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Metropolitan Edlton Company 
Pon Office Bo• 480 
Middletown, Pftlmylvania 17057 
717 944-4041 

THl Program Office 
Attn: J. T. Collins, Deputy Manager 
U. S. Nuclear Regulatory Commission 
c/o Three Hlle Island Nuclear Station 
Middletown, Pa. 17057 

De01r Sir: 

April 10, 1980 
TLL 160 

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

Docket No. 50-320 
Submerged Deminer01lizer System 

At the present time there exists at THI-II water in the containment sump and 
reactor coolant system containing isotopic concentrations in excess of 100 
�Ci/ml. The decontamination of these waters is required in order that 
recovery operations may continue. This water exceeds the 100 pCi/ml design 
capability of the existing EPICOR-2 facility. 

�nclosed, is our Technical Evaluation Report on the Submerged Oemineralizer 
System (SDS), an ion exchange process that represents the method selected 
for decontamination of these waters. This report documents the requirement 
for decontamination of these waters, as well as the engineering design of the 
proposed system to accomplish this objective. 

Pr�sently, the calculations that provide backup support for Chapters 6 and 
7 are being prepared in a fo� that is suitable for submittal. These calculations 
will be submitted by approximately April 28, 1980. 

Our present plans call for the initiation of processing contaminated waters 
by the SDS in October, 1980. Our plan calls for processing the containment 
sump water first, prior to commencement of reactor coolant system vater 
cleanup. This water processing schedule has been developed to enable 
reduction of radiation exposure levels by a significant a.mount in the contain­
e�ent building to minimize, as rapidly as possible, radiation exposure to 
personnel entering and working there. As further info�ation is obtained, 
and as containment building decontamination plans are developed, it may 
become necessary to add �ater to the conta1nm�nt sump as a result of gross 
decontamination o£ the building surfaces. Upon completion of containment 
sump water processing Cor the reduction of the source te�, cleanup of the 
reactor coolant system water will proceed in preparation for reactor vessel 
�ntry and fuel removal. 
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Other cont�nnted waters mny be processed by the SDS upon cocpletion of 
the reactor coolant system water cleanup if it is technically feasible and 
prudent to do so. Details of plans for this additional water processing 
by the SDS will be forwarded for your information and approval as they are 
-Jeveloped. 

We believe the SDS represents an optimum system for decontamination of the 
containment sump water and reactor coolant system water. Your early approval 
for use of this system is requested. 

CIQI : wt.: hah 

Enclosure 

cc: 8. Snyder 

Sincerely. 

�k'(� C. K. Hovey 
Director. TMI-II 
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Chapter 1 

Summary of Treatment Plan 

1.1 Project Scope 

The decontamination of TMI-II i ncludes the processing of approxi mately 

1,000,000 gallons of radioactively contaminated water with 

activities as shown in Table 1.1. Presently, this water i s  con­

tained in the reactor coolant system and the containment sump. 

This report describes a Submerged Demineralizer System (SDS) and 

the work associated with the development of the system for the 

expeditious clean-up and disposition of the contaminated water 

mentioned above. Specific design features of the system i nclude: 

1. Placement of the operating system i n  the spent fuel pool. 

2.  Radioactive gas collection and treatment. 

3. Liquid leak-off collection and treatment. 

4. Underwater placement of ion-exchange vessels into a 

shipping cask without removal from the spent fuel pool. 

1.2 Identification of Radionuclides and Radioactivity Levels 

Water samples were taken from the reactor coolant system and the 

containment sump. These samples were analyzed to identify specific 

radionuclides and concentrations. Typical results are listed i n  

Table 1.1. 

1.3 Alternatives Considered 

During the early phases of developing a system for the control, 

clean-up, and disposition of the contaminated water located i n  

the containment building of TMI- I I, several methods o r  alternatives 

were evaluated. These alternatives were grouped into two categories: 

(1) those with no volume reduction and 

(2) those with volume reduction. Presented 
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below, are the alternatives considered with a discussion and con­

clusion about each. 

Alternative I: Leave Contaminated \1ater in Containment Indefinite­

ly (No Volume Reduction) 

Of scuss ion: 

A .  Contairrnent Sump }later 

1. The sump water contains radionuclfde concentrations as 

depicted in Table 1.1. The radiation dose rate at the 

surface of the sunp water measures approximately 120 
R/hr. The existence of this relatively high dose rate 

would cause radiological exposure problems during the 

recovery program, i.e., increased exposure to recovery 

personnel, increased contamination levels, and increased 

possibility of airborne activity. 

2. The presence of the contaminated sump water would prevent 

decontamination of the lot1er levels of the containment 

butlding . 

B. Reactor Coolant System Water 

The presence of the contaminated water in the reactor coolant 

system would inhibit disassembly of the reactor and impede 

defuelfng operations. 

Conclusion: Alternative I is not deemed feasible for the following 
reasons: 

1. The potential for increased personnel exposure exists. 

2. Facility decontamination and defueling operations are seriously 

inhibited or perhaps prevented. 

3. Continued stora9e of the conta�inated water in the containment 

sump for increased periods of time increases the probability, 

h0\1ever sl'1a11, that leakage from the building �ay occur. 
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Al ternative II:  Transfer \later to On-site Storage Faci l ity (No 
Volume P.eduction) 

Di scussion: 
1 .  In order to safely contain  the contaminated water, the con­

struction of an on-site l i quid waste storage fac i l i ty would be 
required. 

2 .  Addi tional radiation areas on the pl ant si te would be created 

i f  a l i qu�d waste storage facil i ty were bui l t. 

3 .  Estimate� indicated the constructi on of a waste storage fa­

c i l i ty would exceed two years. 

4 .  A l i quid radioactive waste transfer system for the transfer 

of the contaminated water from the various l ocations to the 

waste storage complex would be required. 

5 .  Handl ing and pumping operations may i nvolve leakage and con­
tami nation spread. 

Conclusion: Based on the above discussion, Alternative II i s  not a 
feasible method. 

Al ternative III: Sol idi fication and Di sposal (No Volume Reduction) 
Discussion: 

1 .  The construction of an on-site sol idi fication facil i ty would 
be required. 

2 .  Based on 1 ,000,000 gal l ons of contaminated water to be process­

ed, a 30-gal l on ava i l ab i l i ty of water volume in  a 55-gal l on 

drum, 70: availabi l i ty, 24-hour/day operation, and a 45 minute 

cycle time, the processing time may exceed four years. 

3 .  Based on 1 ,000,000 gal l ons of contaminated water t o  be process­

ed and a 30-gal l on avai labi l i ty of water volume in  a 55-ga l l on 

drum, the number of drums of sol idi fied waste that would be 
generated would exceed 33 ,000. Hand l i ng and transportation of 

this extremely large quantity of sol idi fied waste would be 

prohihftive. 

4 .  The handl ing evolution required to sol id ify the contami nated 

water may involve suhstantial radiation exposure to personnel . 
5.  The potential for leaka9e and contamination problems n�y be sub­

stantial in operating a sol idi ficati on fac i l i ty for processing 
this contami nated water in  thi s  �nner. 
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Conclusion: Based on the above considerations, Alternative III i s  

not considered to he feasible.  

Alternative IV:  Submerged Dernineral i zer System (SDS) in the nan 
Spent Fuel Pool (Voluce Reduction) 

Discussion: 

1. The system would be capable of reducing activi ty level s to 

levels acceptable for release to envi ron�nt. 

2 .  Processing contaminated water would resul t  i n  concentrated 
waste requ i ri ng shieldin9. 

3. The system incorporates remote operabil i ty features. 
4.  Des ign, construction and operation would a l l ai for relatively 

short lead ti�es; the system could be in operation by October, 
1980. 

5 .  The system would require minimal maintenance. 

6 .  The system would be amenable to location within the Spent Fuel 

Pool which would utilize the natural shiel ding of the contain­
ed water. 

7. Concentrated waste would be transported to a l i censed commer­
cial burial ground i n  accordance with existing regulations. 

Concl usion: BasP.d on the above considerations, Alternative IV i s  

an acceptable method for decontamination. 

Al ternative V :  Epicor I I  System (Volume Reduction) 

Oiscussion: 

1. Some contaminated waters may require di l ution prior to pro­

cessing i n  EPICOR I I  to decrease the activi ty level to less 

than or equal to 100 uCi/ml . Addi tional water vol umes would 

be created causing a requirement for increased processed water 

storage volume. 

2. The system is  presently processing intermedi ate level ,.,aste 
�aters at other locations on the plant site. 

3 .  The curie loading levels of Epfcor I !  vessel s are l imi ted due 
to shielding design considerations resultin9 in an increase of 

the fol lowing: 

a. :lumber of vessels and radi oactive ,.,aste shipments required. 
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b. Processing time. 

c. Additi onal hand ling requirements. 

d. Personnel exposure. 

4. The system requires minimal mai ntenance. 

Conclusion: The use of EPlCOR II to decontaminate the higher level 
waste waters i s  rejected for the following reasons: 

1. Continued treatment of the intermedi ate level waste water i s  
required. 

2. Increased processed water storage volume i s  nQt practical. 

3 .  Hi gher than necessa� personnel exposures i s  not consistent 

wi th ALARA. 

Alternative V I :  Evaporation (Volume Reduct i on)  

Discussion: 

1. Evaporation would requi re the design and construction of a new 
faci li ty. 

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

the design of the facility would be complex to allow for 

maintenance of the processing system and personnel radiologi­

cal protection. The construction of the facil ity would re­

qui re at least two years. 
3 .  Evaporation provides the abili ty to process a wide range of 

chemical contaminants. 

4. Evaporation typically provides a decontamination factor of 

104. 

Conclusion: Evaporation is an acceptable alternative for process­

i ng the contaminated waste waters. Based on the long construction 
time of the faci lity and inherent potential for higher occupati onal 

exposure due to increased maintenance requi rements. this alternative 

i s  less desi rable than Alternative IV. Submerged Demineralizer 

System (SDS) .  
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1.4 Description of the Decontami nation Process 
1 .4.1  General 

Anal ysis  of the alternatives previously presented has 

resulted in the dete�fnation that, of the two a lterna­

tive categories considered, volume reduction i s  appropri­

ate for the disposition of conta�i nated water. This 

conclusion was reached based on the considerations that 

volume reduction: 

1. fixes the contami nants 

2. concentrates the activity 

3 .  oinimizes storage and disposal space 
Of the volume reduction category, the Submerged Demi neral­

izer System (SDS ) ,  or Alternative IV, was chosen on the 

most appropriate process for the fol l owing reasons: 

1 .  basic design simpl i c i ty 

2. high performance for decontaminating l i quids, i .e . ,  

decontami nation factors up to 106 
3. amenable to placement under water to take advantage 

of shielding properties of the water. 
4. abil i ty to implement in  a timely fashion for support 

of the overal l objective of expedi tious fuel removal . 

