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Three Mile Island t-lJclear Station, Unlt 2 (TMI-2) 
�erating License No. OflR-73 

Docket No. 50-320 
Disposal of Processed Water 

Technical Specification 3.9.13 requires Nuclear Regulatory Commission approval 
prior to disposal or certain water stored at TMI-2. 

In our discussions with the Commission in Washington on January 14, 1986, the 
Commissioners expressed a desire to receive a recommendation on disposal or 
the stored water at TMI-2 by mid-year, rather than in early 1987 as previously 
planned. This letter provides our recommendation. 

We have evaluated possible disposal methods and have narrowed candidate 
methods down to three tecmically acceptable alternatives. They are as 
follows: 

1. Evaporation and burial of evaporator bottoms as commercial low-level 
waste 

2. Direct solidification and on-site burial per 10 CFR 20.302. 
3. Liquid discharge to the Susquehanna River 

Careful evaluation of these options resulted in selection of Option 1, 
evaporation of the water and commercial burial of the residue. A primary 
consideration in selecting this option was removal from the TMI site of the 
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small amol.Wlt of radioactivity remaining in the stored water. Thus, permanent 
resolution of the matter is achieved. However, selection of this option 
assuned approval or a request fer an additional burial ground waste volune 
allocation by the u.s. Department or Energy (DOE), as provided under the 
Low-Level Radioactive Waste Policy Amenanents Act or 1985. 

GPU Nuclear is requesting an additional volume allocation from the DOE 
concurrent with this submittal in anticipation or approval in principle of the 
rec01m1ended option. The support or the t-.RC in obtaining favorable DOE 
consideration or the additional allocation is solicited. 

GPU Nuclear has prepared an evaluation that assesses each of the options in 
terms or regulatory compliance, environmental effects, cost and schedule, 
waste generated and other relevant issue�. A copy of this evaluation is 
attached for your consideration in assessing the GPU Nuclear recommendation. 

GPU Nuclear requests t-.RC approval or the evaporation disposal option by 
Decenber 31, 1986, to permit timely irrplementation consistent with the current 
Recovery Program schedule. 

Per the requirements of 10 CfR 170, an application fee of $150.00 is enclosed. 

FRS/RBS/eml 
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Enclosed: GPU Nuclear Corp. Check No. 00025024 
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D ISPOSAL OF TMI-2 WATER 

Executive Summary 

An estimated 2. 1 mi l l ion gal l ons of processed nn-2 water wi l l  have 

accumulated by the end of the TMI-2 cl eanup program i n  1 988 which wi l l  requ i re 

disposition i n  accordance with Technical Spec i fication 3. 9. 1 3. Prior NRC 

approval of the method of disposition i s  requi red. Thi s report deal s 

speci fical l y  with disposition of that water. 

From the beg i nning, there has been wi despread agreement that thi s  water shoul d 

not be stored i ndefi n i tely on Three Mi l e  Island. Di sposal shoul d be 

accompl i shed i n  an agreed-upon manner, i n  conjunction with the end of the 

c l eanup program. Conti nued storage of the water at TMI poses a remote risk of 

i nadvertent release to the envi ronment. Control l ed di sposal of thi s water 

wi l l  el imi nate thi s risk and wi l l  be a major step toward completion of the 

TMI-2 c l eanup. 

Each of the di sposal options has technical merits and spec i al requi rements 

which must be met. The technical merits of the di sposal options and the i r  

potential envi ronmental impact were judged to be comparabl e and were not at 

i ssue i n  the selection process. However, the publ i c  perception that the water 

i s  uniquely hazardous because i t  i s  related to the 1 979 acci dent at THI-2 was 

a primary consideration. 

GPU Nuc l ear recognizes the pol i tical and publ i c  sens i ti vi ties of what i s ,  i n  

fact ,  a water di sposal dilemma : spec i fical l y ,  there i s  consensus that 

di sposal of the processed TMI-2 water must be accom�l ished safely but no 

consensus on how that shoul d be done. GPU Nuclear has approached thi s dilemma 

systematical l y ,  ful l y  cognizant of the varying concerns. The purpose of thi s 

report i s  to recommend a technical l y  feasible, safe water di sposal option and 

expl ain the choices that were consi dered. 

Thi s report i dentifies three technical l y  feasi ble, envi ro.unenta l l y  safe 

methods for disposing of the water. Each option wi l l  comply with applicable 

federal and state requi rements for protecti ng the publ i c  health and safety. 



The three options are 1 )  e1aporation and burial of the residue as commercial 

l ow-level waste , 2) direct solidification and burial f n  an on-site l and-fil l ,  

and 3) di l ution and discharge to the Susquehanna River. 

None of the options considered pose significant environmental effects and a l l  

would  meet, with considerabl e margin, a l l  regulato� require�nts. The 

average total additional radiation exposure to any individual in the public 

woul d be approximately the same as the exposure from one hour of natural 

background radiation in the Harrisburg Area ( i.e. , approximately 0.01 

mill irems based on 1 00 mil lirems per year) . However, al l three options woul d 

involve l ow-level releases of tritium and minute releases of cesium-1 37 .and 

strontium-90 to the environment. 

For the evaporation option, the tritium release rate would  be l ess than five 

percent of the federal l imit for continuous releases based on TMI-2 specific 

meteorol ogical conditions. For cesiuo and strontium, the release rate woul d 

be less than 1 . 5  percent of the al l owabl e continuous release rate. 

During sol idification, the tritium release rate would be approximately seven 

percent of the continuous release l imit. (NOTE: Solidification requires l ess 

time to complete than evaporation and, al though only hal f  of the tritium 

content would  be released during sol idification, the average tritium release 

rate will be higher. ) No atmospheric reledse of cesium and strontium would  

occur. I t  is assumed that smal l amounts of  the remaining radionucl ides woul d 

leach from the l and-fil l into a special l y  designed l eachate col l ection system. 

