 the process stre• should f ine carryove
.
r 

occur . 

3 .  Th e  SDS ion-exchangers and filters shal l be capable o f  func

t ioning aub.e rged under approximately t6 feet of vater vithin 

the spent fue 1 poo 1 • 

4. Th e  ion-exchangers shall be designed for 5 G PM  nominal process 

rate, filters shal l be designed for 50 GPK nominal ; volume 

velocity through the loaded ion-exchangers shall be limited to 

prevent channeling or breakthrough . 

5. Pressure loss through the ion-exchangers ahould not exceed 

t5 pa i When operating at 5 GPK vith clean resina. 

6 .  The ion-exchangers ahall be equipped vith a l i ft ing arrange

Gient compatible vith the apent fuel pool crane to permit 

movement of the ve11el1 in the pool.  

7 .  The to-cubic-foot ve11ela vill be equipped vith a l l  requi red 

nozzle•, including inlet, outlet, vent connec t ion•, and f i l l  

and sluicing connect ion� . 

8 .  Each ion-exchanger 1hal l b e  equipped vith a l l  internals 

required for media distribution, dewatering, and vent ing. 

9 .  De1ign Condi tion• 

a. The to-cubic-foot vessels vill be compatible vith the 

pi ping design conditions of 150 psig at t00°F. The 

ve11el de1ign conditions for cont inuou1 operation vil l  be, 

at least, equivalent to the piping design cond i t ions. 
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b. The follovic& additional desig:1 c:o:1d!:ioca have �e: 

t.posed: 

0 

0 

0 

0 

10. Teat1CJ. 

OVerall llei&ht 

Ov•rall Dia.eter 

Matedala 

Vd&ht 

54 1/2 1cc:bu 

24 1/2 1:1cllea 

Sta111leaa Steel 

vill have :1e1at! .. e ':Noyancy 

(loaded v1 tb 1on-.xc.'ta:1ae :aed1a r 

The ... sela shall be hydrostatically tested at 1 . 5  tt.e. the 

deatpa pressure !or a aint..sa of thirty (30) ainutea. 

4.3.8 Shteldina nestsn 

The ah1eld1e& shall be desiped to reduce lrrela ruulti:l& !roa 

tbe SDS to leu than 1.&/hr. aeneral ara.a. The shielcU.na for 

the !PI002-Il equip .. ut 1a .adequate !or the proc:ess1na o! the 

SDS affluent bec:auae the SDS efflueut vater acth•ity vill be lower 

than the act1Yity lnel of the vater for vbich EPI002-!I shieldina 

vas or1Jinally d .. ipledo 

4.3.9 t.eakaae 

To ensure that leaJta&e free the sub•r&ed C08pO�ts do aot introdcc:e 

actin ty froa the process strUM into the pool vaur. SDS c:o.ponecu 

vill be c:cnatainecl v1th1n aec:01Jclary C:01Jta1aaect ccloaurea throuah 

vblch pool vater vUl be continuously proc:uud throu&h s separate 

t.oo-ezch.aqer. 
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4 . 3 .10 luild ins and Auxil iary Service Interfaces 

The SDS baa been deaisned to ... t the follovina buildina interface 

requir ... ata. 

1 .  All co.pooents o f  the SDS located in the Fuel Handlin& lu ildina 

do not exceed the noraal load capac itiea of the crane• in 

tbia area. The Fuel Hand lin& luild ln& auxilia� and main 

crane• have capacitiea of 1 10 tone and 15 t�na, respectively. 

2. The SDS v i l l  operate in the .. bient cond i t ions of the Fuel 

Handlin& luildina aa aupplied by the buildins beatins, venti

lat ins and air condi tionLn& syatea, and li&hting aystea. 

3 .  Dvriaa ilutallation o f  the ayatea, oo equiJDent wil l  be per

aanently attached to tbe fuel pool liner and no penetrat ion• 

wi l l  be lllde in the fuel pool liMr. 

4 .  Structural aupport a for the ayat• vi l l  be deaigned t o  take 

the dyn .. ic and atatic loada aaaociated vith the normal 

operation of the ayatea. 

4 . 3 .11 Control• and Instru.entat ion 

4 . 3 .11.1 General Syatea Deacript ion 

1 .  The control and inatruaent ation aysteas shal l be 

deaigned to control and .oaitor the varioua normal 

proceu ft.mct iona tbrou&)lout the ayatea and vi 11 

per.it a aafe, orderly abutdovn of the systea. 

2.  The control• an d  inatr�ntation aysteaa vil l  

enable the operator• to perfor. the des isnated 

funct iona efficiently and aafely. 
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3 .  Where portion. of the process must be operated 

r..otely, au!ficient ioatruoeotation shall be included 

to usure aafe operation and per.it analysia of a 

procesa upaet or remote detection of equipment 

.. uuaction. 

4. Control and instru .. otation ayatems shall be cate

aorized aa: ( 1 )  controls and instrumentation ayatema 

essential for the .. inteaance of proceaa fluid 

coafin ... nt, and ( 2) proceas controls instrumentation 

syst ... essential for the determination of process 

operatina par ... tera . 

5. Radiation .oaitorina and surveillance tn.trumentation 

eesential for the protection of operatlas penonnel, 

the public and the eaviroa.ent vill be provided. 

4.3. 11.2  Performance and Deaisp leguir ... nts 

1. &e.ote controls and instrumentation aball have pro

viaions for remote connection of electrical leads. 

2. Alar.. and/or indicators are provided for adequate 

aurveillance of process operation. 

3. hocus-connected inatru•ntation ahall be conatructed 

of .. terial eo.patible vitb that used for the con

struction of the proeus equlpwent. 

4. Electrical virina shall be desianed in such a .. nner 

u to ainia11e noiae and spurioua si&n&la• 

5 .  Inatru .. ntatioa identification and numberina abould 

follov the standarda and practices of the Inatrwaent 

Society of �rica (ISA). 
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6. Radiation monitors shall be provided for the detect ion 

of , .... radiation. In-line rad i ation monitors 

vi l l  also monitor beta radiation. 

7 .  Specific inatru.ents shal l be des ignated to funct ion in 

a fail-safe aode and vil l  alert to a failure condition. 

4 . 4  Syste. Operational Concepts 

The fO llovins i s  a •�ry operation description. This operat in& sequence 

depict• the processins scenario &I currently planned and could be changed 

baled on operat in& experiences. 

The SDS proce•• lo&ic a• currently plana� , is based on the follovin& 1tepa: 

1 .  Ion-uchm�aer units vi l l  be preloaded with newr ion uchm�ge media prior 

to place.ent in the •y•tea. The pr im&ry treatment beds will util ize 

zeolite Mdia. The cation exchanger units vill u se  cationic ion 

exchange -dia. 

2. Vater vill be introduced to fill and vent the ion-exchange unit .  

3 .  Tbue preloaded SDS ion-exchange units vill be lowered into the Unit 

2 1pent fuel pool m�d placed in the coatai�nt enclosures . 

4 .  Inlet and outlet header connection• vi l l  be aade to the ion-exchange 

unit. 

5.  The ion-ezchm&e sy1tea i so lation valves vil l  be opeoed and treatment 

of the cont .. inated waste stre .. vil l  begin at low flow rates un t i l  

ay1tea integrity a nd  acceptable outlet water quality are veri f i ed .  

6. Th e  nov rate to the ion-exchange units vi l l  be increased on a gradual 

ba1i1 until the operational flow rate of approxi .. tely S gallons per 

aiaute per train is attained . 
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7. When the first ion-exchange bed becomes depleted, the unit vill be 

flushed with processed vater to ensure that radioactive vaste vater 

in the system piping ia pursed prior to disconnecting the quick discon

nects on the demineralizer unit. 

8. The ion-exchange unit will be decoupled remotely via the use of quick 

disconnects and vill be stored in the spent fuel pool. Bovever, loading 

directly into a cask prior to shipment is possible. 

9. Af•;er the firat ion-exchange unit baa been removed, the second ion 

excbanse unit will be placed into the position of the first unit and 

the third ion exchange unit vtll be moved to the second position. A 

nev ion-exchange unit vtll be installed in the third position. 
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Chapter 5 

System Description and Arrangement 

5. 1 Demineralizer System 

5. 1 . 1  Influent Water Filtrat ion 

A flov diagram of the vaste vater influent system i s  shovn in 

Fig. 5 . 1 .  Contaminated vater is pumped into the SDS from either the 

containment s�p or the RCS. The containment s�p vi l l  employ 

either a pump floating on the containment suap vater surface or the 

use of the presently instal led WG-P-1 pump. 