The SOS fs  an i �n-exchange process expected to provide 

dacontamination factors up to 106 for cesium and 104 for 

strontium, thus removing the majority of the activity. 

The rema ining radionucl fdes, except for tritium, are also 

removed by the ion-exchangers with expected decontami­

nation factors ranging from 10 to 100. 
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1.4.2 SOS Operating Description 

Figure 1.2 i s  provided and is the block flow diagram that 

depicts the process fl�� in the submerged deminera l f zer system. 

Contaminated waters enter the SDS via a supply ma n i fold  that 

permits selection of the i nput water source. These waters pass 

through cartridge-type fil ters for removal of parti culate�atter 

prior to holdup in the four 15,000 gal lon holdup tanks. 

Contaminated waters are pumped from the holdup tanks to the 

processing system. A sample box is  provided to enable samp l i ng 

of the influent water to detennine the radionucl ide content. 

The ion-exchange beds consist of six underwater colums (24 i n: 
x 54 in . ) , each containing approximately 7 cub i c  feet of zeo­

l i te resin. Inlet, outlet, and vent connections are made with 

r�otely operated coup1ings. The beds are arranged in  two 

paral lel trains with three colums in each train .  Flow may be 

di rected through one train of three resin  beds or through both 

trains in paral lel . Loading of the beds wi l l  be control led by 

feed batch s ize, l oading time, effluent sample analysi s ,  and 

continuous monitoring. 

When the desired bed loading is achieved on the first bed of 

the train, the feed flow to the train wil l  be stopped, the bed 

wi l l  be flushed with clean water, and the first bed wi l l  be 

di sconnected and moved to the storage rack using the pool area 

crane. The second and thi rd beds wil l  be disconnected, moved 

to the first and second positions, respectively. This opera­

tional concept has el imi nated the potential for valving errors 

and a l so ofnimizes the possibi l i ty of an unexpected resi n  

"breakthrough• (when the resin  i s  completely loaded) which 

could recontami nate the water al ready processed. 

Two addi tional ion-exchange columns wi l l  be located underwater 

and are i mmediately downstream of the zeo l i te resin beds. 

These exchanger beds wi l l  contain  organic cation resin for 
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removal of residual radionucl ides. Colunn loading wi l l  be 

l i mi ted to less than 75 Ci of Stronti um  based on pri�� column 

effluent mnftorfng. The columns are arranged to be operated 

s ingly or s i oul taneously i n  para l l e l .  This loading l imit i s  

based on restricting the integrated radi ation dose to the resin  

to less than 108 RAns. 

llaste water wil l be processed in batches, sampled and analyzed, 

and fed to the ion exchange system. Samp l i ng l i nes are pro­

vided on the SOS feed and effl uent streams from the zeol i te and 

cation beds. Sample flows from the bed effluent may be selec­

tivel y passed through beta monitors to detect breakthrough and 

a l l ow  compari son of the moni tor readings to sample results. 

rtoni tors are also provided on the po l i shing unit influent 

l i nes, the l eakage containment i nfluent l ine and f n  the general 

area of the valve box. These moni tors have an alarm system and 

a h igh radiation trip point that will  automatical l y  close a 

r�tely operated valve on the main feed l i ne,  stopping the 

operation fn the event of a leak or bed breakthro�gh.  

A 195 cubic  foot hed is  provided downstream of the cation 

exchangers to remove trace fission products not removed earlier 

fn the process. This  "mixed-bed" pol i shing exchanger wi l l  be 

l ocated above water l evel and loading wi l l  be determined by 

i nfl uent and effluent sa�pl ing. 

A monitoring system cons isting of holdup tanks wfl l  coll ect 

treated effluert from the pol i shing demineralfzer. The con­
tents of these tanks wfll  be sampled to determine the l evel of 
residual contamination. Recycle of the treated water wi l l  be 

possible in the event that radioactive contaminant l evels do 

not meet criteria for the pol i shed effluent from the system. 
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Isotope 

Cs-134 

Cs-137 

Sr-89 

Sr-90 

H-3 

pH 

Boron 

Na 

TABLE 1. 1 

Typical Results of Analyses from 
the Reactor Coolant System Water and 

the Containment Sump Water 

Reactor 
Coolant 
Svstem 

8.0 pCi/ml 

42 lJCi/ml 

33 lJCi/ml 

27 pC1/ml 

0.15 pCi/ml 

8.0 

3900 ppm 

1450 ppm 

Containment 
Sump 

40.0 pCi/ml 

176 pCi/ml 

40.0 pC1/ml 

2 . 7  pC1/ml 

1.03 pCi/ml 

8.6 

2000 ppm 

1100 ppm 



Chapter 2 
SuMmary of Health and Envi ronMental Effects 

2.1 Occuoational F.xoosure Durina Rout�ne Ooeration 

The SDS has heen desiqned to maintain exposures to operatino personnel as 

low as reasonahly achievabl e .  To implement the ALARA concept, components 

carryina hi�h level activity �ater, that are not contained i n  the fuel 

pool , have been provided with shfeld in�. Shielding has been desi�ned to 

lf"it whole hody exposure rates fn  ooeratina areas to less than 1 mR/hr. 

In addition, components carryino high level orocess fluids have heen 

desi�ned for exhaust to the SOS off�as system. This off-9as treatment 

wil l Minimize the potential for airborne radioisotope releases in the 

work areas. 

2 . 1 .1 Exnosure Plannino 

�everal activities wi l l  be imPlemented prior to the SOS start 

up to assure occupational exoosures are "fnfnized. These 

include: 

Review of operating, maintenance and survei l l a nce pro­

cedures to assure orecautions are adeouate. 

Review of·the installe� system to identify potential 

prohlens du·rino operation and the im('lernentation of 

corrective actions. 

Oetaf l ed time studies durfn9 preoperational testing and 

system trainin� to update exnosure esti�tes. 

llhen tine studies have heen completed and operatin!l and sur­

veil lance freouencies are establ i shed, total occupational 

exposures for various activities durino sns ooeration �y he 

predicted. This  exercise will  nermit review of those activi­

ties esti�ted to yi el d the hi�hest man-r� expendi ture. 

P.e-examination to assure that every reasonahle effort is ex­

pended to "iniMize personnel exposure �ay incl ude the fol lowin!l 

considerations: 

Reduction of the freouency of ooeration 

Temoorary or additional shieldin� 

Tool modi fications 
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Procedure modification 

Personnel training to reduce �ork time 

Component modifications 

2 . 2  Exposures to the Public During Routine Operation of the SOS 

Maximum individual dose commitments for 365 days operation of the system 

are 3.6 x lo-
3 mrem for whole body exposures, 4.4 x lo-

3 mrem for bone 

exposure, 3.6 x lo-
3 mrem for thyroid exposure, and 3 . 0  x lo-

3 mrem for 

GI tract exposure. The total do_se to the entire population within 50 
miles is calculated to be 0.12 man-rem. 

It is important to emphasize that conservative assumptions (tending to 

maximize dose) have been applied throughout the calculation of maximum 

individual and population dose. Even with the application of conservative 

parameters, the population doses have been evaluated to be acceptable. 

A detailed summary of the method used to estimate the maximum individual 

dose and the population dose is included in Chapter 6 .  

2.3 Evaluation of Unexpected Occurrences 

The radiological assessment includes the analysis of three hypothetical 

accidents that are assumed to occur during operation of the system. The 

first accident is an inadvertent pumping of containment water into the 

fuel storage pool until a total of 450 gallons of radioactive water is 

released to the pool. Significant exposures to the public do not occur 

since the contaminated water is contained in the spent fuel pool. The 

maximum exposure rate at a distance of six feet above the pool surface is 

estimated to be 430 mrem/hour. Since the release of water occurs under­

water, no significant exposures are expected for workers. The primary 

impact of the accident is the creation of an additional 233,000 gallons of 

contaminated water. 

The second hypothetical accident assumes a pipe is ruptured and con­

taminated water is sprayed into the building and fuel storage pool. It is 

possible that workers coul� be contaminated, however. prompt emergency 

decontamination procedures would prevent major radiation exposures. The 

maximum exposure rate three feet above an area on the floor on which the 

spray water resides i� expected to be 11 R/hour. The radioactive materials 

would be contained within the building except small amounts of 
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radfonuclides that would hecome airborne and subsequently be released 

throu9h the moni tored station disc�arqe. This a i rhorne radionuclide 

release would not resul t  in significant exposures to the oubl ic.  

The final hypothetical accident eval uated considers the inadvertent 

raising of a loaded prefil ter above the pool surface. The exposure rate 

at a distance of 15 feet from the source is estimated to be 21 R/hour and 

coul d resu l t  in a dose of approximately 1 .8 rem to workers who remain  in  

the area for a five minute period. 

2 . 4  Industrial Health and Safety 

2.4.1  Publ i c  Safety 

Operation of the Submerged Oemi nera l i zer System poses no risk 

from an industrial standpoint to the general public for the 

fol l owing reasons: 

1 .  The majority of the l i fting and hand l i ng activities take 

place within the ntJ C01'1plex. 

2.  Hazardous chemi cal species, flammable or  explosive sub­
stances, heavy i rtdustri al processes, and concentrated 

manufacturing activi ties are not invol ved in the instal­
lation or operation of the SOS. 

3.  The number of  shipments involved wi l l  not be large enough 

to cause a signi ficant di fference i n  traffic on the high­

ways uti l i zed between TI'I and the di sposal facil i ty. 

4. "Exclusive use vehicles" ensure that the trucks wi l l  be 

control led , monitored, and supervised in a safe �nner and 

that the drivers are sufficiently trained and aua l i fied to 

handle the responsibi l i ty of safe transportation of these 
loads. 

5. No toxic  substances are used in the SDS. 

2.4.2 nccunational Safety 

Durinq the operation of the SOS , opera tfn9 personnel wi l l  
adhere to station require�nts for occunational safety. All of 

the structural equipnent and operatfn� eou ip�nt used shal l 
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meet Occupational Safety and Health Administration requi rements 
as app l i cahle. Any personnel protective equipment that would 

be requi red for the operation of the SDS \rll l be uti l i zed in  

accordance with standard station procedures. 

2 . 5  tlon-Radf ologf cal Envi ronmental Effects 

Adverse envi ronmental effects from the construction and operation of the 

SDS are not anticipated. The system wil l  be instal led and operated in an 

existing. on-site fac i l i ty and thus wi l l  not requi re  any change in land­

use. Additional ly,  the system is designed in such a manner as to al l ow 
zero discharge of liquid effluents to receiving waters. The final dis­

position of the processed water wi l l  be determined at a later date. 