For discharge of the diluted water to the Susquehanna River, the radioisotopic 

concentrations at the nearest downstream drinking water point ( Brunner Island) 

woul d be less than six percent of the federal l imit. 

Description of the Processed TMI-2 Water 

Prior to final disposal , the TMI-2 water wil l have undergone processing 

through the Submerged Demineralizer ( SDS) and/or EPICOR I I  water purification 

systems. This processing reduces the average radionucl ide concentrations with 

a concomitant reduction in the potential environmental effects. 



The average characteristics of the processed water wf l l  be as presented f n  

Table 1 .  

TABLE 1 

PRE-DISPOSITION PROCESSED TMI-2 WATER CHARACTERISTICS 
(Based on processing 4� of the total volume) 

Volume �2,100,000 Gallons 

Trftfum: Concentration 1 . 3E-1 uCi /ml 
Total 1 020 Ci 

Cs-1 37 : Concentration 3. 7E-5 uCi /ml 
Total 0.29 Cf 

Sr-90: Concentration 1 . 1 5£-4 uCi .ml 
Total 0. 9 Ci 

Boron : Concentration 3000 ppm 
Total 1 50 Tons H3B04 

Sodium: Concentration 700 ppm 
Total 1 1  Tons NaOH 

These radionuclide characteristics are representative of the expected influent 

feed to the evaporator and are based on an assumed requirement to process 

approximately 40 percent of the water prior to evaporation. For the other 

options ( i . e. , solidification or discharge to the river) ,  1 00 percent of the 

water woul d be processed prior to disposal and the remaining total activity of 

strontium 90 and cesium 1 37 would be lower: 0.08 curies and 0.03 curies, 

respectivel y. For these options, other radionucl ides are expected to be near 

or below l ower l imits of detection. While tritium ( 1 ,020 curfes) f s  the 

dominant radionucl ide in the THI-2 water fn terms of quantity , the most 

radiological l y  significant radionuclide is strontium 90. That is because 

strontium tends to concentrate in bone marrow and gives a l arger, though 

insignificant in this context, dose compared to the whole boqy dose from 

tritium. In addition to the radioisc:�pic content described above, the water 

will contain approximately 1 50 tons of boric acid and 1 1  tons of sodium 

hydroxide. 



Evaluations of Disposal Options 

The disposal options have been evaluated by the THI-2 staff on the basis of 

rel ative technical feasibil ity, envi ronmental effect, costs, waste generated 

and the time required to accomplish. The off-site environmental effects are 

comparable and wel l  below the regulatory l imits, even for the conservative 

(over-estimated) assumptions applied i n  accordance with 10 CFR 50, 

Appendix I. The total dose to the hypothetical maximally exposed i ndivi dual 

woul d range from 0.4 to 4 mil l f rems bone dose and 0.6 to 2 mill irems whol e 

body dose, depending on the disposal option select�d. 

Reflecting more likely conditions. the average total dose wou l d  range from 

0. 002 to 0.02 mf l l irems to the bone and 0. 003 to 0.01 mil l i rems total body, 

depending on the option selected. 

The key characteristics associ.ated with each option are: 

1 .  Evaporation - Processing and evaporation of the water will be by an 

instal led evaporation facility. Shipment and disposal of solidi fied 

resi dues at a l icensed, commercial l ow-level waste di sposal site will 

foll ow. Evaporation would require a supplemental disposal al l ocation 

from the U.S.  Department of Energy to bury the residues at a commercial 

l ow-level waste burial ground. Al l of the tritium content (1 ,020 curies) 

woul d be released to the atmosphere and di spersed without significant 

envi ronmental effect. This option woul d take approximately 

two-and-a-hal f years to complete and a total estimated cost of $6 to $14 

million, depending on the vol ume of waste residues produced. 

2. Solidification - Processing and solidification of the water in cement 

will be fol lowed by burial i n  an on-site industrial l a nd-fil l .  This 

option woul d require a finding by the NRC that the radi oactive content of 

the solidified material i s  below regul atory concern per 1 0  CFR 20. 302. 

lfl addition, a l and-fill permit wi l l  be required from the Pennsyl vania 

Department of Environmental Resources. This process would involve the 

release of an estimated 50: o f  the tri tium to the atmosphere. The option 

woul d take approximately one year to complete at a total estimated cost 

of $5.6 mil l i on • 

....._ __________________ _  � -- -- --�-



3. Ri ver Di scharge - Processing and control led, moni tored di scharge to the 

Susquehanna Ri ver woul d resul t i n  signi ficant dil ution of the processed 

water with non-accident water ( i . e. ,  at the pl ant and i n  the river by a 

factor of 220,000 times) and ul timate di spersal with no significant 

environmental effect. In addition to NRC approval , the di scharge wi l l  

requi re notification of the Pennsyl vania Department of Envi ronmental 

Resources ( DER ) .  Thi s option presen�s the potential for the strongest 

publ i c  and insti tutional reaction. It woul d take approximate l y  one year 

to complete at a total estimated cost of $2. 6  mi l l ion. 

On the basis of overal l technical merit,  anal ysis indicates that the 

control l ed di scharge of the processed, dil uted water to the Susquehanna Ri ver 

i s  the simplest, least costly option and invol ves insigni ficant envi ronmental 

impact, as do the competing options. However, GPU Nuclear has opted not to 

recommend di scharge to the ri ver i n  recogni tion of an existing publ i c  

perception that uni que health ri sks are associated with thi s  di sposal option. 