Two filters have been installed to filter out solids in the untreated 

cont .. inated vater before the vater is processed by the ion-exchangers. 

Both filters are cartridge type whose filter elements are protected 

by 3/16 inch pertorated metal plate as a roughing screen and 125 

micron filter cartridges to remove debris and suspended solids from 

the contaminated vater. The des ign of the final filter is aimiliar 

to the prefilter except that the filter cartridge is deaigned for 

re.oval of suspended aolida of greater than 10 microns in aize from 

the contaminated vater. The flov c apacity through each filter is 50 

gpa. Reverse flov through filters is prevented by a check valve in 

the supply l ine to each filter. 

!ach filter ia  houaed in a containment enclosure to enable leakage 

detection and confinement of potential leakage. The filter• are 

submerged in the apent fuel pool for shielding considerations. 

Contaminated vater can be pumped through the filters and into the 

feed tanka on a batch baaia. 
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Influent vaste vater aay be ... pled froa a sh ielded sasple box 

located above the vater level to deter.ine tbe ac t ivity of coo

t .. inated vater prior to and follovin& filtration. 

Ialet, outlet, aDd vent coanect ions on the filters are a&de vitb 

quick d i tcoDDect valved coupl iaa• wh ich are remotely operated 

froa the top of the pool . Inlet-outlet pressure gauges are provided 

to .onitor aDd control eolide loading. Load lU.ite for the filters 

are based oa filter di fferential preesure, filter influent aDd 

effluent ... plina, aDd/or the surface doee liait for tbe filter 

••••e l .  A flueh line ie attached to the filter inlet to provide a 

10urce of vater for fluebin& the filters prior to re.oval . 

5 . 1 .2 Feed Tank Syet� 

Pollovin& filtration, vaste vater ie pua� directly into the 

four 1 5 ,000 gal . ttorage tank• located in tbe tank far. {see Fig . 

5 .1 ) .  The tank• are interconnected by piping vitb � valvee aDd 

therefore util ized aa one 60 ,000 gallon tank. The tan&t are 

equip� vith a vent line connected to th� .off-gas treatment eyetea. 

Water level ia the tankl it 80nitored by level indiutort . 

A pr i.aary feed pu.p ia tub.erged in a c�a ve 11 of the tank 

syetea . Tbit puap d i ecbarau to the ion eschmge aynea. Me�:hanical 

aad electrical coaaect iona are dee iJaed for easy r�••l aDd rapid 

replaceaeat of the puap lhould •lfuaction occur durin& operation. 

The di ecbarge of the puap flovs tbrou&b pipiaa in • sh ielded ea

cloeure at a rate of 5-15 gpa aDd it .,nitored reaotely by a 

preeeure inetrueent and a rad iation level .oaitor. 
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5 . 1 . 3  Ion Exchanger Unita 

A flov diagram of the ion exchange manifo ld and pr UD&ry ion-exchange 

columna ia ahovn in Fig . 5 .2 .  Thia ayatem conaiata of aix under

water. columna (24 1/2 in. x 54 l/2 in. ) ,  each containin& ei&ht cubic 

feet of Ion Siv IE-95 zeolite media and tvo underwater columna 

containin& cationic ion exchan&e media. The aix zeolite beda 

are divided into tvo traina each containin& three beda (A, B, C) 

vith pipin& and valvea provided to operate either train individually 

or both train• in paralle l .  

Th e  effluent from the zeoli�e beda flova through a cationic ion 

exehan&e· bed priaarily for re.oval of atrontha radionuc \idea. An 

in-line radiation monitor meaaurea the activity level of the vater 

exi t ing the cation exchanger. Tbe valve manifold for controlling 

the operation of the priury ion exchange col\al\a ia located above 

the pool, inside a ahielded encloaure that contains a built-in au.p 

to collect leakage that ai&ht occur. Any auch leaka&e ia routed 

back to the feed tank 1tandpipe. A line conaecta to the inlet of 

ueb priaary exchan&er to provide vater for fluahin& the exchangen 

When they are loaded . Radioauc lide loadin& of ion exchange veaaela 

ia detecained by analyzina tbe influent and e ffluent froa each 

exchanger.  Proceaa water flov ia  aeaaured by inatru.entl placed in 

the line to each ioa-exehanae tra!n. 

When proceaaing contaia.ent au.p water, effluent froa th� SDS ia 

directed to the !PICOI-ll po l h b in& unit, i f  deaired . 'Ilea the SDS 

la beina util ized to proceaa reactor coolant , the effluent can be 
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valved into the RCS clean-up manifold then back into the Reac tor 

Coolant Syatea via installed tankage. bypas1 ing EP1COR-11. 

5 . 1 .4 Leakase Detection and Process ing 

!ach aubDerJed vessel is located inside a secondary containment box 

that contaiM spent fuel pool vater. During operation the secondary 

contaiu.ent lid ia cloaed . Th i a  lid is slotted to permit a calcu

lated quantity o f  pool water to flov paat the veaaela and connectors. 

Pool water fro. the contai�nt boxea ia continuoualy moni tored 

to detect leakage and ia circulated by a pump through one o f  the tvo 

leakage containment ion-exchanger• (See Figure 5 . 2 ) . Any leakage 

unich occura dur ing routine connection and disconnec tion o f  the 

quie�-disc:onnect a  vi l l  be captured by the contai011ent boxe s ,  d iluted 

by pool vater, and treated by ion-exchange before being returned 

to the pool . 

5. 1 .5 U1COI.-ll 

EPICOR-11 (Figure 5 . 3 }  can provide final treatment of water after 

the vater is proc:eued through the SDS cat ion exchanger .  \1\en 

proceuing coataiuaent sump vater. the proc:euing plan ia to po l i sh  

vitb !P1COR-11. !P1COR-11 consists of filters, ion-exchangers and 

receiver tank a .  The purpose of EP1COR-11 is to remove trace fiaaion 

products that aay be preaent in the vater. The EP1COR-11 safety 

aaaeaa.ent ia provided in NUREG-059 1 . 

5 . 1 .6 Konitorina Tank Syatea 

Effluent fr01a the cation ion-exchanger can flov " into oae of tvo 

.,nitoring tanka (Figure 5 .4).  The purpose of the 110nitorins. 
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tank system is to collect treated water. Each monitor tank is 

equipped with a aparger and tank level indicators that �11 auto

matically shut the inlet to the tank should a high level condition 

exist. Water in the monitoring tanks can be transferred back for 

reprocessing by SDS or used as flush water in the SDS, or directed 

to existing tankage. 

5 . 1 . 7  Off-Gas and Liquid Separation System 

An off-gas and liquid separation system collects gaseous and liquid 

wastes resulting from the operation of the water tre£tment system. 

The off-gas system is illustrated in Figure s.s.  Gaseous effluent 

linea from the feed tanka ,  ion exchange vessels, sampling glove 

boxes and shielded valving manifolds are connected to tbe off-gas 

system. Gaseous effluent is passed through a .!at eliminator in the 

off-gas separator tank before being treated by an electric off-gas 

heater to reduce the off-gas relative humidity to 70%. A roughing 

f ilter and tvo HEPA filters are provided for further treatment. Air 

is moved through the syatem by a centrifugal blover rated at 1000 

cfa. The discharge of this blover will be monitored and routed to 

the existing ventilation ayatea. A pressure control regulator 

controls ventilation system pressure automatically. Moisture col

lected by the off-gas aystea and waste returned from the continuouo 

radiation monitoring system is directed into a separator tank. At 

the top of the tank a mist eliminator separates moisture from 

effluent gas prior to the gas �tering the off-gas treatment system. 

The tank is located in the aurae pit and is covered with a concrete 
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and lead shield. The level in the tank vill be indicated and 

controlled autoaatieally Vith level control instrumentation that 

activates a pump to return collected vater to the feed tank standpipe 

for reprocessing. 