Solid wastes (spent i on-exchangers, etc. ) generated by the SDS wilt  be 

secured and hel d until final disposal i s  accomplished. 

2 .6 Ul timate �taste D i spos i tion 

The solid waste generated by the operation of the SDS wi ll be handled and 

transported by a l icensed carrier i n  accordance with the DepartMent of 

Transportation and NRC regulations to a l i censed burial faci l i ty for 
ultimate disposition. 
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3. 1 Introduction 

Chapter 3 

Process Description 

A combined fil tration-ion exchange process has been sel ected as the 

method for treating radioactive water contained in the reactor 

coolant system and containment building. The filter ion - exchange 

method has been used successfully (Lin, 1973 and Clark, 1978} to 

red�ce quantities of radionuclides to levels that are in compl iance 
with 10 CFR 20 and 1� CFR 50. 

The initial processing of the waste water is fil tration for the re­

moval of solids to optimize the suhseauent ion-exchanpe process. 

Fil tration is necessary for the system to achieve designed decontami­

nation factors. 

After fil tration, radioactive ion removal from the waste water 

invol ves the use of ion-exchanpe material s. The first three ion­

exchange columns contain an inorganic zeolite material which effec­

tively removes essentially all of the cesi� and most of the stron­

tium. Other trace levels of radionuclides, including 95Nh, 103Ru, 
140La, 1311, are also partially removed by these zeolite exchanpers. 

The radioactivity content in the effluent stream of each resin bed 
is used to determine when the hed is expended and replaced. After 

leaving the zeolite exchangers, the remaining strontium in the 

effluent stream is effectively renoved by an orpanic cation resin 

contained in the next ion exchange column. 

Final deMineralization of the conta�inated water is accomplished fn 

� la r�e. mixed resin bed containing both cation and anion organic 

naterfal s. Es�entially all remaining dissolved radionuclides are 

removed fr0111 the t1ater during this process step. 

3.2 Ton-F.xchanoe r.onceots 

Ion-exchanpers are solid inorganic and organic �terial s containin9 

exchanneahle cations or anions. �hen sol utions containing ionic 
.. 
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soecies are in  contact with the resin, a stoichiometrical l y  

equivalent amount o f  ions are exchanoed. A s  a n  ex�ple ,  an 

ion-exchanoer in the sodium (Na+) form wi l l  "soften" water hy an 

i on-exchanpe process. Hard water contai nino  CaC12 i s  •softened" hy 
this exchange mechanism which removes the Ca++ 

ions from solution 
+ * + 

and replaces them with Na ions. In a s imi lar manner, Sr and Cs 
+ tons are exchanged with the Na ions from the sol id zeol i te material . 

Characteri stic properties of ion exchan9ers involve mi cro-structural 

features contained i n  a framework held together by chemical bonds 

and/or lattice enerpy. Either a posi tive or nenative electric 

surplus charge is  carried wi thin this frame�ork which must be 
compensated for by ions of ooposite s i pn. Recause the exc�an9e of 

ions is a di ffusion orocess wi thin the structural fra�ork , i t  

does not confoMM to normal chemical reaction �inetics. The pre­

ference of ion exchanoers for a particula r  specie i �  due to elec­

trostatic interactions between the charged fra�eworY. and the ex­

changing ions which vary in size and charge number. 

The deconta�ination factor (OF) is  the ratio of the concentration 

in the influent strtam to that in the effluent stream and is  used 

for deterninin9 the efficiency of a puri fication process. The 

following e1uatfon is  a qua l i tative txpress ion for the removal of a 

s ingle fonfc soecie from solution (Li n ,  1975). 

OF • 1 

1 - KnQEw 

y 
where: Q • Total exchange capacity ( �eq/ml wet resin) 

n • Fraction of Q used 

rw • Eouivalent wefght of the nucl ide under consideration 

c, • Hucl ide concentration (wefqht/volu�) 

V • Feed throughput (niJITiber of resin hed volur.,es) 

K • lfnft conversion constant 
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Important variables which are considered as part of the evaluation of 

io�-exchangers for decontamination are resin type, selectivity and 

capacity, concentration of the species to be r�oved, total composi ­

tion o f  the feed stream, and the presence o f  contaminants. Operat­

ing paraMeters such as resin bed size, now rate and distribution, 

pH, and temperatures are specified for the resin beds in order to 

maximize removal of the contami nating ions. 

Speci fications which have been defined for this purification pro­
cess include: 

(1) The flow rate to provide an acceptable residence time for ioo 

diffusion into the resin .  
(2) The cross-sectional area of  the resin to provide an  acceptable 

l i near velocity throu9h the bed. 
(3) The bed depth to resul t  fn an acceptable pressure drop. 

(4) A uniform flow distribution and a uni form resi n  distribution 
to reduce the potential for channel ing and al low the solution to 

pass throuph with sufficient time for ionic diffusion and 
exchange. 

(5) The resin bead size to minimize attrition and large pressure 
drops. 

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

dama9e, transportation, and storape re9uiations. 

{7) The cation form and the amount of resin impurities to maximize 
removal of specific nuclides. 

3.3 Ion-Exchanoe ltaterials 

The ion-exchangers selected for use in this processing system are 
an inor�antc zeol ite �terial that is c�ercia l ly avai lable and 

know as Ion Siv I E-�5 ( fon'lerly A\1-500),  and organic cation and 
anion resins. Zeolites are aluninosi l icates with franework struc­

tures enclosin9 lar�e and uniforn cavi ties. Recause of their 
narrow, rfoirl, and uni fon'l oore sf:e. they can also act as Rr.�olecu­

lar sieves" which sorb sna l l  nolecules, but which exclude rolecules 

that are laroer than the openin�s in the c�stal fra�ework. 
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Organic  ion exchange resins are typical l y  9els and are classi fied 

as cross l inked polyelectrolytes. Their fra�ework, or matrix ,  

consists of an irregul ar, macromolecular, three-dimens ional network 

of hydrocarhon chains. In cation exchangers, the matrix carries 

ionic groups such as so3, COO, (P02)3, and in anion exchangers 
+ + + groups such as NH 3, N , S are carried. The framework of the 

organic  resins,  in contrast to that of the zeol i tes, i s  a flexihle 

randOM network which is  elastic, can �e expanded, anrl is �ade 

i nsol uhle by introduction of cross-l i nks which interconnect the 

various hyrirocarhon chains. The extent of cross l i nkin� estah l ishes 

the mesh width of the matrix and, thus, the de9ree of swel l ina and 

the ion �oh i l i tfes within the resin .  Thi s, in turn, determines the 

ion exchange rates and the electric conductivi ty of the resin.  The 

cheMical , thermal , and radiation stah i l ity of the or9anic resins 

are l iMited compared wi th the zeol i tes and wi l l  be used after most 

of the radioactive ions have heen re�overl frOM the sol utions hy the 

zeol i te exchangers. 

S ince the mechani sm of the ion exchan�e process involves the stoichio­

metric exchan9e of ions between the exchanger and the solution 

wh i l e  electrical neutral i ty is maintained, the rate determining 

step is control led hy the interdiffusion of ions with i n  the fra�­

work of the ion-exchanger. Since the rate of ion exchange is  

deterMined hy  di ffusion processes, rate l aws are derived hy  apply-

i n� wel l -known di ffusion eouations to ion-exchange systems. How­

ever. COMPl ications arise from d i ffusion-inrluced electric forces, 

from selectively, speci fic interactions, and changes in swel l ing 

such that rate l aws are applicable for onl y a few l i�i ted cases. 

ExperiMental efforts have heen conducted at the Savannah River 

lahoratory to investigate the �inetics of cesium and strontiuM 

ion-exchange wf th the zeolf te exchanger. Ces iur.1 �•as a hsorhed so 

raoidly  that only rouoh estf�ates of the di ffusion paraMeter could 

he ohtained. The resulting eouation, usert to cal culate co1umn 

perfo�nce, did not involve �inetfc parareters hut was suftahle to 

descrfhe the eouflfhrium column hehavfor. 
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3.4 Resin Selection Criteria 
Technical information obtained from previous reactor use of various 
ion-exchange materials and the results of recent experiMental work 
with simulated and actual water samples from Three ftile Island were 
used to support the selection of specific ion exchange �terials 
for this processing system. The performance of an ion exchange 

system i s  controlled by the physical and cheRical properties of the 
exchange material as well as by the operating condi tions specified 

i n  Section 3.2.  The important criteria which were used in  the ion 
exchanger selection process included: 

(1} Exchange capac i ty 
(2} Swelling equilibrium 
(3)  Degree of crosslinking 
(4) Resin particle size 
(5)  tonic selectivity 
(6} Ion-exchange kinetics 
(7)  Che�ical anrt physical stabili ty 

Both the inorganic zeol i te and the organic resins satisfied the 
specifications necessa� to treat this contaminated water anrl hoth 
types have been used extensively for water decontamination at 
nuclear facilities. Zeolite exchangers are also used in the Idaho 
Chemical Processing Plant fuel storage basin  (Li n ,1973 ) .  Host of 
the gross heta activity at that site consists of Cs-137 and Sr-90 
which was released during the underwater cutting of spent fuel 
rods. Approximately 40,000 bed volumes of solution was processed 
before 5� breakthrough of Cs-137 occurs. In contrast.  only 200 
bed volumes of the Three llile I sland water are anticipated to �e 
processed hefore the first zeol i te bed is removed and replaced. 
Oepending on hreakthrough characteristics of the beds, a maximum of 
30,000 curies �an potentially be loaded on the zeoli te beds. The 
net effect of three zeolite heds in  series will result in  an i nsig­
ni ficant cesium outlet concentration (postulated OF greater than 
104) and only a sMall fraction of the strontium reachino the organic 
resins (postula ted OF greater than 100 ) .  
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Experimental studies with reactor coolant water have been conducted 
in order to support and v�rffy the selection of these ion-exchangers. 

The decontamination factors for the major contaminants were measured 
using a number of candidate ion exchangers including the organic 
resins, HCR-5 and SBR-OH, and the zeolite ION SIV IE-95. The 

results indicated the most favorable type of resins to be used in 
the cleanup process were the standard cation-anion resins in combi­
nation with the zeolite exchanger. 

3.5 Predicted Perfonmance of Ion-Exchangers 
The concentrations of radionuclides in samples of water from the 
containment building sump have been measured. Those stfll detect-. 

able in September 1979 included the isotopes 89Sr and 90Sr, 134Cs 

and 137cs, and 125Sb and the short-lived 95r!b, 103Ru, 140La, and 
131I. The expected performance of the zeolite and cation exchang­
ers for the cesium isotopes is equivalent to a �inimum OF of 3 x 
104. For the strontium isotopes, the minimum expected OF is 104 

wfth the cation resfn reducing the last traces with a DF of 102. 
Any antimony is expected to pass through the zeolite and cation 
exchangers and will end up as the predominant gamma emitter fn the 
solution entering the mixed-bed demineralizer. The concentration 
of 125Sb in the containment building sump sample is approximately 
0.012 microcuries per milliliter. Based on empirical data from 
field usage, a conservative 0/F of approximately 100 can be obtain­
ed with the mixed bed demfneralfzer. 