After considering the technical merits �f each option, as well as publ i c ,  

insti tuti onal and pol i tical concerns,  GPU Nucl ear has selected evaporation as 

the preferred option for di sposal of TMI-2 water. Evaporation, including 

sol i di fication and shipment of evaporator residue to a low-l evel waste burial 

ground, wi l l  remove the sma l l amount of remaining radioactivity from THI. 

Successful implementation of thi s recommendation requires approval of an 

additional waste di sposal al l ocation. 

There i s  a common objective -- safe di sposal of the processed water. Our 

recommended di sposal method i s  technical l y  feasible and envi ronmental l y  safe. 

It should be found acceptabl e by the NRC, the publ ic and other government 

agencies. 

Thi s  report is submitted to provide the HRC with the GPU Nuclear 

recommendation concerning di sposal of the THI-2 water in accordance with 

Technical Spec i fication 3 . 9. 1 3  and to seek NRC approval by the end of 1 986. 

Timel y initi ation of water di sposal i s  i n  the common i nterest. 
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1 . 0  PURPOSE, BACKGROUNU, ORGANIZATION 

1 . 1  Purpose 

Technical Spec i fi cation 3. 9. 1 3  requires NRC approval prior to disposal of 

certain waters stored at TH I -2. A major goal of the TH I -2 cleanup program 

i s  to completely and effectively disposition the approximately 2 . 1  mi l l ion 

gal l ons of thi s processed water which is contai ned within the confi nes of 

TH I -2 and associated storage tanks. The purpose of thi s  report is to 

evaluate the three options which have been identified for di sposing of 

processed water. The three options are eval uated with respect to 

envi ronmental impact, economi cs and schedul e ,  and public reaction. The 

l ater i s  the most difficul t to predi ct,  and i nvolves subjective rather than 

objec tive considerations. The three options have been eval uated on the 

basi s of rel ative technical feasi bi lity, envi ronmental effects , costs, 

waste generated, and time required to accompl i sh. The three options 

eval uated in thi s report are: 

1 .  Evaporation with off-site disposal of the generated waste ; 

2. Di rect solidifi cation for on-si te disposal ; and 

3. Control l ed discharge to the Susquehanna River. 

For purposes of conducting thi s eval uation of the ul timate disposi tion 

options for processed water, several assumptions have been defined. The 

assumptions consi dered are the fol lowing: 

1 .  The Tt-11-2 c 1 eanup endpoint is defined as September 30, 1 988. 

2. A total of approximatel y  2,1 00, 000 gallons of processed water is 

estimated to requi re di sposition under this evaluation. 

3. Any new water generated after the recovery endpoint wil l not be 

considered processed water and therefore i ts di sposal would not 

be within the scope of thi s report. 

4. Radioactive waste di sposal all ocations provided by the 1 985 

Amendment to the Low-Level Waste Pol i cy Act of 1 980 are the only 

commerc i al disposal a l l ocations availabl e to TH I -2 until 1 993. 



Addi ti onal (or special ) al l ocations or non-commercial radioactive 

waste di sposal may be requi red to implement the evaporation 

option. 

1 • 2 Background 

1 .  2 . 1  lancaster Agreement 

The disposition of the processed water recei ved publ i c  and regul atory 

attention shortly after the March 28, 1 979 accident. The Settlement 

Agreement with the Ci ty of lancaster ( Lancaster Agreement) was entered on 

February 27, 1 980, as the settl ement of the case of the Ci ty of lancaster 

versus U.S.  Nuclear Regulatory Commi ssion (NRC) held before the U . S. 

District Court for the District of Columbi a .  The lancaster Agreement 

def1ned acci dent generated water and prohibi ted the di scharge of accident 

generated water i nto the Susquehanna River until the NRC completed i ts 

Programmatic lnvi ronmental Impact Statement ( PElS,  Reference 1 )  or until 

the URC compl eted such other envi rorwental review regarding the di scharge 

of acci dent generated water i nto the Susquehanna Ri ver. 

Defi ni tion of Acci dent Generated Water. Accident generated water 

( hereinafter known as processed water) has been defined i n  the lancaster 

Agreement a s :  

o Water that existed i n  the THI-2 auxi l i ary, fuel handl i ng, and 

containment bui l d i ngs i ncluding the primary system as of October 1 6 ,  

1 979, with the exception of water which as a resul t of decontami nation 

operations becomes commi ngled with non-accident generated water such 

that the commingled water has a tritium content of . 025 uCi�l or less 

before processing; 

o Water that has a total acti vi ty of greater than one uCi /ml prior to 

�rocessing except where such water i s  ori ginally non-accident water 

and becODes contami nated by use i n  cl eanup; 

o Water that contains greater than 0. 025 uCi /ml of tritium before 

processing. 
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PEIS. The final PElS ( Reference 1 )  was i ssued by the NRC in Marc h ,  1981 . 

The PE lS addressed the envi ronmental impact from the deconta�i nation of 

n� I-2 and the di sposal of radioactive wastes resulting from the c l eanup of 

TIH-2. The tlRC also evaluated, i n  the PElS, various options for the 

di sposal of the processed water, but deferred a decision on the ulti mate 

di sposal methoo. The NRC pol i cy statement, accompanying the PElS, stated 

that tlRC approval of the di sposal method i s  reserved for the NRC 

c011111i ssi oners tnemselves. 