5.2 Saaplins and Process Radiation Konitorins_Sxstem 

The sa.pl111g alove boxes are shielded enclosures vbich allow vater samples 

to be taken for analysis _of radionuclides and other contaminants. The 

piping entering the alove boxea contains cylinders that per.it draining a 

predeter.ined ..aunt of sample into a collection bottle. Cylinders are 

puraed by positioning valves to per.it the water to flow throuah the• and 

return to a waste drain header and into the off-gas separator tank. A 

vater line connects to the inlet of the sample cylinders to allow the line 

- �  be flushed after a aa.ple has been taken. 

5 . 2 . 1  Saaplins Syste• 

Saaplina of the SDS process to .anitor performance is accomplished 

fro• three shielded sampling glove boxes. One glove box is for 

saapling the filtration ayatea, the second is for aa.plina the feed 

for the first zeolite bed and the third for sampling the efflue�ts 

of the zeolites and the eation bed. 

The entire s.-plina aequence is perfor.ed in shielded glove bo�• to 

�nt.tze the possibility of inadvertent leakage and spread of contamination 

during routine opernion. 
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5.2.1 Process Radiaiton Konitoriaa Syate. 

The SDS is equipped vith a procasa radiation monitoring system vbich 

provides indication of the radioactivity concentration in the 

procesa flow atream at the effluent point from each ion &changer 

vasaal. The purpose of thia 8r Ditoring ayatem is to provide indica

tion and alarm of radioauclide b:eakthrouah of the ion exchange 

Mdia. 

S . 3  Ion-Exchanaer and Filter Veeael Tranafer in the Fuel Storage Pool 

Prior to eyetea operation, ion exchanger and filter veaaela are placed 

inaide the contaia.ant boxea and connected with quick-disconnect couplings. 

When it is determined that a vesael is loaded with radioactive contaminants 

to predeterained liaits aa apecified in the Proceas Control Program, the 

syetem will be fluehed with low-activity procesaed water. This procedure 

flushes cvay waterborne radioactivity, thus miniaizing the potential for 

lola of contaainanta into the pool water while decoupling veaeela. Vessel 

decoupling is accomplished reaotely. Veeaela are transferred using the 

exiating fuel handling crena utilizina a yoke attached to a long abaft. 

The purpo1e of this yoke-arm a1aembly is to prevent inadvertent lifting of 

the ion exchange bed or filter vessel to a height greater than eight feet 

below the surface of the water in the pool. Thia device is a safety tool 

that will .. chanically prevent lifting a loaded vessel out of the water 

ehialding and preclude the po1sibility of accidental exposura of operating 

paraonnal. 

The ion-exchange veaaela are arranged to provide aeries processing 

through each of the beds ; the influent waste water is treated by the 

bed in position "A" , thea by the bad in position "B", and f inally by 

·the bad in position "C". 
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The fi�at veaael in each t�ain ( poaitioo A) vi l l  load vith radi oact ive 

cont .. ioanta fi�at. The loaded ve asel vi l l  then be sto�ed un t i l  transfer 

to a ahielded caak. At no ti.e durina the operation of the syste= vi l l  a 

loaded veaael be taken out of the pool be fore it h•t been placed in a 

ahielded caak. The loaded cask vill be tranafe�ed froa the pool vith the 

overhead craoe. 

5.4 Arrana.-eat of the Vater Treatment Syat .. in the Fuel Storase Pool 

. ' 

Fiaure 5.6 il luatratea the arranr-eat of the SDS in the fuel atoraae pool 

(viewed f�c:. above ) .  The feed t anka aad feed p�p are located at the south 

end of the fuel haodlina buildina , in the "A" apeot fuel pool and are 

covered vith concrete alaba. The filtera, teolite ion ezchanJer vesae l a ,  

and the cationic ioo-ezcbaoaer veaaela are locate� undervater in contaic:.ent 

eacloauru in the "B" apent fuel pool . Thete encloaures md the uchaoaers 

are aupported alon& one aide of the pool oa a 1tructural a u e l  rack that ia 

attached to the pool curb. The racka act u a auppott for the syste11 and 

alto providet aa operatic& platfor. frc:. which the r�te connections can 

be llade. The o f f-au ayste�� i a  .ounted on tbe curb near the aurae tank 

area. 

A devaterina 1 t a t ioo i a  located in the "B" SFP cask pit belov the vater 

le .. l aod ia uaed for cli tplacina the vater frc:. ezpeaded colu:.lt and 

filter• and devaterioc thea prior to pl.ce.eot io the cask. An undervater 

atona• rack , duiaaed to hand le 60 expended fttuh ia located io tbe 

pool . Th h  atora&e capacit:t al lovs proceuiq to cont inue vi tbout inte�up

tioa due to b&odlioa operation• or ve aael diposal or sh ippina . Stored 

ftateh vi l l  be vent ed via a �o header coooect in& to the liquid separa

t ion .odule to continuall:t vent 1•• b:tproduct a  that aay be aenerated io the 

vwtada durin& atoraae . 
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Chapter 6 

Radiation Protection 

6. 1 !nturina Occupational Radiation !xpoaurea are ALARA 

6 . 1 . 1  Policy Consideration• 

The objective• vitb reapect to SDS operations are to enaure that 

operation• conducted_ in eupport of the on-going demineralization 

prograa are conducted in a radiologically aafe manner, and further, 

that operation& aaaociated vith radiation exposure vill be approached 

froa the ataadpoint of maintaining radiation expoaure to level& that 

are aa low aa ruaonably achievable. 

During the Operational period of the ayatem, the effective control 

of radiation expoaure vill be baaed on the follcvtog conaideratioD8: 

1 .  Sound eng1neerin& deaian of the facilitiea ani equtp .. nt. 

2.  The uae o f  proper radiation protection pra·�ti:ea, including 

vorlt taak planning for the proper uu of th.· appropriate equip

.. nt by qualified pereonnel. 

3. Strict adherence to the radiological control• procedure• as 

developed for na-2. 

6 . 1 . 2  Duiga CoD81derationa 

The SDS vae apecifically d .. igned to •intain --xpoaure to operating 

peraonnel to aa low aa ruaooably achievable. To implement this 

concept the ca.ponenta carrying hilh level activity v.�ter vill 

be provided vith additional ahielding or are submerged in the 
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spent fuel pool. Shielding baa been designed to limit vhole body 

body exposure rates in operating areas to approximately 1 mR/hr. In 

addition, components carrying bigh level process fluids have been 

deaianed for exhaust to the SDS off-gas system. This method of 

off-gas treatment vill minimize the potential for airborne releases 

in tbe vork areas. 

Tbe specific desian features utilized in meeting this requirement 

are discussed in detail in Section 6 . 2 . 1 .  

6. 1 . 3  Operational Considerations 

The aystea design reflects tbe following operational ALARA con

aiderationaz 

1 .  Exposure of rersoanel aervicing a specific component on the 

SDS vill be reduced by providin& sbieldins betveen the individual 

co�onents that constitute subBtantial radiation sources to the 

receptor. 

2.  Th e  exposure o f  personnel vho opuate valves o n  the SDS vill 

be reduced tbrougb tbe use of reach rods through lead and steel 

shield boxes. 

3.  Controls for the SDS will b e  located in lov radiation zonea. 

4. Airborne radioactive material concentration& vtll be ainimized 

by routins tbe off-gaa effluent fro• tbe SDS to the TKl venti

lation aystea for further treatment. 

s. The saapling stations for tha feedatr ... and filters that 

contain biab levels of radioactive aateriala vill be exhausted 

tbrou&b tba SDS ventilation ayatea. 
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6. All a.-plica is performed in shielded alove boxes to minimize 

the possibility of inadvertent leakage and spread of contamina

tion durins routine operation. 

6 . 2  Radiation Protection Design Features 

6 . 2 . 1  FacilitY Deaigo Features 

The ayat .. ia designed to take .. � advantage of station feature• 

already in place and operational in term. of protection of the 

public. tn addition, desire features provided by the system 

are intand«d for the reduction of releases of radioactive aaterial 

to the enviroument. The follovina features proVide for protection 

of individuals froa radioloaical hazards during normal operations 

froa esternal exposure and unanticipated operational occurrences, 

aueb aa spills. 

1 .  The SDS pri .. ry dad.neralization unit. are housed under 

approxta.tely 16 feet of shielding vater in the THI-2 spent 

fuel pool. 