The zeolite and cation resins are not as effective for removal of 
the shortlived isotopes as they are for cesium and strontium. A 
combined OF between 10 and 100 can be expected. However, at the 

time of commencement of contaminated water processing, the short­
lived isotopes indicated above will be decayed to insignificant 
levels. 

3.6 ltonftoring of ron Exchanoers 
ltethods used to monitor the effectiveness of the ton exchangers 
include liquid sampling and fn-lfne radiation detectors. Lfqufd 
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samples of feed and effluent streams can also be used to establish 
the approximate curie loadings fn the discharged beds. The de­

tectors sampling the cation influent can provide gross activity 
indication to provide the necessa� protection for the cation beds. 
This influent concentration must be limited to control the stron­
tium loading on the organic resins where damage by radiation might 
occur. At a specified strontiu� breakthrough, the first zeolite 
bed of the SDS will be removed from the purification system and 
replaced with the second bed. Based on information obtained during 
the kinetic studies performed at the Savannah River laborato�. a 1� 
to 2� strontiu� breakthrough from the third zeolite bed will be 
equivalent to 180 to 200 bed volumes of processed wastes. 
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. .  

Chapter 4 

Suh�rged Oemineral i zer System Oesign Rasis 

4.1 Introduction 
The Submerged Oemineral izaton System (SDS) i s  an underwater i on-exchange 
system which has been specifically desi9ned to process higher-l evel waste 
waters•, with i nherent system features for re�ucing occupational and 
environmental exposures.  The SOS will b e  submerged in the spent fuel 
p�ol ( 1 )  to provide shielding dur i ng operation. (2) to penmit access to 
�he system during de�ineralizer changeout , (3) to minimize the hazard 
fr om potential accidents. and (4)to uti l ize an existing Seismic Catego� 
I facility. 

Design features incl ude: 
1 .  Arrangement of the zeol ite beds 3 t o  a series trai n ,  w�th 2 

trains i n  paral l el to achieve desired process flow rates and 
decontamination factors (OF's ) .  

2. Series operation logic that allows for sequencin9 the dem inerali­
zation units to prevent acti vity breakthrough in the final zeol ite 
bed and maxi�ize acti vity loadin9 on spent heds to accompl ish the 
best possible volume reducti on. 

The design objectives are as follows: 
a .  A totally i ntegrated system that is  a s  independent a s  possible from 

existing waste systems at the Three � i l e  Island plant . The SDS is a 
temporary system. 

b .  A system that would reduce the fission product concentrat ion and has 
optional capab ilities for removing che�ical conta�inants i n  the 
water to a level that would meet existing regulatory requi rements 
for release to the environment . 

c. A systen that could be operated with a minimum of exposure to per­
sonnel and a ne9l i9ihle risk to the puhl ic. 

d. .A syste� that could accompl ish the object ive l i sted above i n  a 
tfnely and cost effect ive r�nner. 

• HfQher-lcvcl waste waters are those conta�fnated waters having gross 
activity concentrations in excess of 100 uCf/ml. 
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4.2 Components of the SOS Waste Processing System 
The SDS fs comprised of the following components, all of which will be 

located in the Unit 2 A fuel pool, B fuel pool, or in the near vicinity 
of the B fuel pool. (See Figure 5.8, General layout Plan. ) 
1. Feed filtering system; 
2. Feed tank system - consisting of the existing tank farm, 

four 15,000 gallon tanks utilized as one 60,000 gallon tank; 
3.  Two parallel primary ion exchange trains, each comprised 

of three 10-cubic-foot vessels loaded with 7-cubic-feet of 
zeolite exchange media; 

4. Two parallel ion exchange beds containing organic cation 
resin for residual radionuclide removal; 

5. A monitoring and sampling system for control of 
demineralizer unit loading; 

6. A secondary containment system for the filters, zeolite and 
cation beds and radiation shielding for piping, valves, samples, 

and rronftors; 
7. A mixed-resin ion-exchange polishing bed for removal of 

trace fission products that are not trapped on th� primary 
or cation beds; 

8. Two monitoring tanks for collecting and sampling the treated 
water prior to transfer for storage or ultimate disposition; 

9. An off-gas system for treating and filtering gases and vent 
air from the system; 

10. Associated piping, valving, and structural supports required for 
placement of system components; 

11. Auxiliary systems including under water ion-exchange column storage, 
a column dewatering system, analytical equipment, and solidfficat1on 
capabfl ity; 

12. Optional - A standard 195-cubic-foot ion exchange bed for boron 
removal. 
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4.3 Submerged DeMi neral izer System Design Cri ter� 
� 3.1 Design Basis 

Regulatory guidance fol lowed during the design of the Submerged 
Deminera l i zation System was extracted from the fol lowing docu­

ments: 

U. S. Nuclear Regulatory Guide 1.140 dated March, 1978 

U. S. Nuclear Regulatory Guide 1.143, dated July, 1978 
U. S. Nuclear Regulatory ��ide 8.8, dated June, 1978, 
U. S. Nuclear Regul atory Guide 8.10, dated Hay, 1977, 
U. S. Regulatory Guide 1.21 Revi s ion 1, June 1974 

4.3.2 Process 

The design shal l provide for operation and maintenance in such 

a manner as to ��intain exposures to plant personnel to levels 

which are •as low as is  reasonably achievable", in accordance 
with Regulatory Guide 8.8. 

This system reduces the level of radioactivity i n  the radio­

active l i quid by the process of de�ineral i zation and fi ltration. 

4.3.3 Performance 

The isotopic inventory for the water to be processed is  

summari zed in  Table 1.1. The SOS system i s  designed and 
operated such as to reduce the avera�e isotopic specific  

activity of the treated waste streams to concentrations 
equivalent to level s normally  required for discharge into 

the environment. 

4.3.4 Capacity 

Flow Rate - 5 or 10 GPI1 (5 GPH per train ) .  The system wi l l  

have the abi l i ty to operate continuously subject to periodic 
maintenance shutdown, in-process effluent sample(s)  analysis 

and continous radiation monitoring. 
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4.3.5 Performance and Desian Reauirements 
The following system requirements have been incorporated into 

the design of the SDS. 
o leak Tightness 
o Shielding (Beta, Gamma) 
0 

0 

0 

Ventilation 

Functional Design and Maintainability 
Decontamination - Decommissioning 

4.3.6 Piping 
1. The mechanical and structural design criteria 

and fabrication of piping systems and piping 

components are specified in ANSI B31.i, 1977 
Edition with Addendum through \linter 1978. 

2. Piping design shall be based on a maximum of 150 
psi at 100°C. 

4.3.7 Vessels, Tanks and Columns 
1. The mechanical and structural design criteria 

and fabrication of vessels and tanks will be in 
accordance with the requirements of the AStlE 
Boiler and Pressure Vessel Code, Section VIII, 
Division 1, 1977, Addendum through \linter 78 

2. The vessels shall be of three types: 
a. Prima� ion-exchangers shall contain 

approximately seven (7 ) cubic feet zeo­
lite resin for the prima� purpose of 

removing cesium and strontium from the 
waste ,.,ater. 

b. Cation ion-exchangers shall contain strong 
acid organic cation resin to remove resid­
ual strontium. 

c. Filter units shall contain cartridge type 

filter assemblies or equivalent mechanis�s 
capable of removing particles greater than 
approximately 10 �icron. 
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3. Al l three types of ion-exchangers and fi lters 
shall be capab le of functioning submerged 
under twenty (20) feet of water within the 
spent fuel pool . 

4 .  The ion-exchangers shal l be designed for  5 GPU 
nominal process rate, f i lters shall b e  designed 
for 50 GPH nominal; volume velocity t hrough the 
resin bed shall be l imited to prevent channeli n g  

or breakthrough. 
5 .  Pressure loss through the ion-exchangers shal l 

not exceed 1 5  psi when operati ng at 5 GPH with 
clean resins. 

6. The exchangers shal l be equipped with a l i ft i ng 
arrangement compatible with the spent fuel pool 

crane mechanical connectors. 
7. The 10-cubic-foot vessels shall be equipped with 

al l requi red nozzles, including i nlet ,  out l et ,  
and vents .  

8 . The exchanger shall be equipped with al l in­
ternals required for distribut i on,  dewatering, 

and venting. 
9. Design Conditions 

a. The 10-cub ic-foot units shal l be designed to ope­
rate at a maximum of 150 psig at 100°C. The design 

conditions for continuous operaUon are 100 psi at 
100°F (37.7°C) .  

b .  The fol lowing additional design condit i ons have been 
imposed: 
• Overal l Height 
• Overal l Diameter 
• Uateria l s 
• Hef!]ht 
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24Js i nches 
Stainless Steel 
Uust have sufficient 
weight (negative bouyancy) 
to s i nk w i thout f i rst f i l l ­
ing w ith water. 



4.3.8 

4. 3.9 

10. Testino 

The vessels shall be hydrostatically tested at 11/2 
times the design pressure for a �inimum of thirty (30 )  
minutes. 

$hieldino Oesion 
The shielding shall be desi9ned to reduce levels re­
sultin9 from the SDS to less than 1 �R/hr, general area. 

Leakaoe 
To ensure that leakage fr� the suhmerged components does not 
introduce activity from the process streams into the pool 
water, these components will be contained within secondary 
containment enclosures from which pool water will be continu­
ously processed through a separate ion-exchanger. 

4.4 �ysteM Operational Concepts 

The following is a summary operation description intended to provide a 
basis for detailed design. 

The SDS process logic consists of the following basic steps: 
1. DeMineralization units will �e preloaded with new resins prior to 

placement in the system. The prinary trea�ent beds will utilize 
zeolite resin. The cation exchan�er beds will use standard organic 
resins. 

2 .  These preloaded demineralization units will b e  lowered into the Unit 
2 spent fuel pool. A polishing unit containing 195 cubic feet of 
resin will be connected at the outlet of the primary beds. 

3. Inlet/outlet/vent header connections will be made to the deminerali­
zation unit. The vent header connection wil l be routed back to a 
receiving tank. 