1 . 2. 2  TMl-2 License and Tecr�nical Speci fications 

Several NRC Orders and Amendments to the TM I -2 License (Fac i l ity Operati ng 

Li cense tlo. UPR-73) have been i ssued relating to the processing and 

di scharging of the processed water. In the October 1 8 ,  1 979, Order for 

Modi fication of License, the NRC authorized operation of the EP�COR I I  

system for processing of the processed water. In the Order of February 1 1 ,  

1 980 , the NRC i ssued new Proposed Technical Speci fications ( PTS) which 

incl uded Technical Speci fication 3. 9. 1 3  which p rohibited the discharge of 

water processed by the EPICOR 11 system unti l approved by the NRC, and 

Technical Speci fication 3. 9 . 1 4  which prohibited the processing and 

diScharging of water i n  the reactor bui l d i ng su1:1p and the reactor coolant 

system until approved by the NRC. In the Order of June 1 8 ,  1 981 , the NRC 

authori zed the processing of contaminated water, i nc l uding the water i n  the 

reactor bui l d i ng sump and i n  the reactor coolant system, using the 

Submerged Oeminera l i zer System (SOS) with effl uent pol i shing by the EPICOR 

I I  system, i f  necessary. The Amendment of Order of January 7, 1 985, 

co111bined Technicdl Speci flcations 3.� . 1 J  ana 3. 9. 1 4  i nto one techn1cal 

spec i fi cation and defined accident generated water to be consi stent with 

tile Lancctster Agreement. Technical Spec i fication 3. 9. 1 3, as revi sed i n  the 

January 7, 1 9�5. Amendment of Order reads as fol l ows: 

T.S.  3 . 9. 13. Di scharge of acci dent generated water shal l be 

prohibited unti l approved by the NRC. Acci dent generated water shall 

be di scharged i n  accordance with procedures approved pursuant to 

Speci fication 6. 8. 2. 
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Adherence to Technical Spec i fi cation 3. 9 . 1 3  ensures that: 

1 .  The method of di sposal for the accident generated water wi l l  be 

approved by the NRC since the PE lS i ssued i n  Harch, 1 981 , 

deferred a dec i sion on the ultimate di sposal of the accident 

generated water, and 

2. The governi ng procedures i ssued by GPU Nuclear, to impl ement the 

selected di sposal method, wi l l  be approved by the NRC prior to 

thei r impl ementation. These procedures wi l l  contain the 

necessary controls  to sati sfy the applicable regul ations. 

On January 27, 1 986, the NRC amended the ntl-2 license ( Faci l i ty Operating 

License No. OPR-73) to i ncorporate the PTS as Appendix A to the TMl-2 

license. 

1 . 3  Organization 

Section 2 describes the current and projected volume of the processed water 

and the radioi sotopic and chemical consti tutents i n  the processed water. 

Section 3 presents the applicable federal and state regul ations that woul d 

be imposed on the di sposal of the processed water. 

Section 4 presents the evaluation of the evaporation option which resul ts 

in control l ed ai rborne releases and the sol idi fication and off-si te 

di sposal of the generated waste. 

Section 5 presents the evaluation of the sol idi fication option which 

resul ts in control l ed ai rborne releases, potential l i quid releases, and the 

di sposal of the sol idi fied p rocessed water on-si te· . 

Section 6 presents the evaluation of the di scharge-to-ri ver option which 

results in the control l ed release of the processed water i nto the 

Susquehanna ki ver. 
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Section 7 presents the safety evaluation to assess whether the di sposal of 

the processed water i s  an unreviewed safety question as defined i n  1 0  CFR 

50.59. 

Section 8 summarizes the evaluation presented i n  Sections 4, 5. and 6 and 

compares the options. In thi s section the recommended option and the basis 

used to detennine the recommended option are given. 

Section 9 l i sts the references used in this report. 
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2.0  STATUS OF PROCESSED WATER 

2. 1 Inventory 

2. 1 . 1  Water Inventory 

The nti-2 accident resul ted i n  the production of l a rge vol umes of 

contaminated water. which became known as •acci dent generated water" 

( hereinafter known as processed water) ( see defi ni tion in Section 1 . 2 ) .  

Through mid-1 981 . when the SDS began operation to process water contained 

in the reactor bui l ding sump. approximately 1 . 3  mi l l ion gallons of 
processed water exi sted at TH I-2. Of this vol ume. about 640.000 gal l ons 

was contai ned i n  the reactor bui l di ng sump. Di rect release from the 

reactor coolant system contri buted 69\ of the sump water. another 28\ was 

river water i n troduced via leaks i n  reactor bui lding a i r  coolers. and the 

remaining 3: was added via the containment spray system during the f i rst 

several hours of the accident. Subsequent to 1 981 . most of thi s water was 

processed by both SOS and EPICOR I I  to reduce radi onucl ide l evels to very 

low concentrations. 

In addition. approximately 570. 000 gal l ons of water exi sted in auxi l i ary 

fuel handl i ng bui l ding tanks. most of which had been processed by EP ICOR I I  
by mid-1 9bl . The reactor coolant system contained an additional 96, 000 

gal l ons of water which also requi red processing by both SDS and EPICOR I I .  

Si nce 1 981 , the total i nventory of processed water has increased to 

approximately 1 . 9  mi l l i on gal lons due to conti nued i nl eakage from support 

systems and condensation from the reactor bui l di ng a i r  coolers during 

summer months. GPU has exerci sed considerable care to minimize the 

inl eakage of new water. and to ensure that commi ngl i ng of non-contaminated 

water with the processed water i s  restricted. thereby minimizi ng· the total 

vol� of water requi ring disposal .  Processed water requi res treatment by 

SDS and/or EPICOR I I  to reduce the radionuc l i de concentraton pri or to 

storage or ul timate di sposi tion. 
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Current Volumes - January 1 986 

Table 2-1 presents a summary of processed water i nventori e$ i n  each 

avai lable THI-2 storage l ocation. Inventories at f i ve ( 5 )  di fferent dates 

were compared i n  order to assess the net accumulation rate for projections 

to the end of the recovery program. The water vol umes i ndi cated for 

Jonuary 1 986, are defi ned as the base l i ne processed water status for 

purposes of thi s  document. Waste from the concentrated waste sto rage tank 

wi l l  not be consi dered for evaluation of di sposi tion options si nce thi s  

material wi l l  be sol i d i f i ed di rectl y for di sposal as radioactive waste. 