2.  The entire proceaa and a l l  equip .. n t  ia housed i n  the Auxiliary 

and fuel Batldlins Buildinp vhicb are Seinic category t 

structures Vith air handlina and ventilation syste• designed 

to aitiaate the conaequencea of radiological accidents. 
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3.  The system i s  designed in such a manner a s  to allov zero 

discharge of liquid effluents. The effluent processed water 

vil� be stored on the TMI site until final disposition has 

been detel'111ined. 

4. The off-gaa system effluent Vill be filtered and monitored 

before input to existing ventilation exhaust systems. 

s. Filters. primary ion-exchange beds. cation beds . and their 

.. sociated couplings are operated in containment devices. 

Each containment device ia connected to a pump manifold 

and a continuous flov of approximately 10 CPK is maintained 

through each containment. Tbe coebined flov from the ten 

( 10) containment enclosures ( 100 CPK total) is then processed 

through a separate ion exchange colUBD and then discharged back 

to the spent fuel pool. 

6 .  Loaded vessel& will be placed in a shielded cask underwater. 

1. To the extent possible all-welded s tainless steel construction 

is specified to �niaize the potential for leakage. 

8. Lead or equivalent shielding ia provided for pipes. valves. 

and veaaela (except those located under water) where nece1aary 

for personnel protection. 

9. Design of a sequenced .ulti-bed proceaa - three (3) beds 

in series to preclude breakthrough and contaeination of the 

outlet atreaa. 
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10. Tbe entire process atre .. is deaigoed vith appropr iate pressure 

indicators. 

1 1 .  Inlet, outlet aad vent connection are made vith remote operated

valved quick releaae coupl i cg s .  

6 . 2 . 2  Shielding 

Tbe ainU.ua ahielding thickneas required for radiological protection 

has been designed to reduce leveh in oc cupied areas to less than 

1 aR/br. Operatins panels and inatruaentation rack• are located 

away ft-011 potential aourcea of raHat ion or a:!equate shielding 

is pravided to aeet radiological espoaure deaigo liai t a .  

Al l aov�ots o f  the vessels out o f  the fuel pool v i l l  be perforaed 

util izing a shielded tranafer cask. 

6 . 2 . 3  Vent ilation 

Tbe venti l a t ion and off-sa• syat� pr�ided to service the SDS 

i a  deaigned to ainU.ize airborne radiological releaaea to the 

environment. Aaong tbeae deaigo feature• are: 

1. Autoaat ic level control led off-gaa separator tank vith aist 

eliainator to receive vent connect ions froa the feed tank 

syatea, ion exchange and filter vease l s ,  a .. ple glove �oxea ,  

piping aani folds , A nd  the dewatering atation. 

2 .  Roughing filter vith di fferential pressure indicat ion. 

3 .  Two H!PA f i l t ers vith di fferent ial pressure indication. 

4. A cent r i fugal off-gas blower vitb flow indicat ion. 

S. Saaple ports for monitoring the aystea and DOP test ports 

for H!PA teating .  
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6. Tbe effluent of· the SDS off-gas syst� vill be routed to 

the existing TMI-2 ventilation system e&haust ,  vhich is filtered 

again through BEPA f ilters prior to di.scbarge fraa the plant. 

6.2.4  Area l&diation Konitorina lnstruaentation 

General ana radiation .-onitors have been provided vhich vill 

be utilized to alert peraonnel of increasing radiation levels 

durin& no�l operations or .. intenaoce activities. 

6.3 Dose Asses.-ent 

6. 3 . 1  On-site Oc:c:upational Exposures 

Noraal Operation 

Durin& tbe �eration of the Suh-rsed D..tneraliution Systea, 

there are operations that involve occupational ezposurea, but 

precautions have been taken 1D the design stage to �niai:e personnel 

exposuru. Major operational activities involving such exposures 

are u follows: 

A. Peed tank fillln& velv. ali�nt 

B. Sa:pliD& operations 

c .  Syatea atan-up val'Ye altsn-nt 

D. Spent vessel c:hangeout 

!. Caslt rc�SIOvel, decontaaination and surv.y operations 

r. Syatea maintenance 

c. Vessel dewatering 

Deea..iuioniua 

The SDS detalled deca..tuiouins plan 1a being dueloped 1D conjunc

tion vlth the operatiQ& procedures for the ayatea. Bovever, the 

aodular deaian of the ayatea ia conducive to di ... aeabl1 vbile 

llinildziq ezposure to peracnmel. 
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6 . 3 . 2  Off-eite Radiological !xpoeuree 

Source Teraa for Liquid Effluent• 

Liquid effluent froa the eyetea vil l  be returned to stat ion tankage 

for further diepoeition, therefore , no liquid eource term i e  required 

for this report. 

Source Terme for Caeeoue !ffluentl 

The plant vent eyatea i e  the firet off-a•• stre� car�ying airborne 

radioact ive aaterial and the firet potential pathway for gaeeoue 

releue . The aecond pathway ia the HYAC ayatea vent in the Cbeaical 

Cleanina Building vhere the EPICOl-II ayatea ie located. Radio

nuc lidu in the gueoua ef fluent ariae froa entrainment dur ing 

tranafer of cont .. inated vater to varioua tanka, filtera, ioo

exchanae un i t e ,  aDd alao froa water a .. pling. 

Caaeoue e ffluent eource term• ( in uCi/a releaeed to the atomo

aphere) vere developed by aeeuaing the eyatem operated on the 

pr i nciple of evaporation. For thia reaeon, an entrainment factor of 

lo-6 ia aaau.ed for the particulat6 radionuc lidea eacaping from 

the l iquid to the vapor. An eotraia.ent factor of 7 . 5  x lo-3 ia 

aaeu.ed for 1291 (MUI!G-001 7 ) .  I n  the caee o f  evaporation by 

boilinc, a higber rate of releaee of radionuc lidea wi th off-a•• 

vapor• occur• than would be .xpected froa routine operat ion of 

puape, valvea, aDd water tranafer. Therefore, theee entrainment 

factore are coneidered to be coneervat ive for the eolut ion-vent 

ayetea during puap tranafer of vater. 
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The releaae of tritium from the plant vents is calculated by 

aaa�ng the air di scharged from the vent vas saturated vith 

vater vapor at 80°F. At this temperature, 650 c fc of air vould 

carry 500 gm of vater vapor and correlates to 2 . 66 x lo-5 uCi/cm3 

of la. The release of trit ium from the Chemical Clean ing Building 

HVAC vent ia calcul ated from the evaporation of vater at 100°F 

fraa the tank in the Chemical Cleaning Building. At th i s  te=perature 

the trit ium concentration in the discharge of the HVAC system i s  

7 . 15 x l o-9 uCi/cc at 8000 cfm. 

It should be noted that there are aeveral vent systems Which comprise 

the final off-a•• atre.a in the Fuel Handling Building, some of 

Wh ich have a leaaer potential for cont .. ination. However, again for 

conaervatis., i t  is aasuaed that the total 650 c fm has been in 

contact vith vater in the contaia.ent, Which at the time of this 

naluation, contains the highest apecific act ivity of ra.Honuc lides. 

The tank vents in the EPICOl-tl systea are the pri .. ry release 

point for airborne radioact ive aaterial fraa the Cheaical Cleaning 

Building. 

A decont .. ination factor (DF) of 100 is assumed for part iculate• 

for the SDS Off-gas treat.ent -rstea. No effluent treatment 

( i . e . , a DF of l) is assumed for ls. The off-a•• flov rate 

in the SDS Off-a•• syatea i s  650 ftl/ain. 



a.dionuclidee in the off-&•• of the SDS are further diluted 

•• they •�• •ixed vith exiet ia& aaeeoue effluent at TMI-2 , aivin& 

a total off-a•• volu.e flow rate of 100,650 Cnt (plant vent et ack) . 

It ie further ae1U8ed that particulate• pa11 through R!PA filter• in 

place at THI-2 to aive an additional DP of 100. Hoveve�, no f�ther 

e f fluent t�eat.ent ie aeeu.ed for either 3a or 1 29I .  

There fore , tbe total DF for pa�t iculate• includina both the SDS 

Off-Caa eyete. and t�eat .. nt �evioualy exietin& at TMI-2 i1 to4. 

for 3a a nd  l 29I tbe DP i a  1 .  