4. Hater will be introduced to fill and vent the demineralization unit. 
5. The demineralization systeM isolation valves will be opened and 

treatMent of the contaminated 1�aste strear.1 will begin at low flow 
rates unti1 systeM inte!lrity and acceptahle outlet "'ater quality are 
verified. 
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6. The flow rate to the demineralizer units will be increased on a 
gradual basis until the operational flow rate of approximately 5 

gallons per minute per train is attained. 
7. When the ion-exchange bed becomes depleted. the unit will be purged 

with processed water to ensure that radioactive waste water in the 
system piping is purged prior to disconnecting the quick disconnects 

on the demineralizer unit. 
a. The demfneralizer unit is dewatered prior to storage. 
9. The demineralization unit will be decoupled remotely via the use of 

quick disconnects and will be stored in the spent fuel pool or 
loaded directly into a cask. 
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Chapter 5 
System Oescription and Arranoement 

5.1 Oenineralizer System 
5.1.1 Influent \later Filtration 

A schematic il lustration of the waste water influent system is 
shown in Fig. 5.1. Waste water enters the SOS through a per­
manently installed pump having a capacity of 50 gpm, 100 psig 
waximum pressure. Ourfng routine operation of the system, 
water passes through two filters fn series before entering the 
four feedwater storage tanks, each having a capacity of 15,000 
gallons. The purpose of the filters is to filter out solids 

_
in 

the untreated water hefore it is processed. hy the ion exchan�ers. 
Both filters are cartridge �pe and are protected by perforated 
�tal screens. The design of the prefilter includes a 3/16 
inch roughing screen and 125 micron mesh screen. The final 
filter is designed for particle size removal of 10 Microns. 
Flow caoacity through each filter is 50 gpm. Reverse flow is 
prevented hy a check valve in the supply line. 

Each filter 'is housed in a containment enclosure to enable 
leakage detection and containment. The filters are submerged 
in the spent fuel pool for shielding considerations. Conta�f­
nated water is puMped through the filters anrl into the feed 
tanks on a batch basis. 

Influent waste water may be sampled from a shielded sample box 
located ahove the water level to determine the activity of con­
taminated water prior to and following filtration. 

Inlet, outlet, and vent connections on the filters are nade 
with quick release valve couplin9s which are renotely operated 
from the top of the pool. A �ama rtonftor, located adJacent 
to the filters, and inlet-outlet pressure gauges are provided 
to rronitor and control solids loadin9. load linfts for the 
filters are based on filter differential pressure and/or the 
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surface dose l imi t for the fil ter cask. A flush l i ne i s  
attached t o  the filter inlet t o  provide a source o f  water for 
flushing the fil ters prior to removal .  

5 . 1 .2 Feed Tank System 
Fol lowing fil tration, waste water i s  pumped di rectly into the 

four 15 ,000 gal .  storage tanks located in the tank farm (see 
Fig. 5 . 1 ) .  The tanks are equipped with a vent l ine connected 
to the off-gas treatment system. Water level in the tanks i s  
moni tored by level indicators. 

A prima� feed pump is submerged in a common well of the tank . 
system. This pump di scharges to the ion exchange system. 
Uechanical and electrical connections are designed for easy 

removal and rapid replacement of the pump should mal function 
occur during operation. The discharge of the pump flows 
through piping i n  a shielded enclosure at a rate of 5-15 gpm 
and is monitored remotely by a pressure instrument and a radi­
ation level monitor. 

5 . 1 . 3  Supply llanifol d 
A flow diagram of the supply manifol d and primary ion-exchange 

columns i s  shown i n  Fig. 5 .2 .  This system consists of s ix 
underwater columns (24 in.  x 54 i n. ) .  each containing seven 
cubic feet of Ion S i v  IE-95 zeo·l fte resin and two underwater 
columns containing organic cation resin.  �e six  zeol i te resin 
beds are divided into two trains each containing three resi n  
beds (A. B, C )  with piping and valves provided to operate 
ei ther trafn i ndividually or both trains in paral l e l .  

The effluent from the zeol i te beds flows through a cation 
exchange bed for removal of residual radfonuclides. An in-line 
radiation monitor measures the activ i ty level of the ,.,ater 
exiting the cation exchangers. The valve nanifold for control ­
l i ng the operation of the prima� ion exchange columns is 
located above the pool . inside a shi elded enclosure that con-



tains a built-in sump to collect leakage that might occur. Any 
such leakage is routed back to the feed tank well. A line con­

nects to the inlet of each primary exchanger to provide water 
for flushing the exchangers when they are loaded. loading of 

resin columns is detennined by analyzing the effluent from each 
exchanger through a sampling manifold. in conjunction with 

monitoring provided by a beta detection instrument. Uaste 
water flow is measured by instruments placed in the line to 

each ion-exchange train. 

5.1 .4  Leakaoe Detection and Processing 
Each submerged component is located inside a separate, special 
containment box that is f illed with water from the pool. The 

box is designed with a divider inside for storage of the flex­
ible hose connections to which the quick-disconnect couplings 
a ttach. Pool water from the containment boxes is con�inuously 
monitored to detect leakage and circulated by a pump through 
one of the two leakage containment ion-exchangers. Any leakage 

which occurs during routine connection and disconnection of the 
quick-disconnects will be captured by the containment boxes. 

diluted by pool water, and treated �y ion-exchange hefore 
being returned to the pool. 

5 . 1 . 5  Polishing Ion Exchangers 

An effluent polishing unit (Fig. 5 .3) provides final treatment 
of water after it passes through the cation exchanger. This 

unit consists of a 195 cubic foot mixed bed polishing deminera­
lizer and has provisions for utilizing a 1 0  cu. ft prefilter. 

The purpose of the polishing unit is to remove trace fission 
products that may be present in the water. The polishing unit 

is located above the pool water level and is shielded by a cask 
during operation. 

5 . 1 . 6  Honftoring Tank System 
Effluent from the polishing exchangers flows into one of two 
monitoring tanks ( Fig. 5 . 4 ) .  The purpose of the noni torfng 
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tank system i s  to collect treated water and al l ow sampl i ng 

prtor to transfer. Each moni tor tank ts  equipped wt th a spar­

ger and tank level 1ndtcators that wi l l  automatical ly shut the 

tnlet to the tank should a high level condi tion exist. \later 

i n  the moni toring tanks and can be transferred back for repro­

cessing or di rected for hold up and final disposition. 

5.1.7 Off-Gas and Ltguid Separation System 

An off-gas and l i quid separation system col lects gaseous and 

l i quid wastes resulting from the operation of the water treat­

ment system. The off-gas system is i l lustrated in Fig. 5.5. 
Inlet l i nes are connected to the feed tanks, monitoring tanks , 

ton exchangers, sampl ing mani fold ,  and main feed supply mani­

fol d .  Gaseous effluent is passed through a mi st eliminator in 

the off-gas separator tank before being treated by an electric 
off-gas heater. to remove residual vapors. Roughing fil ters, 

HEPA fi l ters, and charcoal fi lters, are provided for further 
tre�tment. Air i s  moved through the system by a centrifugal 

blower rated at 1000 cfm. The di scharge of this blower will be 
moni tored and routed to the existing ventil a tion system. A 

pressure control regulator controls venti l a tion system pressure 
autornatical ly. lloisture col lected by the off-gas system and 

waste returned. from the conti nuous radiation monitoring system 
i s  di rected into a separator tank. At the top of the tank a 

mist eliminator separates moisture from effluent gas returned 
to the off-gas treatment system. The tank is located in the 

surge pit and is covered with a concrete shield. The level i n  
the tank wi l l  be control l ed automatical ly wt th level indicators 

that activate a pump to return col lected water to the feed 
tanks. 

5 . 2  Sa�pl f nq and Radiation :�nitorfnq System 

The sampling mani fold is located fn a shielded enclosure to a l l ow  water 
samples to be taken for analysts of radtonuclides and other contanfnants 

(Fig.  5.6).  Samples may he taken of the effluent fran each of the zeo­

l i te resin beds and from the influent and effl uent of the cation ex-
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changer i n  service. The p i ping entering the ma n i fol d conta ins cyl i nders 
that pe�it drainin9 a predetermined amount of sample i nto a col l ection 

hottl e .  Cyl i nders are purged by posi tioning valves to permi t the water to 
flow throuoh them and return to a waste drain header and i nto the off-9as 

separator tank. A water l i ne connects to the i n l et of the sample cyl i nders 
to a l l ow  the l i ne to be flushed after a sample has been taken. The 

entire samol i ng ma n i fold i s  located in a double parti tioned glove box to 
mininize the poss i bl i ty of inadvertent leaka9e and spread o f  conta�i­

nation during routine opera tion. Prior to entering the samp l i ng man·i fol d ,  
a stream o f  water effluent from each resin bed can be selected to enable 
monitorinq for resin breakthrough. Thi s  monitoring system provides a 

continuous i ndication of the level of conta�ination i n  water exi ti n� each 

ion exchanger. The rad iation monitoring instrumentation i s  connected to 
an a l a �  systeM that annunci a tes i n  case of a leak or a breakthrou9h i n  
the resin beds . 

5.3 Ion-Exchanoer and Fil ter Vessel Transfer i n  the Fuel Storaoe Pool 

Prior to system oneration, ion exchanger and f i l ter vessels a re placed 

inside the contai nment boxes and connected with qui ck-di sconnect coup­
l i n!:js. Uhen i t  i s  determined that a vessel i s  l oaded with radioactive 

contaminants to predetermined l i m i ts ,  vessel coupl i ngs are removed with a 
mono-ra il l i fting device and a special tool for remote operation of the 

fittin9s. 

Vessel s are trans ferred using the existing fuel handl i ng crane that is 

fi tted �i th a yoke a ttached to a lono shaft (F i g .  5 . 7 ) .  The purpose o f  

this yoke-arm assembly i s  to prevent inadvertent l i fting o f  a resi n  bed 
to a hei9ht 9reater than eiQht feet below the surface of the water in the 

pool . This device i s  a safety tool that wi l l  mechanical ly prevent the 
poss i b i l i ty of accidental exposure of operatin9 rersonnel to a loaded 
exchanger or fil ter vessel . 

The ion-exchange vessels are arranged to provide series processing 

throuoh each of the heds ; the influent waste water is treated hy the bed 

in position "A", then hy the bed in position KR",  and fina l l y  by the �ed 
i n  pos i tion "C". 
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The first vessel in each train (position A) will load with radioactive 
contaminants first, then the next b10 vessels will be rroved up to the "A" 

and •s• positions respectively and an unused vessel put fn the •c• posi­
tion. The loaded vessel will then be stored until transfer to the cask. 

At no time during the operation of the system will a loaded vessel be 

taken out of the pool before it has been placed in a shipping cask. The 

shipping cask will be transferred from the pool with the overhead crane. 