From the data presented i n  Table 2-1 , an upper bound of new water i nl eakage 

to THI -2 has been approximately 0. 1 1  gpm. In the past, much of thi s 

inleakage has origi nated from reactor bui l d i ng chi l l er condensation during 

summer months. Acti ons taken to reduce thi s i nl eakage source have been 

successful , therefore, the projected i nl eakage over the next several years 

should be l ess than the i n 1 eakage experienced i n  the past. To be 

conservative, however ,  an i n 1 eakage rate of 0. 1 1  gpm has been assumed to 

exi st from January 1 986 to October 1 988, the defi ned recovery endpoint. 

Projected Vol umes - October 1 988 

Using the total i nventory on hand i n  January 1 986, and projected 

accumulation rate of 0. 1 1  gpm, it i s  esti mated that approxi matel y 2,1 00, 000 

gallons of processed water requi ri ng di sposition wi l l  be avai lable at the 

end of the �covery period. This quantity represents approximately 85\ of 

the storage capacity avai lable for processed water. Al l future evaluations 

of di sposition options wi l l  consider thi s quantity as the basel i ne quantity. 

2. 1 .  2 Tri tium Inventory 

The !JUS esti mated 2 , 91 0  curies of l lqui d tritiur:t present i n  THI-2, decay 

corrected to September 30, 1 98U. Tri tium is natural l y  removed by 
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radioac ti ve decay ( 1 2 . 3  year hal f -l i fe )  and by evaporation l osses. 

Therefore, decay corrected to March 1 97�. the PElS esti mate would yield a 

tri ti um i nventory of 3, 180 curies at the time of the accident. 

An approximate reconc i l i ation of tri tium present in January 1 986, and 

referenced back to March 1 979, i s  presented in Table 2-2. Measured 

evaporation releases from the station vent, decay corrected to March 1 979, 

total approximately 1 , 433 curies. When added to the i nventory of tri t i um 

i n  January 1 986, the total tri ti um which can be accounted for, decay 

corrected to March 1 979, i s  approximately 3 , 1 60 curies. This estimate 

compares very favorably to the decay corrected PElS estimate of 3 , 1 80 

curies. 

Hi stori cal ly,  the average yearl y l i qu i d  tri tium di scharge from PWRs in the 

u.s., as reported i n  Reference 2, has ranged from a high of 3,4�2 curies i n  

1 970 to a low o f  297 curies i n  1 9ti0. Indivi dual l y ,  the hi ghest yearly 

di scharge of tri ti um was from 7 , 400 curies to a l ow  of 0.0 curies. 

Envi ronmental l y ,  the background tri tium concentrations in the Susquehanna 

River average approximately 1 . 5E-7 uCi /ml ( 1 50 pCi /1 ) . This background 

tritium concentration can be transl ated to a curi es-per-year flow past THI 

under various river condi tions. The hi storical average flow of the 

Susquehanna River (measured at York Haven) i s  34,<1 0 cubi c feet per 

second. Thi s  translates to 4,650 curies of background tri tium flowing past 

Tl-11 during an average year. The 1 , 021 curies of tri t i um i n  the processed 

water (decayed to 1 0/01/88) represents approximately 24\ of the total 

curies of background tritium that flow past THl i n  an average year. 

2 . 2  Radfonucl i de Acti vity 

Current 

Rddionuclide analysis for each source of processed water as of late 1 985 or 

early 1 98� are presented i n  Tabl es 2-3 and 2-4. The actual sample dates 
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TABLE 2-2 

TRITIUM RECONCILIATION 

Trf tf um Released From 

TM I-2 Vents 

Curfes 
Curies Decay 
Corrected 

Period Released To March 1 979 ----

1 979, 4Q 0.0 o.o 

1 980, l Q  699 734. 6 
2Q 247.0 263. 25 
3Q 9.43 1 0. 1 9  
4Q 7 . 29 7.99 

1 981 , l Q  32. 9 36. 58 
2Q 7 . 82 8.82 
3Q 7 . 45 8. 52 
4Q 1 7. 4  20. 1 8  

1 982, 1 Q 46. 4 54. 58 
2Q 1 1 . 2  1 3. 36 
3Q 30. 3 36.66 
4Q 23. 9 29.33 

1 983, 1 Q 1 5. 5  1 9. 29 
2Q 1 7. 9  22. 59 
3Q 7. 9 1 0. 1 1  
4Q 7 . 39 9. 59 

�984, l Q  5. 0 6. 58 
2Q 2. 04 2. 72 
3Q 4 . 94 6.69 
4Q 2 . 33 3. 20 

1 985, 1 Q 1 .  79 2.49 
2Q 2.81 3. 97 
3Q 2. 91 4. 1 7  
4Q 1 2. 3  1 7. 87 

Total Rel eased ( Corrected to 3/79) 1 , 433. 3 

1 /1 /86 Total ( Corrected to 3/79) 1 ,  728. 5 

Total Existing Plus Released ( Corrected to 3/79) 3,161 . 8  
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are i ndicated i n  the tabl es. Measured concentration values for a l l  

radionucl i des with positive {i .e. , greater than LLD) values are p resented 

i n  Tabl e 2-3, whi l e  Table 2-4 presents the total acti v i ty present i n  each 

source volume. The data f n  these two tables represent the actual l i quid 

source tenns present at lMI-2 in March 1 986 , approximately 7 years after 

the accident. 