In the Cheaical Cleaaio& Buildiaa, the !PlCOl-II t anka and the 

buildioa BVAC Syatea are equipped vith R!PA filte�• and charcoal 

adeorbera. Tbe�efore the total DF for particulate• ia aeeu.ed to be 

lo4 . For l 29t a DP of 20 it aeaU�ed and for 3a the DF i •  1 .  

Table 6 . 1  l i ata the concentration of the contaia.ent 1uap vater and 

influent vater to the !PICOI-11 ayttea fra. the SDS. Theae data are 

bated on the .eae�ed value• aiven in Chapter 1 of th i e  report and 

the expected pedotUnee of the SDS ai .. a in Chapter 3 .  The pu.pioa 

rate of vater throu&h the cleanup eyate• ia aaaumed to be 10 CPH. 

Proa the aetueed eotrain.ent factor the ..aunt of radioactivity 

introduced into the o f f-a•• ia ( 3 . 785 x lo-2 ) ( fi )Ci/min vhere 

fi ia the ac t ivity of an iaotope per •1 . 
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� an ex.aple, the calculat ion of the a.ount of Cs-1 3 7  in 

the effluent gas from the SDS usins the concentration in 

the liquid given in Table 6 . 1  is ahovn be l ow .  

1 0  lpa x 3 . 785 x 1 03 al/aal x 1 7 2  uCi/al x 10--6 (entr. fact) • 

650 c fa X 2 . 8  X 1o4 al/cf X 100 (DF) 

• 3 .58 x lo-9 uCi/cc 

In the development of the 1 29 t source tera, the results from 

the above .e thod yields an SDS plant vent concentration of 2 .09 x 

lo-1 0  t£i/ce. The contribution fr011 evaporation i s  added wh ich 

increases this concentration to 6 . 1 5  x lo-10 uCi/cc. 

table 6.2 lists the concentrat ion of rldionucl ide source teraa 

in the off-gas following trea�nt by the system and the exist ina 

effluent treatment aystea at THI . Release rates for the various 

rldionuc lides are also sbovn . � can been seen by Table 6 . 2 ,  the 

concentrations in tbe plant ef fluent are below detectable levels for 

al l isotopes except la. 

Table 6 . 3  l i sts the concentration of rldioouc lide source teras 

in the Cbeaieal Cleming Building BVAC systea folloviq treatment. 

leleaM rat .. for tbe var loue nuclides are abo shovn . lbe con

centration. in the effluent fr011 the Cbeaical Cleanina Buildin& 

are below detectable level• for all isotopes, except la. 
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Methodology 

The radioloaical U.pact of the SDS ie •••eased by calculat ing 

radiation doeee to individual• and populations living in the vic inity 

of the Three Mile leland Nuc lear Ceneratina Station. Potential 

pathvaye for internal and external expoeure to man from rad ionuc lides 

releaeed to the atmoiphere include inhalation, ingestion of contam-

inated foods ,  ingeation of contaminated vater, exposure from contam-

inated surface•, and exposUTe from iamersion in the plume. 

ladiological impact ia  eatiaated ueina the methodology yroposed 

in Regulatory Guide 1 . 109 (USNRC, 1977 ) .  The doee from a epecified 

int ake of .a radionuc lide to a reference organ ie calculated over 

the reaa inina l i fe t U.. of the individual . The expoaed person 

ie aseumed to be an adult (20 year• of aae) at the time of int ake 

wbo vi l l  live to an aae of 70 yeara. Thus, the accumul ated dose 

is calculated by integratina the dose rate over a 50-year period, 

and the reeult ia called the 5o-year dote commitment . 

For the 'purpoee of calculat ina dole to the maxi .. lly exposed 

individual aod to the population fra. operation of the SDS, X/Q 

(sec/.J) value• vere taken from previously published data end updated 

to 1980 . The data are calculated for a seal-e levated po int of 

release including buildina vake effect• for the SDS Off-s•• sy•t�. 

For the Cheaical Cleanina Buildina BVAC vent, data vae calculated 

for a ground release. The values for X/Q for each of the e ixteen 

tectora of the ca.paaa and dovnvind distance from the point of 

rete••• are liated in Table 6 . 4 .  The data indicate• that the 
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point of Mxia�a erpoeure to a hypothetical individual living near 

the lite 11 2413a avay in the NNE direction since the �ost signifi

cant radiation release 11 froa plant vent etaek. 

t.dioactive particulates are reaoved froa the ataoaphere and depoeited 

on the around through .. ebania .. of dry depoaition and scavenging. 

Dry depoaition repreeenta an integrated deposition of radioactive 

uteriala by procuaea of aravitatiooa,. uttling adsorption, par

ticle interception diffuaion, and eh..tcal-electroatatic effect•· 

The depoaitioo rate froa the ar.oapbere for radioactive material 

vaa calculated ueina tbe .. thode deacribed in Regulatory Cuidu 

l o l09 and 1. 1 1 1 .  

Scavenaina o f  radionucUd.. in the pltme 11 the proceaa through 

vbieh rain or aoov vuh .. out particles or dieaolved gaau and 

depoaita thea on the around or water aurfacea. In the aaaeaa .. at, 

however ,  the effecte of acavenaina bave not been included baaed 

upon the .. thodoloJ1 propoaed in lerulatory Cuide l . l l l  (USKRC, 

1976). 

nraan doaaa uy vary cooaiderably for iaternal ezpoaure froa 

inaeated inhaled .. teriala because eo.. radionuclidea concentrate in 

certain oraaoa of the body. Tbh uau .. nt caleulatu the doae to 

four oraaoa: total body, bone, thyroid, ancl c.t. tract. 

Radiation doaea to the internal oraana of children 1D tbe population 

vary froa thoae received by an .veraae adult becauee of difference• 
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in 8etaboli .. , oraan aize, aad diet . Di fferences betveen the 

oraan doaea of a ch ild and thoae of aa .veraae adult by more than a 

factor of three vould be uuuaual for al l patbvaya except the at.oa

pbere-pasture-cov-.ilk pathvay for 1 29I aa it contribute• to the 

thyroid dote. Therefore a aeparate eat�te of the do1e to the 

thyroid of both the infant and child hat been performed . 

Total dose co..dt.eatt are calculated for the tpecified .. ount 

of each iaotope releaaed durin& SO days of coat iauou£ releaae. 

Se-feral conaervat ive au1.8pt iont are ude \lh ich uad to uke dote 

c�it•nta bi&her than wat vould actually occur. For n•ple, 

u.aae factors for the aaxiaally expoted individual are takea froa 

leJulatory Guide 1 . 109, Table E-S. It ia alto •••�d that al l 

veaetablet, both leafy aad non-leafy, are arovo at the point where 

doae it calculated aad that aa iDdividual live• outdoor• at the 

reference location 100% of the ti•e. Since there are no releaaes 

via liquid effluent it ia att...ed that the doae froa inae•tion of 

coat .. iaated vater it neali&ible . Addit ional detail• reaardina 

ataaaptiolll aade and the .. tbodoloay uaed can be found ia •eaulatory 

Guide 1 . 109. 

Aaalyait of Kaxi.ua Individual Dote 

The aaai•aa dote to a hypothetical adult iadi•idual i a  calculated 

fD r  the four orsaaa aad aaa...et the vroceatin& of 710.000 aalloaa of 

water .  Theae ettiaated dote expoaure leve h ,  baaed on •i•ul taneou• 

relea••• froa the plant vent and Cheaical Cleaniaa Build ias RVAC 

'ftnt 1, are: 
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Total Body 9.47 x 1o-3 • na  

aoae 3 . 57 X to-4 mrna 

Thyroid 4.65 X 10-1 •m 

Cl TTaet 8 . 82 X to-3 •m 

Tbia level of expoaure to the total body repreaents approximately 0 . 2! of the 

al lowable doae expoaun rec<*!Hnded in 10 CFll 50, Appendix 1, o f  

5 - - ·  

Table 6 . 5  liata the contribut ion of the varioua expoaure pathvaya 

to the doae of eac:b oraan cooaidered. Iaaeatioo of coct .. inated 

fooda ia the pt:'iaary .ode of expoaur e ,  cootdbut illg 78% of the doae 

to total body, 98% to the bone, 99% to thyroid , and 76% to Cl 

tnct . Inhalation il the aecond .,,t iaport ant patbvay wile 

external expoaure contribute• leaa than 1% to each orsan. 