5.4 Arrangel'!!!nt of the Hater Treatment System fn the Fuel Storage Pool 
Figure 5 . 8  illustrates the arrangment of the SDS in the fuel storage pool 
(viewed from above). The feed tanks and feed pump are located at the 
south end of the pool and are covered with concrete slabs. The filters, 

pri�� resin beds, and cation beds are located underwater in containMent 
enclosures. These enclosures and the exchangers are supported along one 

side of the pool on a structural steel rack that is attached to the edge. 
The rack acts· as a support for the system and also provides an operating 

platform from which the rerrote connections can be made. The off-gas 
system fs mounted on the wall near the cask pool and surge tank area. 

A dewatering station is iocated helow the water level fn the pool and is 
used for displacing the water from expended columns and filters and dry­
ing them prior to storage. An underwater storage rack, designed to 

handle 40 expended vessels is located on the west side of the pool . This 
capability allows processing to continue without interruption due to 

handling operations. 

5.5  Solidi fication Capability 
The capabfl i ty to solidify the spent resin ger·:rated by the operation of 
the SDS has been developed in the event that expended resin solidifica­
tion is required. This process involves fnsitu solidification of the 10 
cubic feet vessels utilizing mason� cement as the solidification agent 
to produce a solid homogeneous freestanding monolith. The solidification 
evolutions uould he performed inside a special shielded cubicle equipped 
with remote handling capabilities. To reduce personnel exposures the 10 
cubic feet vessels would remain in the shielded cask throu9hout the 
solidification and handling process. 
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Chapter 6 
Padfation Protection 

6 . 1  Ensuring Occupational Radiation Exposures are ALARA 
6 . 1 . 1  Pol i cy Considerations 

The objectives of the Radiological Control s Department 
are to i nsure that operations conducted i n  support of the 
on-going demi neral ization progra� are conducted i n  a 
radiological ly safe manner, and further, that operations 
associated with radiation exposure wil l  be approached 
from the standpoint of maintaining radiation exposure to 
levels that are as low as reasonably achievable. 

During the operational period of the system, the effective 
control of radiation exposure wi l l  be based on the fol lowing 
considerations: 

1 .  Sound engineering design of the facil i ties and 
equipl'lE!nt. 

2 .  The use o f  present radiation protection practices, 
including work task planning for the proper use of 
the appropriate equipment by qual i fied personnel . 

3. The assignment of radiological control supervisor, 
solely to this operational evolution. 

4. Strict adherence to the radiological controls pro­
cedures as developed for Titl -2. 

6 . 1 .2 Oesfan Considerations 
The SDS was specifically designed to maintain  exposure to 
operating personnel to as low as reasonahly achievable. 
To implement this concept the components carr,ying high 
level activity water will he provided wi th additional 
shiel ding or are submerged in the fuel spent pool . 
Shielding has been designed to l imi t whole body exposure 
rates in operating areas to approximately 1 �R/hr. In  
addition, components carrying hi9h level process fluids 
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have been designed for exhaust to the SDS off-gas system. 
This method of off-gas treatment will  minimize the potential 
for ai rborne releases i n  the work areas. 

The specific design features util ized in meeting this 
requi rement are discussed in detail in  Section 6 .2 . 1 .  

6 .1 .3  Operational Considerations 
The system design reflects the fol l owing operational 
ALARA considerations: 

1 .  Exposure of personnel servi cing a specific component 
on the SDS wil l  be reduced by providing shieldir.g 
beb1een the individual components that constitute 
substantial radiation sources to the receptor. 

2 .  The exposure of  personnel who operate valves on  the 
SDS wil l  be reduced through the use of reach rods. 

3 .  Control s for the SDS wil l  be located in  low radia­
tion zones. 

4. Airborne radioactive material concentrations wi l l  be 
minimized by routing the off-gas effluent from the 
SDS to the n,I ventilation system for further treat­
ment. 

5 .  The sampl ing stations for the feedstream and filters 
that contain high l evels of radioactive materials 
wi l l  be exhausted through the SDS ventilation system. 

6. The sampling manifold is. located in  a double parti­
tioned glove box to minimize the possibi l i ty of 
!nadvertent leakage and spread of contamination 
during routine operation. 

7. The SOS fs being fabricated with surfaces that are 
smooth, nonporous , and free of cracks, crevices, and 
sharp corners to the level that is practically 
a.:� fevable. This type of finish wi l l  minimize 
personnel exposures incurred in decontamination of 
the syst�. 



.. 

6.2  Radiation Protection Design Features 

6 . 2 . 1  Faci l i ty Des i gn Features 

The system i s  designed to take maximum advantage of station 
features al ready in place and operational in tenms of protec­

tion of the publ i c .  I n  addi tion, design features provided by 
the system offers are i ntended for the reduction of releases of 

radioactive material to the envi ronment. The fol l owing features 

provide for protection of i ndividuals from radiolo�ical hazards 
during normal operations from external exposure and unanticipat­

ed operational occurances, such ·as spil l s .  

1 .  The SDS prima� deminera l i zation units · are housed under 

approximately 20 feet of shielding water in the THI-2 

spent fuel pool . 
2 .  The entire process and al l equipment is  housed in  the 

Auxi l iary and Fuel Handl ing Bui ld ing which is a Seismic 

Catego� I structure with a i r  hand l i ng and ventilation 

systens designed to �i tigate the consequences of radio­

logical accidents. 
3 .  The system i s  designed i n  such a manner as to a l l ow zero 

discharge of l i quid effluents and operated such as to 

reduce the average isotopic speci fi c  activity of the 

treat� waste strea� to concentrations equivalent to 

levels nonnally requi red for di scharge into the envi ron­
ment. 

4 .  The off-gas system wi l l  be treated, fil tered and moni tored 

before i nput to existing ventil ation exhaust systems. 
5. Filters, prima� ion-exchange beds , cation beds, and their 

associated couplfn9s are contained fn  containment devices. 

Each containment device is connected to a pu�p Mani fold 
and a continuous flow of approxfNtely 10 GPH is  maintained 

through each containment. The combined flow from the ten 

(10) contain�nts {100 GPM tota l )  is  then processed throu�h 

a �fxe� bed resin col�n and then discharged back to the 
spent fuel pool . 
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6. Loaded demi neral i zer units wi l l  be placed i n  shiel d­

ed casks underwater to preclude exposure of the 

concentrated waste product to opera t i ng personnel . 

7. To the extent pos s i b l e  a l l -welded stai n l ess ste�l 

construction is speci fied to minimize the potential 
for leakage. 

8. Le
.
ad or equivalent sh iel d i ng i s  provided for pipes. 

valves. and vessels (except those l ocated under 

water) where necessa� for personnel protection. 
9. Design of a seauenced mu l ti -bed process - three (3)  

beds i n  seri�s t o  preclude breakthrough a n d  contami ­
nation of the outlet strea�. 

10. Feed f i l ter syst� i s  designed with appropriate 
pressure i ndicators. and i nlet.  outlet and v�nt 

connec tion are· made with remote operated-valve 
oui ck release coupl ings. 

6.2.2  Shiel d i ng 

The mi n imum shiel d i ng thickness requi red for rad i o l ogi cal 
protection has been designed to reduce l evels in occupied 

areas to less than 1 mR/hr. Opera t i ng panel s and i nstru­
mentation racks are l ocated away from po'i:ent f al. sources 

of rad i a t i on .  

A l l  movements o f  the demineral izer out o f  the fuel p�ol 

w i l l  be perfo� uti l i zi ng a s h i el ded transfer cask. 

6 . 2 . 3  �enti latfon 

The vent i l a t i on and off-gas system provided ta serv i ce 
the SDS i s  des igned to minimize gaseous releases. Among 

these design features are: 

1 .  AutOMa t i c  level control led off-gas separator tank 

wi th mist el iminator to receive vent connections 
from the feed tank system, nonitorfng tanks ,  pol i sh­
ing denf neral i zers, sa�ple boxes, a�d p i p i ng Manifol d .  

2 .  El ectri c  off-gas heater for maximuM charcoal bed 

e f f i c i ency. 
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3 .  Roughing filter wi th di fferential pressure indication. 
4. A HEPA fi l ter prior to the charcoal bed with di fferen­

tial pressure indication. 
5 .  A charcoal adsorber bed with temperature and di fferential 

pressure i ndication. 

6 .  A HEPA ffl ter after the charcoal bed with differential 

pressure i ndication.  

7. A centri fugal off-gas blower wi th flow indication. 

8. Sample ports for moni toring the system and DOP test 

ports for HEPA testing. 
g. The effluent of the SDS off-gas system wil l . be 

routed to the existing THI-2 ventilation system 

exhaust, which is f i l tered again  through HEPA and 

charcoal fil ters prior to di scharge from the plant. 

6 .2 .4  Area Radiation 11oni toring Instrumentation 

General area radiation moni tors have been provided for, 

which can be uti l i zed to alert personnel of i ncreasing 

radiation levels during normal operations or maintenance 

activities. 

6.3 Dose Assess�nt 

6 . 3 . 1  On-s ite Occupational Exposures 
Nomal Ooeration 

During the operation of the Submerged Deminera l i zation 
System, there are operations that i nvolve occupational 

exposures, but precautions have been taken in the design 

stage to minimize personnel exposures. Major operational 

activities involving such exposures are as fol lows: 

A. Feed :ank f i l l ing valve al ignment 

8. Feed samp l i �g operation in high radiation 
f i lter box 

c .  System start-up valve al ignment 

o. Effluent sampling operations 
E. System shut-down operation 

F .  Cask re�oval , decontamination and survey 

operations 

G. System mai ntenance 
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Oecommi ssioning 

The SDS detailed decommi ssioning plan is  being devel oped 

in conjunction with the operating procedures for the 

system. However, the modular design of the system is  

conducive to disassembly while �inimizing exposure to 

personnel .  

6 .3 .2  Off·s i te Radiolooical Exposures 

Sotn·ce Tems for Liquid Effluents 

liquid effluent from the system wi l l  be returned to 

station tankage for further disposition, therefore, no 

l iquid source te� is required for this report. 

This SDS i s  designed and operated to reduce the average 

i sotopic speci fic  activ i ty of each of the treated waste 

streams to concentrations equivalent to level s  normal ly 

required for discharge into the enviro�nt. 

Source Te� for Gaseous Effluents 

The plant vent system i s  the only off.gas stream carrying 

ai rborne radioactive material , therefore, the only paten· 

tial pathway for gaseous release. Radfonucl ides in the 

gaseous effluent arise from entrainment during transfer 

of contaminated water to various tanks, fi l ters , ion­

exchange units, and also from water sampl ing.  

Gaseous effluent source te�s were conservatively de· 

velop� hy assu�ing the system operated on the principle 

of evaporation. For thi s  reason an entrai�nt factor of 

10�6 is assuned from the l iquid to the vapor (Gray et 

al . ,  197!:', RliFP, 1976) .  I n  the case o f  evaporation by 

ba l l ing, a higher rate of release of radfonucl ides with 

off.gas vapors occurs than would be expected from routine 

ope rat fon of pumps, va 1 ves, and 11a ter trans fer. Therefore. 
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i t  i s  considered conservative to assune an entrainment 
factor of 10�6 for the solution-vent system durinp punp 
transfer of water. 