Reprocessi ng Considerations 

Prfor to ul timate di sposi tion, i t  is l i kely that a considerabl e percentage 

of the processed water at TM I-2 wi l l  requi re processing to minimi ze 

radioactive contami nants. The major purpose for thi s processing 

( reprocessing for some of the water) is to further reduce the radionucl ide 

level s ,  there�y minimizing the total release of acti vity to the 

environment. Of particular concern i s  the need to reduce the total 

quantity of Sr-90 present i n  processed water. The reprocessing acti vities 

to reduce total Sr-90 acti vity has been detenni ned to be desirable to 

mi nimize the envi ronmental consequences of several disposition options and 

to enhance GPU ' s  abi l i ty to obtain NRC approval per 1� CFR 20. 302 for 

potential on-site di sposal of d i rect sol idi fication. 

The volume of water requi ring processing prior to ultimate disposition i s  

dependent upon the final method selected by GPUN for di sposal o f  processed 

water. For the river di scharge and df rect sol i di fication options , 

essenti ally a l l  of the water wi l l  requi re i ni tial processing, or 

reprocessing, through SDS and EPICOR I I  prior to disposition. For the 

evaporation option, because of the concentrating effects of the evaporator, 

only an estimated 3� of the total volume wi l l  requi re SDS and/or EPICOR I I  

processing before evaporation to reduce the acti vity levels i nfl uent to the 

evaporator. Additional water processing may be performed as needed. 

Projected 

To develop projected l i qu i d  processed water source terms at the end of the 

recovery ( i .e. , 1 0/01 /88 ) ,  the current source terms i n  Table 2-3 were 

adjusted as fol l ows. 
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TABLE 2-3 

T M I-2 PROCESSED WATER SOURCE TERMS 

• • • ACTUAL SOURCf TERMS • • • RADKHJCLIDE COOCENTRA T I� 

va.UME SANPlE H-3 Sr-90 Cs-137 Cs-134 Sb-125 Co-60 
STORAGE OESCRIPTI� GAL L�S DATE a.�C•Im1 11C1/ml 11C1/m1 J,JCI/ml IIC•Iml 11C•/ml 

-------- ______ , _______________ -- ------ ------·--- ------ -·--·-- ------- ·--------- --·------ - ---------

RCS REACTOR COQ.AHT SYSTEM 67,286 3/7/66 .. 1.20£�1 1.60h00 2 60£-01 7.40E-o3 3 bOf-()2 9 40E-o3 
PWST-1 PROCESSED WA TEA STORAGE 109,081 2122186 3.()()(�1 1.60E-GS 6.60£-06 
PWST-2 PROCESSED WA TEA STORAGE 460,134 2/24/86 2.80£�1 5.30£-()5 4 40£-06 
Co-T-IA C<H>£NSATE STDRA� 101,518 3/3/86 5.60£�2 1.80E-G4 4 40£-()6 

'tr'Ol-T-9A £VAP.C(JI). TEST TANK 5,610 4112/83 1.30£�1 2 58E�5 9.40£-06 9.40£�7 9 OO£-o7 
....OL-T-98 EVAP.C(JI). TEST TANK 2.231 4/17/83 1.30£-GI 8.eoe-o5 5.00£-()6 3.50E�7 
CC-T-1 EPICOR II 0Ff-SP£C 20,500 315/86 I 30£..01 5 80E-o" 1 80f-o4 5 00£�6 4 90£-05 
CC-T-2 EPICOR II CLEAN 16.887 11/15/85 660E�2 3.00£-{)4 1.50£-04 l.IOE-04 6 SOE-06 
SFP-6 SP£NTFUEL Poa. T 241,698 312/66 4SOE-o2 3.30£-()5 3.60£-06 

SOS·T·IA SDS I10Nl TOR 373 3114/86 7.60E-o2 5.30£-GJ 9.80E-o4 6 60E-04 
SOS-T-18 SDS 11CffiTOR �7 3/8/86 7.30E-o2 9.70£-0<4 1.00E-o3 9 40£-o4 6 90£-05 
'tr'Ol-T-IA RC BLEED H<l.OUP 3,810 2/24/86 8.50(-()2 3.30£-()2 9.30E-G3 2.70E-o5 4 60£-{)4 9 00£-05 
't/Ol-T-18 RC BLE£0 H<l.OUP 4,420 3/7/86 1.30E-o1 1.70£+00 2.00E-o1 5 60£-QJ 3 40£-02 6 60£-03 
'tr'Ol-T-IC RC BLEED H<l.DlJP 57,116 10/J 1185 1.70E-o1 2.50£+00 1.70£�1 . 8.10£-02 6 SOE-o3 
ewsT 8� TEO WATER STORAGE 458.915 3/4186 6.60£�2 3.80E-Q<4 1.30E-Q4 6.90E-o6 2 70£-()6 
'tr'Ol-T-aA t£UTRALIZER 8,675 2128/86 9.00f-o2 l . ..o£-ol 1.90£�1 5.30£�3 
'tr'Ol-T-& t£UTRALIZER 8.605 3/1186 6.80E-o2 7.70£-{)2 1.80£�1 5.30E-o3 
't/Ol-T-2 MISCEllAtEOUS WAST£ H<l..DlF 3,712 2128/86 6.90£�2 7.80E-o2 1.70E-Q1 4.90E-o3 

'tr'Ol-T-11A CO.T AMINA TE O DRAINS 1,931 3/1186 2.10E-o5 2.70£-()5 4.20E-o5 9 30E-o7 
'tr'Ol-T-118 CO.T AMINA TfO DRAINS 820 3/1186 1.40£�5 1.10E-o5 