The cootributiou froe each radiooue lide to total doae ia lhovn in 

Table 6 . 6 .  tritiuc contribute• approxiaately 93: of th� doae to 

totAl body, and 991 of the doae to the CI trac� . Iodiae-129 contri

bute• 98% of tbe doae to thyro� and 58% of the bone doae. 

The coatrlbut iou to the individual oraao doaea vaa pr iaarily fro. 

the SDS Off-a•• releaaea. The contribut ion to the doae froa releaaea 

froe the 0\eaieal Cleaoiaa luilcliaa vu leu than 1%. 

Becau .. of the poaaible dependency o f  the doae to certain organa 

oo aa• 1 a Mparate eat iaat e  vu ude of doae to the thyroid of 

an infant and child. Tb i a  calculation yielded a doae of 1 . 20 x lo-1 

.... for illfaat thyroid and 3 . 36 x lo-1 •• for the thyroid of 

a ch ild. 
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Even vith the conservative asaumpciona incorporated into this 

aaseaaaent it is evident that the estimated dose to the maximally 

exposed individual is acceptable and meets recommended criteria 

for exposure to the public. 

Analysis of Population Dose 

The estimated radiological exposure to the population from continuous 

operation of the SDS for SO days is calculated using the methodology 

outlined in this report section (6.3) as specified in Regulatory 

Guide 1 . 109. The population distribution ia baaed on recent demo

graphic data ( 1980) to a radius of 50 miles from the THl site. The 

population integrated dose is calculated to be 0. 15 man-rem total 

body and 4.42 man-rem !�r tbe thyroid. 
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Isotope 

89sr 

90sr 

125sb 

129t 

134c. 

137c. 

Tabl e  6 . 1  
Act ivity Level of. Water 

(October 1 ,  1980 ) 

Contairaent Sump 
uCi/al 

9.66 X to-1 

1 .ao x to-1 

2.64 x 100 

9 . 1o x to-3 

1 . 36 x to-5 

2.11 x tol 

1 . 72 X 102 

EPICOR-ll Effluent 

9 . 66 X 10-1 

6 . 79 X 1o-7 

9 .01 X t o-6 

3.83 x to-5 

1 . 36 x to-5 

3 . 1 7  X 10� 

3 . 3 1  x 1o-5 



Table 6 . 2  
Source Teras for Gaseous Effluents 

SDS OFF-Gas System 

(October 1 .  1980) 

Concentration Concentrat ion Release 
In SDS Effluent• In Plant Effluentb Rate 

Radionuclide uCi/cc uCi/cc uCi/sec 

H-3 2.66 x lo-S 1 . 71 X lo-7 8 . 14 X 100 

Sr-89 3 . 74 x lo-12 2.41 X lo-16 1 . 1s x lo-8 

Sr-90 5 .49 x 1o-1 1  3 . 55 X 1o-15 1 . 69 x 1o-7 

Sb-125 1 .89 x 1o-13 1 . 22 x 1o-11 5 .81 x 1o-1o 

I-129 6 . 1 5  x 1o-1o 4 . oo x 1o-12 1 .89 X 1o-4 

Cs-134 5 . 7 6  x 1o-10 3 . 72 x to-14 1 .77 x 1o-6 

Cs-137 3 . 58 x 1o-9 2 . 3 1  x 1o-1J 1 . 10 X lo-5 

(a) This Ls the radionuc lide concentrat ion in the off-gas (650 ftl/min) 

following t reatment . froa the SDS prior to entering the exist ing effluent 

treatment system in THI-2. A · DF of 100 and an entrainaent factor of lo-6 

have been assumed for particulates. An entrainaent factor of 7 . 5 x lo-3 

h .. been assumed for 129t .  No ef fluent treatment is .. sumed for la or 

129t .  

(b) This i s  the radionuc lide concentration in the off-gas ( 100.650 ftl/min) 

froa THI-2 as it entera the ateoaphere . An additional DF of 100 is assumed 

for particulates .  however. 40 further treatment is assumed for either 



bd1onuc l i d �  

JH 

19sr 

90sr 

125sb 

129t 

134c1 

13 7ca 

Tab l� 6 . 3  
Sourc� T�rms for Cas�ous t f!lu�nts 

Ch�ical Cleanin& Suildin� 
(As of October 1 ,  1980) 

·-

Conc�ntrat ion in 
HVAC V�nt a 

uC i i111l 

7 . 15 ll to-9 

4 .99 X 10�1 7  

6.62 X t o·l 6 

� .96 X l o-I S 

s . 03 ll 1 o· 1 S  

2 . )4 X t o- 16 

� . t.:. • l o- I S 

lt�hau bt� 
uCi/s�c 

2. 70 ll 1 o·2 

1 .88 ll t o-1 0  

2 . S0 X 1o-9 

1 . 12 X to-s 

1 .91  x 1 o·B 

8.83 ll lo-1 0  

9 . �2 X t o-9 

( a )  Thit it th� conc�ntrat ion in th� H\'AC v�nt (8000 C�) froa th� Chemicd 
Cleanin& Bu i l tin& a s  is �nt�rs th� atmosph�r�. 



TABLE 6 .4 
ATHOSPHBIIC DISPERSION FACTORS FOR THI (ANHUAL AVERAGE) 

(Sec/al) 
DISTANCES (Hetera) 

SECTION 6 1 0  2413 4022 5631 7240 1 2067 24135 40225 56315 72405 

N 9 .06-7 4 . 66-7 2 .43-7 8 .52-8 6 .83-8 5 . 33-8 1 .88-8 8 . 8 7-9 5 .90.9 4 . 33-9 

NNE 8.06-7 1 .46-6 4 . 55-7 2 . 45-7 2 . 05-7 8.81-8 2 . 78-8 1 . 22-8 7 .99-9 5 .81-9 

Nit 7 . 93-7 7. 14-7 2 .90-7 2 .79-7 1 . 92-7 8 . 75-8 2 . 73-8 1 . 20-8 7 . 76-9 5 .61-9 

!tre 9 . 6o-7 5 . 71-7 2 . 81-7 1. 70-7 1 . 51-7 8 . 30-8 2 . 63-8 1 . 17-8 7 . 59-9 5 . 50-9 

8 1 . 59-6 7 . 39-7 2 . 87-7 3 . 1o-7 2 . 1G-7 9 . 24-8 2 . 95-8 1 .  29-8 8 . 31-9 5 . 97-9 

!SE 1 .83-6 1 .04-6 5 . 70-7 2 . 96-7 2 .01-7 8 .80-8 2 . 78-8 1 . 23-8 8 . 0o-9 5 . 77-9 

SB 2 . 27-6 1 . 30-6 5 . 94-7 3.08-7 2 . 09-7 9 .02-8 2 . 82-8 1 . 24-8 8 . 00-9 5 . 73-9 

SSE 1 .42-6 4 . 54-7 3.82-7 2 . 2G- 7  1 . 59-7 1 .02-7 3 . 17-8 1 . 39-8 8 .99-9 6 .47-9 

s 7 . 76-7 4 . 66-7 5 . 1G-7 2 . 33-7 1 .  59-7 7 . 02-8 2 . 21-8 9 . 19-9 6 . 36-9 4 .6o-9 

ssw 3 . 1 5-7 1 . 7 7-7 1 . 1o-7 9 .85-8 7 . 18-8 4 . 31-8 1 . 37-8 6 .07-9 3 . 93-9 2 .83-9 

sw 4 . 34-7 2 . 24-7 2 . 5o-7 2 . 1G-7 1 .42-7 6 . 04-8 1 . 87-8 8 . 17-9 5 . 29-9 3.81-9 

WSW 6.88-7 4 . 79-7 4.81-7 2 . 49-7 1 .69-7 7 . 78-8 2.43-8 1 .06-8 6 .88-9 4 .96-9 

w 1 . 05-6 4 . 51-7 3 .66-7 2 .  78-7 2 . 2 1- 7  9 . 94-8 3 . 06-8 1 . 34-8 8 .64-9 6 . 22-9 

WNW 1 .0o-6 4 .01-7 4 . 36-7 2 . 74-7 2 .33-7 9 . 95-8 3 . 1 2-8 1 . 37-8 8 . 88-9 6.42-9 

HW 8 . 54-7 8 . 08-7 8 . 55-7 5.99-7 4 . 54-7 2 . 48-7 6 . 28-8 1 . 1 1-8 7 . 38-9 5 .42-9 

NNW 7.41-7 4 . 06-7 2 . 13-7 8 . 62-8 9 . 30-8 7 . 20-8 2 . 3 1 .8 1 .03-8 6 . 7o-9 4 . 88-9 

NOTB: Ataoaphe ric diaperaion factor• for elevated re1eaae. 