I t  shoul d  be noted that there are several vent systems 
which comprise the final off-gas stream, some of which 
have a lesser potential for contam i nation. However, 
agai n  for conservatism, i t  i s  assumed that the total 650 

cfm has been i n  contact with water i n  the containment, 
which at the time of this evaluation, contains the hi9h­
est speci fic activ i ty of radionucl ides. 

The level of contamination of water in the containment 
sump i s  l i sted i n  Table 6 . 1 .  These data are based on 
measured values reported in Chapter 1 of thi s  report. 
The pumping rate of water to the cleanup system i s  
assumed to b e  10 GPH (3.785 x 10+4 m l /mi n ) .  From the 
assumed entrainment factor the amount of radioactivity 
i ntroduced i nto the off-gas i s  (3 .785  x 10·2 >  ( f1 )Ci/Din 
where f1 is the activi ty of an i sotope per m l .  

For the SOS, a decontamination factor (OF) o f  100 i s  
assumed for the HEPA fi l ters and a decontamination factor 
of 40 is assumed for I-129 for the charcoal f i lters 
(Finney et al . 1977) .  An additional decontam i nation 
factor of 100 is  assumed for the existing filters at TI1I 
resul ting in a total OF of 10

4
• 

As an example, the calculation of the anount of CS-137 

in the effluent gas from the sns using the concentration 
in the l iquid given i n  Tabl e  6.1 is  shown below. 

10 opm x 3 . 785 x 103 ml/gal x 176 uCi/ml x 10·6 (entr. fact) • 

650 cfm x 2.8  ( 10
4 ml /cf x 100 (�F) 
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Each source te� i s  corrected for decay to a projected 

start-up date of October 1 ,  1980. The release of tri­

tiuM is calculated by assuming the a i r  discharged from 

the vent was saturated with water vapor at  80°F. At this 

temperature 650 ft3/min of ai r woul d  carry 500 gm of 

water vapor and correlates to 2.66 x 10-5 uCi/cc of the 

tritiuM isotope. 

No calculations l'fl!re Jllade for llb-95, La-140 and 1 -131 as 

the levels of these i sotopes wi l l  be i nconsequential by 

the time SDS operations start. 

Table 6.2 l ists the concentration of radionucl ide source 

te�s in the off-gas fol lowing treatment by the system 

and the existing effluent treatment system at  nu. 
Release rates for the various radionucl ides are also 

shown. As can been seen by Tabl e 6.2,  the conce�trations 

in the plant effluent are below detectable levels for al l 

isotopes except H-3. 

�lethodology 
The radiologi cal impact of the SOS is assessed by calcu­

lating radiation doses to indfviduals and populations 

l iving in the vicinity of the Three rti l e  Island lluclear 

Generating Station. Potential pathways for internal and 
external exposure to man from radionucl ides released to 

the atMosphere include i nhalation, i n�estion of conta�f­

nated foods, ingestion of contami nated \2ter, exposure 

frOM contaminated surfaces, and exposure from immersion 

in  the pl ume. 

Radiological impact is estimated using the methodology 

proposed in Regulatory Guide 1 . 109 (UStiRC , 1977 ) .  The 

dose fr�� a speci fied intake of a radionuclide to a 
reference organ i s  calculated over the remaining l i fetime 

of the individual . The exposed person is  assu�ed to be 
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an adult (20 years of age) at the tfme of intake who wil l  

l ive tu an age of 70 years. Thus, the accu�lated dose 

i s  cal culated by integrating the dose rate over a 50-yea r  

period, and the resul t  is  cal led the 50-year dose c�f 1 -

ment. 

For the purpose of calculating dose to the maximal ly ex­

posed individual and to the population from operation of 

the SDS, X/0 (sec/m3 ) val ues were tak�n from previously 

published data and updated to 1980. The data are calcu­

l a ted for a semi-elevated point of release i ncluding 

building wake effects.  The values for X/Q for each of . 

the sixteen sectors of the compass and downwind distance 

from the point of release are l isted i n  Table 6 . 3 .  

Radioactive particulates are removed from the atmosphere 

and deposi ted on the ground throu9h mechanisns of d� 

deposition and scavengi ng.  Dry deposi tion represents an 

i ntegrated deposi tion of radioactive materials  by process­

es of gravi tational se�tl ing adsorption, particle inter­

ception diffusion, and che�ical -electrostai c  effects and 

f s  calculated from the deposition velocity, Vd , for a 

one-year tiMe interva l .  Deposi tion veloci ty values for 

particles and reactive gases comnonly range from 0 . 1  to 

6.0 em/second (11oore et al . ,  1979). In this assessment a 

value of 1 . 0  em/second has been selected for calculation 

of ground concentrations of radioactive particulates 
89sr, 90sr, 125sb, 134cs, and 137cs. I t  is further 

assuned that radioiodine is released in oolecular form 

and that a deposi tion velocity of 1 . 0  em/sec i s  appl i­

cable to  1291 (lloore et  al , 1979 ) .  

Scavenging o f  radionuclides in the plune f s  the process 

through which rafn or snow washes out particles or dfs­

S ll ves gases and deposits th� on the ground or water 

�urfaces. tn this assess�ent, however, the effects of 

scavenging have not been incl uded based upon the �thodo­

lo9.}' proposed f n  Reoulato� r.ufde 1 . 111  lUStlac , 1!)76). 

6-9 

- �; --- -- --



Organ doses may vary considerably for internal exposure 

from i ngested or inhaled materia l s  because some radio­

nucl ides concentrate in certain organs of the body. This 

assessnent calculates the dose to four organs: total 

body. bone. thyroid. and G . I .  tract. 

Radiation doses to the i nternal organs of children fn the 

population vary from those received by an average adult 

because. of di fferences in  �etabo l i sm, or9an s ize. and 

diet. Di fferences be��een the organ doses of a chi l d  and 

those of an average adu l t  hy more than a factor of three 

would be unusual for al l pathways except the atmosphere-pas­

ture-cow-mil k  pathway ( 1291 )  (Sol dat, 1965). For this 

pathway the estimated dose to the thyroid of a one-year-old 

child  fr� radioiodine fn milk  is approximately five 

times the average adult.  S ince the contribution to total 

dose from 1291 is small in this study, age-dependency has 

not been incorporated into the cal culation of dose (Schkfen, 

1970) .  

Total dose commitments are cal culated for the specified 

anount of each isotope released during a one-year period 

of continuous release. Several conservative assumptions 

are made which tend to make dose commi �nts higher than 

what woul d actual ly occur. For example.  usage factors 

for the maximally exposed individual are taken from 

Requlatory Guide 1 . 109. Table E-5. It is also assuned 

tha� a l l  vegetables. both leafy and non-leafy, are grown 

at the point where dose is cal culated and that an fndf­

vfdual l ives outdoors at  the reference location 100: of 

the tine. Sf nce there are no releases via l iquid effluent 

t t  is assumed that the dose fron f n9estfo� of contantna­

ted water ts negl i9fble. Addi tional rleta i l s  regardfnq 

assunptlons nade and the �thodology used can be found in 

Regulatory Guide 1 . 109 . 
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Analysis  of  r1axim1J1'1 Individual nose 

The maximum dose to a hypothetical individual is calculated 

for the four organs and assunes 365 days of system operation. 

These esti�ted dose exposure levels are presented below. 

Bone 

Total Body 

Thyroid 

GI Tract 

4 .4  x 10-3 mrem 

3 . 6  x 10-3 mre��� 

3 . 6  x 10-3 mrem 

3 . 0  x 10-3 mre��� 

This dose exposure to the total body represents only 0.072% of 

the al l o,�ble dose exposure rec�nded in 10 CFR 50, Appendix 

1 ,  of 5 mrem. 

Table 6.4  l i sts the contribution of the various exposure 

pathways to the dose of each organ considered. In9estion o f  

contaminated foods is  the primary mode of exposure, contrihu­

ting so: of the dose to total hody, 83% to bone, 79% to thy­

roid, and 76% to Gl  tract. Inhalation is  the second most 

important pathway whi l e  external exposure contri�utes less 

than 1% to each organ. 

The contribution from each radionuc l i de to total dose is shown 

fn Table 6 . 5. Tritium is  the prirnar,y contributor to each 

organ, giving aprroximately 83: of the dose to total body and 

thyroid and 98: of the dose to GI tract. Other contributing 

radionucl ides are 90sr, 134cs, and 1 37
cs.  Strontium-89, 

anti�ny-125, and iodine-129 do not contribute si9nificantly 

to the dose to any organ. 

Even wit� the conserva tive assunptfons incorporated into this 

assessment it is evident that the estimated dose to the naximal­

ly exposed fndfvidual fs acceptable and ��ets recomnended 

cri teria for exposure to the puhl ic .  
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Analys i s  o f  Population Dose 

The estimated radiological exposure to the population from 

continuous operation of the SOS (365 days/year) i s  calculated 

using the methodology outl ined in  this  report section (6 .3)  as 

specified in Regulatory Guide 1 . 109. The population distri­

bution fs based on recent d�ographic data ( 1980) to a radious 

of 50 miles from the Till s ite. 

Calculations that have been perfo�ed are based on continuous 

operation (3GS days/year) of the SPS. Even though this conser· 

vatfve assumption was used, the population dose is cal culated 

to be 0. 12 man-rem. 
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Table 6 . 1  

Contamination Level o f  Hater i n  Containment 

(February. 1980) 

Isotope uCi/rnl 

Sr..S9 40. 

Sr-90 2 . 7  

Cs-134 40. 

Cs-137 176. 

Hb-95 .0021 

La-140 .036 

I-131 .012 

I-129 .000013 

Sb-125 .012 

H-3 1 . 03 



·. 

Radionuclide 

H-3 
Sr-8� 
Sr-90 
Cs-134 
Cs-137 
Sb-125 

I-129 

Table 6 . 2  
Source Terms for Gaseous Effluents 

(As of October 1 ,  1980) 

Concentration • Concentration ** 

I n  SOS Effluent In Plant Effluent 
uCi/cc uCi/i:.c 

. . . . . .  

2 . 62 x 10-4 1 . 68 x to-8 

3.70 x 10-12 2.38 x 1o-15  

5.55 x to-1 1  3 . 58 x to-15  

5 .62 x 1o-10 3.62 x to-14 

3.66 X 10-9 2 .34 X 10-lJ 

2.oo x 10-13 
1 . 29 X 1 0-l7 

2 . 80 x 1o-16  1 .81  x to-20 

• Based on 650 CFrt; 100 OF for SOS Fil ters 

Release 
Rate 

uCi/sec 

7.98 X 10-1 

1 . 13 x 10-8 

1 .70 X 10-J 

1 .12 ·x to-6 

1 . 1 1  X 10-5 

6 . 14  x to-10 

8.60 x to-1 3  

•• Based o n  Total Exhaust from the Plant of 100,650 CAl; O F  o f  100 from Existing 
Filters 
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Table 6 . 4  

Contribution o f  exposure pathways t o  the dose of specific organs o f  the 

maximal l y  exposed individual . 