CHEN ClEANING BL DG S4J'I) 1,680 3/2/86 4.50£�2 I IOE�3 6.80E-o4 3 40E·03 7 90£-()6 
AUXILIARY BlDG� 5,917 10/4185 1.30E-Q1 1.20E-GI 2.30E-02 

REACTOR BlDG 8ASE1'1ENT 43,082 4126/85 2.60E-o2 1.60£+00 4.90h00 

SFP-A SPfNTFUEl POCl. -A. 205,234 2/27/86 2.60£�1 3.20£�2 8.80E-Q3 2.40£�4 2.60£-03 2 50E-G4 
DEEP E� OF TRANSFER CANAL 58,685 3/12/86 3.()()(�1 2.60£-()2 8.60E-Q3 2.20E-o4 2.90£-03 2 SOE-o4 

-··---- -------- -------- -------- --------- --------- ----------
TOTAL AS OF 111186 1,908,417 

AVERAGE CCH:ENTRA TI�S 11CI/ml • 1.64£�1 1.84£-GI I 29£-01 

18l.ANkS INDICATE L�D VALUESOA O.t.TA NOT AVAILABL£) 
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TABLE 2-4 

TMI-2 PROCESSED WATER SOURCE TERMS 

• • • ACTUAL SOURC E TERMS • • • TOTAL RADIOACTIVITY 

va.I.M'1E H-3 Sr-90 Cs-137 Cs-134 Sb-125 Co-60 
TANK OESCRIPTI� GAll<»fS DATE C1 C1 C1 Ci ( 1 Cl 

------- ---------- -··-·-- -------- -----·---- -------- ---------- --------- - ...... ·-·- -·--------

RCS RfACTM CCXl.AHTSYSTEM 67.286 317186 3.06E+O I 4 58£+02 6.62£+01 1 88E+OO 9 17E +00 2 39E +00 
PWST-1 PROCESSED WA TEA STMAGf 109.081 2n2166 1.2·4E+02 6.61E�l 2 81£�3 

PWST-2 PROCESSED WA TEA STMAGE 480.134 2124166 5.09£+02 9.63E�2 8.00£-oJ 

Co-T-IA CCMlfNSA TE STMAGE 101.518 3/J/86 2.15£+01 6.92£�2 1.69£�3 

'*'Dl-T -9A EVAP.CON>. TEST TANK 5.610 4112183 2.76E+OO 5.48E-Q4 2.00£-<>4 2.00[-()5 t.91E-o5 
'*'Dl-T-9& EVAP.CON>. TEST TANK 2.231 4117183 I 10£+00 7.4JE-Q4 4.22£�5 2.96£-()6 

CC-T-1 EPfCM II (1f-SPEC 20.500 315/66 1.01[+01 4 50E-Q2 1.40£-02 3.88[-()4 3.80£�3 
cc-r-2 EPICM II CLEAN 16,887 11/15/85 5 62£+00 1.92£-<>2 9 5�-()3 '1 OJE-()3 4 ISE-04 
SFP-6 SP£HTFUEL Poa. ·e· 241.698 312/86 4.12£+01 3.02£-()2 3.29£-()3 

SOS-T· IA SOSM<JfiTM 373 317/86 1.07[-()1 7.48£-()J I JBE-()3 9.l2E-o4 

SOS-T-IIS SOS �IT<A �7 10110/85 1.37£-()1 1.82£-()J 1.86f-<>3 I 77£-<>3 1 30£-04 
'*'Dl-T- IA RC BLEfD H<l.DUP 3,810 2124/66 1.23£+00 4.76£-()1 1.34£�1 J 89£-()4 6 6JE-o3 1 30£·03 
'*'Dl-T-IB RC BLEED H<l.DUP 4.420 317/66 2.17£+00 2.841(+01 3.35£+00 9.37£-()2 s 69£-() 1 1 10£-01 

'*'DL-T- IC RC BLEfD H<l.DUP 57,116 10/31/85 3.68£+01 5.40£+02 3.66Et01 I 7SE+O 1 I 41[+00 
BWST BMA TED WA TEA STMAGE 458,915 3/4/86 1.15£+02 6.60£-01 2 2fi·OI I SSE -<>2 4 b9E-o:5' 

'*'Dl-T-BA hf UTRALIZ£R 8.675 2128186 2.96£+00 4.60£+00 6.24£+00 1 74£-()1 

'*'Dl-T-88 hf UTRAL lZ£R 8.605 3/1186 2.21[+00 2.51E+OO 5 86Et00 1.73£�1 

'*'Dl-T-2 t11SCElLAhfOOS WASTE H<l.DUP 3.712 2n8186 9.69£..01 1.10£+00 2.39Et00 6.68£-()2 

'*'Dl-T-IIA CQtT AMINATED DRAINS 1,931 3/1186 I.SJE-()4 1.97£-()4 3.07E-o4 6 60£-()6 

'*'Dl-T-118 CC»fTAMINATED DRAINS 820 3/1186 4.35£-()5 3.41£-()5 

CHEt1 CLEANING BlDG Sti'P 1.680 312/86 2.86£-()1 6.99£-ol 5.60£-Ql 2.16£-()2 5 O:!E·vS 
A UXILIARY BLDG Slt1P 5,917 10/4/85 2.91£+00 2.69£+00 5 ISE..01 

RfACT<A BLDG BASftEHT 43.082 4126/85 4.241(+00 2.61E+02 7.99Et02 

SFP·A SPENT FUEL Poa. • A. 205.234 2127/86 2 02£+02 2.49£+01 6 841ft00 I 66E-Q1 2 02E+OO 1 94£-01 

DEEP 00 � TRANSFER CANA L 58.685 3112186 6.66£+01 5.78£+00 1.91£•00 489E-Q2 6.4�·01 S SSE-02 
--- --------- --------- ---·----- --·------- ------ ------- ---

TOTAL AS� 111186 1.908,417 1182.75 1331.17 929.49 
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For source vol umes i ndi cated with an asterisk i n  Tabl e 2-5 additi onal 

processing through SDS and/or EPICOR I I  wi l l  be performed prior to 

disposition. The total volume processed i s  1 0� of the projected vol ume of 

the processed water. Thus, l OOt processing/reprocessing woul d  be performed 

prior to ei ther the di rect sol idi fication or the river di scharge option. 