Table 6 . 5  

Contr ibut ion of exposure pathvays to the dose of specific organa of the caxically 
expoaed individual . 

Pathva Total Bod Ct Tract 

External Exposure• 

lncestioa of Cont&�inated 
Food 

Inhalation 

<1% 

78% 

22% 

1% <1% 

98% 99% 

1% (1% 

(a) lnc:ludu exposure froaa coata��inated ground surface and exposure frOCl 
Um.ersion in any plume. 

<1% 



--------------------------------------�-- -----

Table 6 . 6  

Contribution of specific radionuc lidea t o  the doae of organa of the maximally 
eapoaed individual . 

Radionuclide Total Body 

lJi 93% 

89sr <1% 

90sr <1% 

125sb <1% 

1 29t 6% 

1 l4ca <1% 

ll7c1 <1% 

Bone Thyroid Ct Tract 
(% Contribution to dose) 

2% 99% 

<1% <1% <1% 

21% <1% <1% 

<1% <1% <1% 

58% 98% <1% 

4% <1% (1% 

17% <1% <1% 



Chapter 7 

Accident Analysis 

Because of the inherent safety features of the Submerged Demineralizer System 

and maxiaua utilization of existing site facilities, potential accidents vhich 

involve the release of radionuclidea to the environment are minimized. Hypo-

thettcal accidents during aystem operation are proposed and evaluated in the 

follovtn& aaaeaament. The following accident analysis has been performed 

baaed on the aaaumption that zeolite beds are radiolo&ically loaded to 40,000 

Ct. Should higher radiological loadings be determined to be appropriate, the 

accident analysis vill be reassessed using the hiaher radiological loadings. 

7 . 1  Inadvertent pu!pins of contain .. nt vater into the spent fuel pool. 

Aaau.ptiona: 

Tbe effluent line froa the final filter develops a leak and ls not detected 

t.mediately. Contaminated vater is released into the pool at a rate of 30 

apa for a period of 15 minutes, (450 aallona or 340 curies). 

It is aaaumed that the total activity ia made up of Cesium, 47 Ci of 

Ca-134 and 293 Ci of Ca-137 (baaed upon the measured concentrations as 

reported in Chapter 1). Analysis of the accident alao aasumea unifora 

mixing in 233,000 &allons of pool vater and reaulta in pool vater contaa-

ination levels of 0.39 uCi/.t. 

Occupational Exposure £ffecta: 

Tbe doae rate ia calculated to an individual on the valkvay at a point 

aix feet above the surface of the vater using equations for an infinite 

slab source (Rockwell, 1956) and publiahed radionuclide decay data (USOHEW, 

1970). The depth of vater in the pool ia 38 feet. The calculated aaximum 

exposure rate at six feet above the aurface is 116 mR/br. 
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Off-aite Effec t • :  

Airborne contminat ion reh.aau a s  a result o f  thi• hypothetical accident 

are a ... 11 fr.ct ion of the limite specified in 10 CFR 20, Appendix B .  

No 1ignificant increases i n  the 1ite boundary expoaure level i 1  expected aa 

a re1ult of thia hypothetical accident due to the apent fuel pool confisur

ation and inherent shielding propert ies of the pool •ide valls and the 

diatance to the 1ite boundary. 

Conclu1ion1: 

Thia hypothetical accident ia evaluated under con•ervative assumption•. 

Althouah the ana�y1i1 of thia hypothetical accident provide• result• that 

indicate radiat ion field of 116 mR/hr at a level aix feet above the pool 

1urface, area radiat ion monitor alarm• vould indicate it1 presence . 

Pertonnel vould be evacuated to enaure that occupational expo1ures are 

limited . 

Off-a ite radiological con1equence1 potentially re1ult ing from thia hypo

thetical accident are ina ignificant. 

7 . 2  Pipe rupture on filter inlet l ine ( above vater level) 

A11111pt iona : 

A pipe rupture occurs in the inlet line to the filter• above vater leve l at 

the aoutheaat corner of the pool . The leak. proceeda for fifteen minutes 

before the puap ia atopped. Cont .. inated vater aprays from around the lead 

brick ahie lding. A total of 75 gallons of vater i1 spread onto a aurfGce 
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.rea of 200 ft1 aad 67S aalloaa of coat .. iaated vater are drained into 

the pool . It ia further aaau.ed that the cont .. iaated vater contains 0 . 77 

Ci/aalloa of act iYity, aa Ca-134 aad Ca-137 ia the aa.e concentration 

ratioa that vere aaau.ed for the prevAOUI hypothetical accident. 

Occupational txpoaure Effect a :  

Aa a reault o f  thia hypothetical accident , three aiani ficant effecta 

an poatulated: 

1 .  Tb e  aaxiaua , .... espoaure rate at the aurface of the cont .. inated 

floor area ia eatU..ted to be 8 . 64  1•/hr . 

1. Tbe aaxiaua beta upoaure rate at a point three feet above the aurface 

of the coata.iaated floor ana ia ut U..ted to be 384 ll�/hr. 

3. Tbe apoaure rate fr011 the aurface of the cont .. iaated apent fuel pool 

v.tera, at a point aix feet above the aurfac e ,  vould be approxi .. tely 

174 alta/hr. 

Off-aite !ffecta: 

Airborne conta.inat inn releaaea at the aite boundary aa a reault of thia 

hypothetical acc ident are below thoae liaita apecified in 10 era 10, 

Appendix B .  

Tbe incnaae o f  espoaure rate at the alu boundary , a a  a reault o f  thia 

hy�thet ical accident, would �At be aiaaificaat due to the abieldia& 

cbaracteriatica of the fuel buildia& vel la and the diatance to the aite 

boundary. 

Ccmclueiona: 

Tbie hypothetical accident , and the conaequentea of i t ,  poae no threat to 

the pub lic health and aafety or to the accuaulation of occupational rad i o

loaical apoaure. 
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Even thougb high aurface contamination level• exist at the floor area and 

the spent fuel pool waters are contaminated such that the total body could 

be exposed to relatively high radiation level s ,  area radiation monitors 

would indicate the presence of high radiation. Personnel would be evacuated 

fro. the area to ensure that occupational exposures are limited . 

7 . 3  Inadvertent l i f ting o f  pre filter above pool surface 

AU \!!lit ion•: 

It ia aasu.ed that due to a failure in the crane control system, the over 

head crane aoves toward the loading bay after pulling one expended filter 

to the aaxiau. height of eight feet below the pool surfac e .  � the crane 

movea toward the bay , the handling tool hits the end of the pool and the 

filter i a  drag:ed from the water expoaing operating personnel . 

Analysis of the accident ia performed by using a point source approximat ion 

and calculating the dose rate at a distance of 15 feet from the filter. 

The calculated dose rate is 2 1  Rem/hr and i s  based on an assumed f ilter 

loading of 1000 curies. 

Occupat ional Exposure Effect•: 

Aa the filter assembly nears the surface of the· spent fuel pool water area, 

radiation monitor alarms vill be tounded announcing the presence of high 

radiation fields. Peraonnel would be evacuated from the area to ensure 

that occupat ional expo1uru are liaited. 

Off-site !ffects: 

Airborne cont .. ination as a result of this hypothetical ac c ident would not 

occur s ince the particulate activity ia fixed on the filter element• vhich 

are contained within the filter housiaa. 
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The incre&�e in the radiation level at the site boundary would not be 

significant due to the ahielding characteristics of the fuel building wa lla 

and the distance to the site boundary. 

Conclusions: 

The public health and safety is not compromised aa a consequence of this 

hypothetical accident . 

7 .4 Inadvertent lifting of zeolite ion exchanger above pool surface 

Aaa...aptiona: 

It is &lsumed that due to aultiple failures, a zeolite veaael
_ is lifted 

fraa the pool resulting in the exposure of plant operating peraonnel . 