Pathwa� of Exoosure Total Bod� 

External Expasurea � 1  

Ingestion o f  Contaminated 80 
Food 

I nhal a tfon 20 

Bone Thl::roid 
� . . .  

(t Contribution to dose) 

< 1  < 1  

83 79 

17 20 

GI Tract 

< 1  

76 

24 

a Incl udes exposure from contami nated ground surface and exposur! from immersion 

fn any plul"le. 
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Table 6 . 5  

Contrihution o f  spec i fi c  radionucl ides to the dose o f  oroans o f  the 

maxf�lly exposed individual . 

Radfonucl ide Total Bodi: Bone Thvrofd 

{S Contrihutfon to dose) 

3H 83 67 82 
arts,. < 1  ( 1 < 1  gos,. 7 24 7 
12ssb c 1 < 1  c 1  
1291 < 1  < 1  < 1  
134cs 8 3 8 
137cs 2 5 3 

-- - ��: ..-.- -- --- - - --
.. - - --- -

GI Tract 

98 

l 1 

d 
l 1 

< 1  

< 1  

� 1  
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Chapter 7 

Accident Analysi s  

Because of the inherent safety features of the Submerged Demfneral i zer 
Syst� and �ximum uti l i zation of existing s i te fac i l i ties. potential  

accidents which involve the release of radionucl fdes to the environment 

are af nfnized. Hypothetical accidents during system operation are 

proposed and evaluated i n  the fol lowing assessment. 

7.1  Inadvertent pumof na of contain�nt water i nto the scent fuel cool . 

Assumptions: 

The effluent l i ne from the final fil ter develops a leak and is not 

detected i�dfately. Conta�inated water f s  released i nto the pool 

at a rate of 30 gpm for a period of 15 minutes, (450 gal lons or 

1350 curies ) .  

I t  f s  assumed that the total activi ty i s  made up o f  Cesium, 250 Ci 

of Cs-134 and 1100 Cf of Cs-137 (based upon the measured concentra­

tions as reported in Chapter 1 ) .  Analysts of the accident also 
assunes unf �orm mfxin9 in 233,000 gal lons of pool water and resul ts 

in  pool water contamination levels of 1 .53 uCi/ml . 

Occupational Exposure Effects: 

The dose rate is calculated to an individual on the walkway at a 
po i nt six feet above the surface of the water usin9 equations for 

dn infinite slab source (Rockwel l ,  1956) and publ i shed rarlfonuclide 

decay data (USOHEW, 1970 ) .  The depth of water 1n the pool is 38 

feet. The calculated naxfmum exposure rate at six feet above the 

surface f s  430 mR/hr. 

Off-s fte Effects: 

Af �orne contanfnat1on releases as a resul t  of this  hypothetical 

accident are a saal l  fraction of the l fmfts speci fied I n  10 CFR zn • 

.\ppendh B. 
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No signi ficant increases i n  the s i te boundary exposure level is  

expected as  a result of  this hypothetical accident due to the spent 

fuel pool configuration and inherent shieldi ng properties of the 

pool side wal ls  and the distance to the s i te boundary. 

Conclusions: 

This hypothetical accident is evaluated under conservative assump­

tions. Furthenoore, this hypothetical accident has been performed 
under •worst case• condi tions such that any other occurence that 

may cause leakage to the spent fuel pool has ·bet!n conservatively 
bounder1. 

Al though the analysis of this hypotetical accir1ent provides resul ts 

that indicate radiation field of 430 mR/hr at  a level s ix feet 

ahove the pool surface, area radiation monitor alanns would indicate 

i ts presence. Personnel would be evacuated to ensure that occupation­

al exposures are ALARA. 

Off-site radiological consequences potential ly resulting from this  

hypothetical accident are i ns ignificant. 

7.2 Pipe rupture on fi l ter inlet l i ne (above water level) 
Assumotions: 

A pipe rupture occurs in the inlet l i ne to the fil ters �bove water 
level at the southeast corner of the pool .  The leak proceeds for 

fi fteen minutes before the pump is stopped. Contaminated water 

sprays from around the lead brick shielding.  A total of 75 9al lons 

of water is spread onto a surface area of 200 ft2 and 675 9al lons 

of contaminated water is drained into the poo l .  It i s  further 

assumed that the contaoinated water contains three Ci/gallon of 

activity, as Cs-134 and Cs-137 in the same concentration ratios 

that l"�ere assuned for the previous hypotetfcal accident. 

Occupational Exposure Effects: 
As a resul t  of this hypothetical accident, three signi ficant effects 

are postulated: 

7-2 
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1 .  The maximum gamma exposure rate a t  the surface o f  the contami­
nated floor area is esti�ted to be 10.8 R�/hr. 

· 2 .  The maximum beta exposure rate at a point three feet above the 
surface of the contaminated floor area is estimated to be 384 

Rad/hr. 
3 .  The exposure rate from the surface o f  the contaminated spent 

fuel pool waters, at a point six feet ahove the surface, would 
be approximately 650 mRem/hr. 

Off-site Effects: 
Airborne contamination releases at the site boundary as a resul t  of 
this hypothetical accident are below those l i�fts specified i n  10 

CFR 20, Appendix B. 

The increase of exposure rate at the site bounda�. as a resu l t  of 
this hypothetical accident, would not be signi ficant due to the 

shielding characteristics of the fuel bui l di ng wal l s  and the di s­
tance to the site boundary. 

Concl usions: 
Thi s hypothetical accident, and the consequences of it, pose no 
threat to the public health and safety or to the accumulation of 
occupational radiological exposure. 

Even though high surface conta�i nation levels exist at the floor 
area and the spent fuel pool waters are contaminated such that the 
total hody could be exposed to relatively high radiaiton l evel s ,  
area radiation monitors would alarm to indicate its presence. 
Personnel would be evacuated from the area to ensure that occupa­
tional exposures are l imi ted . 

7 . 3  Inadvertent l i ftina of prefi l ter ahove pool surface 
Assunptfons: 
It is assuned that due to a fail ure in the crane control system, 
the overhead crane noves toward the loading bay after pul l i ng one 
expended fil ter to the maximum height of eight feet below the pool 
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surface. As the crane moves toward the hay . the handl i ng tool hits 

the end of the pool and the filter is dragged from the water expos­

ing operating personnel . 

Analysis of the accident is perfonmed by using a point source 

approximation and calculating the exposure rate at a distance of 15  

feet from the filter. The calculated exposure rate i s  2 1  R/hr and 

is based on an esti�ated filter loadin9 of  1000 curies. 

Occupational Exposure Effects: 

As the filter assembly mears the surface of the spent fuel pool 

water area. radiation monitor alanms will  be sounded announcing the 

presence of high radiation fields. Personnel woul d  be evacuated 

from the area to ensure that occupational exposures are l imited. 

Off-site Effects: 

Airborne contamination as a result of this hypothetical accident 

would not occur since the particulate activity is fixed on the 

fil ter el ements which are contained within the fi l ter housing. 

The i ncrease in the radiation level at the s i te bounda� would not 

be significant due to the shielding characteristics of the fuel 

huilding wal ls and the distance to the site boundary. 

Conclusions: 

The publ i c  heal th and safety is not compromised as a consequence of 

this hypothetical accident. Occupational exposure levels are 

ALARA. 
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Chapter 8 
Conduct of Operations 

The SDS program for operations is divided into a phase-wise approach. 
These phases are: 

8.1  System Development 
System development activi tes are devoted to assuring that 

components are developed speci fically to meet the condi tions 
imposed at TI11 and perfonn in the intended manner. 

The ion-exchange process is a well understood process. Even 

though ion-exchange resins have been in use for approximately 
50 years or more, a development program was conducted at the 
Oak Ridge National Laboratory to ensure that the resins se­
lected for use at Trtl provided optimized performance characteris­
tics. This development program was conducted to enable the 
evaluation of the performance characteristics of various 
resins using samples of the 1�aters to be processed at mi. 

Additional development effort has been devoted to the veri­
fication that resin loading and dewatering can be accompl i shed 
in the intended manner and that the remote tools, necessary 
for the coupl ing and de-coupl ing of the resin beds , operates 
in the intended manner. 

8.2 System Preoperational Testing 
Prior to shipment each resin bed vessel wi l l  be hydrostati­
cally tested in conformance with the requi re�nts of appl i ­
cable portions o f  the AStlE Boller and Pressure Vessel Code. 
Upon completion of construction the entire system will he 
hydrostatical ly tested to assure leak-free operations. The 
system will be tested to an internal pressure of no less than 
1 . 5  times the design pressure. Pneumatic testing shal l be 
conrlucted at an internal pressure of no less than 1 . 1  times 
the design pressure. 

----- - ·--- --
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Individual component operabi l i ty wi l l  be assured during the 

preoperational testing. llotor/pump rotation w i l l  he verified, 

control schemes wi l l  be verified, system flow paths and flow 

rates wi l l  be verified. The leaka9e col lection sub-system, as 

well as the gas collection sub-system, wi l l  be tested to 

verify operabil i ty. Filters for the trea�nt of the col lect­

ed gaseous waste wi l l  be tested prior to i nitial  operation. 

System preoperational testing wi l l  be accomp l i shed in accor­

dance with approved procedures. 

8.3 System Operations 

System operations wi l l  be conducted in accordance wi th wri tten 
and apnroved procedures. These procedures w i l l  be appl ica�le 

to nornal system operations , emergency s ituations, and required 

maintenance evol utions. 

Prior to SOS operation, formal classroom i nstruction wi l l  be 
provided to systeMS operations personnel to ensure that ade­

quate knowledge i s  gained to enable safe and efficient opera­

tion. During system operations on-going operator evaluations 

wi l l  be conducted to ensure continuing safe and efficient 
system operation. 

In addition to the operating personnel , certai n  other indivi­

duals wfl l be directly involved in  the process i no program. 

Addi tional training wi l l  he provided to other personnel as 
requi red. 

8.4 System Decomnf ssionfng 

The decommissioning plan for SOS is  being develoned. An 
outline of the planned aporoach to decOMMfssfonfn9 is shown 

below. 

The basis for the deconMfssioning plan is that the Submerged 

Oenineraiizatfon Systen fs a teMpera� syste�; i ts i nstal la­

tion and reMoval wf l l  cause no pernanent plant changes. 
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