Analysis of the accident is performed by modeling the zeolite ion exchanger 

bed in cylindrical geoaetry &od calculating the dose rate at a distance of 

20 feet froa the surface of the zeolite ion exchanger. The calculated dose 

rate ia approxiaately 297 Rem/hr baaed on an estUD&ted zeolite ion exchange 

bed loading of approxiaately 5390 Curies of Cesi�l34 and approxima tely 

34.600 Curies of Cesius 137.  

Occupational Exposure Effects: 

As the zeolite veasel nears the surface of the apent fuel pool vater. area 

radiation aonitor alarms vil l  be sounded announcing the presence of high 

radiation fields. Personnel vould be evacuated from the area to reduce 

occupational doees. Airborne contaaination vould not occur since the 

activity ia fixed on the zeolitee. 
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Offaite !ffecta: 

Airborae cont .. inat ion aa 1 reault of thia hypothet ical accident would not 

occur aince the ac t ivity ia  contained on the zeolite• which are contained 

in tbe ion exchanger veaael . Tbe increaae in the r.diation level at the 

aite boundary vould not be aisni ficant due to the shielding provided 

by the Fuel Handling Building vall• and the diataoce to the site boundary. 

Conc: lusiona: 

Tbe public: health and safety is not eodansered as a reault of this hypo

thetical accident . Occupational expoaurea are ainimized by evacuation 

of the area. 

7 . 5  Inadvertent Drop of SDS Shipping Cask 

Au�ptioaa: 

It ia astuaed that due to a failure in SDS shipping C&lk handling equipment 

an SDS c:a1k containing a zeolite ion exc:hanser i1 dropped froa the Fuel 

Handling Building (FRB) crane to the floor at EL 3 05' . Tbe SDS shipping 

c:aak ia IllUDed to drop froa the maKiaua crane lift height.  Upon impact 

vith the floor at EL 305' , the SDS shipping ca1k is aa1umed to experience 

rupture aa vell •• rupture of the zeolite veue l ,  thut upos iag the de

watered zeolite reaina to tbe FRB at.o1pbere.· The radiation aource i1 

apprax�tely 5390 Cur ie• of Ca-134 and approx�tely 34,600 Curiel of 

Ca-137 on the zeol ite ion exchange eedia. The contribut ion froa other 

iaotopea on the zeolite media and re1idual c:ontaioaent building 1ump water 

(Table 1 . 1 )  in the ion exchange eedia ia negligible; it i1 aasumed the 

lo-4 percent of the isotopes are inttantaneoualy releaaed to the FRB 

at.oapbeu .  Tb i a  &a1U8ption ia c:onurvative bec:aute the isotopes are 

ab1orbed octo the zeolite aedia. The Fuel Handling Building BUA filters 

are aa1uaed to bave an efficiency of 99%. 
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Occupational !ffecta: 

�auaing that the SDS ahippina caak rupture• completely expoa ing the 

&eol ite ion esch.uaer containing the activity .ent ioned above , the calcu

lated doae rate i a  approxiaately 297 lea/hr at a diatance of 20 feet. Upon 

tbe rupture of the caak, r ad i ation .-oniton vil l eound announcing the 

vreeence of h igh radi at ion fielda. Pereonnel could be evacuated from the 

area to reduce radiat ion expoeurea. Airborne contamination wi l l  not occur 

if the &aolite ion exchange veaeela rC8&ina intact. With the aaau.ption 

that the veaaela rupture and radioactive aaterial become• airborne, the 

airborne activity vill be reduced to acceptab l e  level• by the Fuel Handling 

!uilding BVAC Syatea prior to at.oapheric releate. 

Operat ional !ffecta: 

1. t.pact on ayateat , atructurea and coaponenta hat been conaidered vh ich 

could poaaibly reault in adveraely affect ina the abilit� t o  operate 

theae Reactor Plant e aafely, t ranafer load or unload fuel aafely, or 

.. intain theae Plant• in a aafe cold ahutdovn condition. 

2.  Analy•i• haa been conducted vb ich de.oa�tratea that a pottulated SDS 

Caak drop along the propoaed travel path would not advertely affect 

either THl Unit 1 or Unit 2 .  

Off-Site !ffecta: 

The iacreaae in radiation level at the aite bondary would not be aign i ficant 

due to the ahieldina provided by tbe FRa vall• and the diatance to the aite 

boundary , i f  the SDS c .. k ruptuna expoaina the &eolite ion exchanger. 

With the aeeuaption that radioactive .. terial eac apea, the vbole body doae 

due to the releaaed ac t ivity at the aite boundary will be le•• than lo-5 

... for both beta and ,_. radiation. 
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Coocluatoea: 

Tb� public: be.altb and aafety are aot COII;Iro.iaed •• a coeaequ�11c:e of 

tbia hypothetical ac:c:ideat. 
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Chapter 8 

Conduct of Operations 

The SDS proar .. for operetioua ia divided into a phased approach. 

Theae phaaea are: 

8. 1 Statea Developaent 

Syatea developaent activities have been perforard to aaaure that coaponenta 

are developed apecifieally to meet the conditions imposed at THl and 

perfora in the intended .. nner. 

The ion-exchanae proceaa ia a vell underatood proeeaa. Even tbouah iou

exehana• .adia have been in uae for approxiaately 50 yeara or .ore, a 

developaent proaraa vaa conducted at the Oak Ridge National Laboratory, 

the reaulta of which are doeuaented in OINL lK-7448, to �ure that the 

media selected for uae at tMI provided optimized performance character

iatica of various aedia usinz a.-plea of the vaters to be proceaaed at 

tHI .  SDS effluent vill b e  polished by EPICOR-II. 

Additional developaent effort baa been expended to verify that 

aedia loadina and devatering can be aceo�lished in the intended aanner and 

that the reaote toola, necaasary for the eouplina and de-coupling of the 

veaaela, operates in the intended .. auer. 

8 . 2  Stat!! Preoperational Teatins 

Prior to uae in the SDS aach veaael vill be hydrostatically tested in 

confor-anee vith the requireaenta of applicable portions of the ASK! Boiler 

and Preasure Veaael Code. Upon ca.pletion of construction, the entire 

a,.t.a will be pneuaatically taated to aaaure leak-free operation& . The 

•J•tea vill be tested to an internal preasur� of no leaa than 1 . 1  tiaea the 

daaira praaaure. 
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Individual component operability vill be aaaured during the preoperational 

testing. Motor/pump rotation and, control schemes vill be verified. The 

laakaae collection aub-ayatem, aa vell aa the gaa collection sub-system, 

will be tested to verify operability. Filtere for the treatment of the 

collected gaaeoua vaate will be tested prior to initial operation. 

Syatea preoperational tasting vill be accomplished in accordance vith 

approved procedures. 

S . J  Sxstea Operations 

Systea operations vill be conducted in accordance vttb WTitteu and approved 

procedures. These procedures vill be applicable to no�l eyatem operations, 

... rgency aituatiooa, and required maintenance evolutions. 

Prior to SDS operation, formal clasarooa instruction vtll be provided to 

syat ... operations personnel to ensure that adequate ltnovledge 1a gained to 

enable safe and efficient operation. During ayatea operatiooa on-going 

operator evaluations vill be conducted to eneure contiauins safe and 

efficient syatea operation. 

Statea Decoamiaaioniog 

The dacoamiaatooios plan for SDS is being developed. An outlioe of the 

planned approach to deca..taaiooiog ia abova below. 

Tbe baaia for the decomaiaaiooing plan ia that the Submerged Demineraliza

tion Syat .. ia a teaporary ayatea; ita installation and reaoval vill cause 

no permanent plant change a. 
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1 )  !qui�nt and int erconnec t ing p i ping wil l b e  decont .. inat ed .  the 

levela to wh ich decoat .. ination ia accoapl i ahed w i l l  depend on the 

intended diapoa ition of individual i t esa ,  i . e . , di spoaal or reuae. 

2) The ayatea wil l  be d i aaaae.hled , component by component . 

3) Majo r  ayat� ca.ponenta can be stored for later uae or diaposed of 

at a licensed burial fac i l i t y .  

4) S..1 l  coaponen t a ,  auch aa valve a ,  piping, inatruments, etc . can be 

d i apoaed of aa rtdioact ive vaa t e .  
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