The resultant radionuc l i de concentrations were expected to be l . OE-5 uCi/ml 

for Sr-90, 4. 0E-6 uCi/ml for Cs-137 and below LLD for the rema i ni ng fission 

or corrosion products. These values have been consi stently achieved at the 

effl uent of EPICOR 1 1 .  Tri tium would  not be affected by processing and 

therefore, the actual concentration i n  �larch 1 986 would  change vi a natural 

decay only. 

For al l volume sources and nucl ides, decay corrections were performed from 

the sampl e date l i sted i n  Table 2-3 to 1 0/01 /88. The resul ting 

radionuc l i de concentrations fol l owing 1 0� processing or reprocessing 

projected to exi st in processed water on 1 0/01 /88 are presented i n  Tabl e 

2-S. Total acti vi ty for each nucl i de present, and i ts average 

concentration for a l l  the processed water are presented i n  Table 2-6. 

The source terms presented i n  Tabl es 2-5 and 2-6 have been defined as the 

base, processed water source terms for purposes of evaluating the 

envi ronmental impacts for the river di scharge and sol idi fication 

di sposi ti on option. 

Due to the concentrating effect of the evaporator, thereby requi ring the 

sol idi fication of the evaporator concentrates for radioactive waste 

di sposal , only approximately 4� of the processed water wi l l  requi re 

processing through SDS and EPICOR 1 1  before evaporation. The water sources 

requi ring processing prior to evaporation are i dentified with an asterisk 

i n  Table 2-7. Tables 2-7 and 2-8 present the radionuc l i de concentrations 

and total acti vi ty ,  respectivel y ,  projected to exist on 1 0/01/58 after 

processing approximately 40\ of the processed water. Additional processing 

1 4  



TABLE 2-5 

TMI-2 PAOCESSfD WATER SOUkC£ TERMS 

• • • PROJECTED SOURCE TERMS • •  • RADIONUCLIDE CONCENTAA liON 
100% PROCESSING 

va.I.I1E REPROCESS H-3 Sr-90 Cs-137 Cs-134 51··125 Co-60 

T.tJIC OESCRJPn� GAllONS 10/1/88 !!CI/ml 11CI/ml aJCI/ml aJCI/ml �J·:Itml 1JC1/ml 

----------- --------- ------ ---- ------ ------- ------- --------- -------- --·-------

RCS RfACTM CO<l.AHT SYSTEM 67.286 • 1.04(�1 1 .00£�5 4.00E� 

PWST-1 PAOCESSED WATER ST<RAGE 109,081 • 2.59£�1 1 .00£�5 4.00E-o6 

PWST-2 PROCfSSED WATER STMAGE 480,134 • 2.42£�1 1 .00£�5 4.00E-o6 

CG-T· 1A C<N>ENSA TE STMAGE 101.518 • 4.84E�2 1 .00£�5 4.00E-()6 

WOL-T-9A EVAP.CCN>. TEST T.tJIC 5,610 • 9.55E�2 I .OOE�5 4.00E-o6 

'fJDL·T-98 EVAP. CCN>. TEST TAHIC 2.231 • 9.56£�2 1 .00£-oS 4.00E-06 

CC-T-1 EPIC<R II C»'F-SPfC 20,500 • 1 . 12£�1 1 .00E-o5 4.00E-o6 

CC-T-2 EPICM II CLEAN 16,887 • 7.48E�2 I .OOE-o5 4.00E-o6 

SFP-8 SPEHT FUEL POa. "8" 241,698 • 3.69£�2 1 .00£-QS 4.00E-06 

SOS·T·1A SOS MONITeR 373 • 6.SBE�2 1 .00£-oS 4.00E-o6 

SOS-T-18 SOS M<»tiT<R 497 • 6.32£�2 1 .00E-Q5 4.00E� 

WOL·T-1A AC 8lEED tta.DlF 3,810 • 7.34E�2 I .OOE-oS 4.00E-o6 

WOL-T-1& AC 8lE£0 tta.DtP 4,420 • 1 . 12£�1 1 .00£�5 4.00E-06 

WOL-T-IC AC &lfED tta.DtP 57, 1 16 • 1.44E�1 1 .00£�5 4.00E-06 

8WST 8<RA TED WA TEA STMAGE 458,9 15 • 5.71E�2· 1 .ooe-os 4.00E-06 

WOL-T-8A t€UTRALIZfR 8,675 • 7.78£�2 1 .00£-os 4.00E-06 

WDL-T-8& t€UTRALIZfR 8,605 • 5.88E�2 I .OOE-o5 4.00E-06 

'fJDL-T-2 MISCEU/t.t€005 WASTE HCl.DCJ) 3,7 12 • 5.96£�2 1 .00E-o5 4.00E-06 

WOL-T- I IA Ca.T N11NA TED DRAINS 1,931 • 1 .82£-os 1 .00E-o5 4.00E-06 

WDL-T-1 18 CONT N11NA TED DRAINS 820 • 1.21E.�S 1 .00£-QS 4.00E-o6 

CHEM ClfAHIHG 8LDG Sti'P 1,680 • 3.89E�2 1 .00£-oS 4.00E-06 

AUXILIARY 8lDG Sli1P 5,9 1 7  • 1 . 10E�I 1 .00£�5 4.00E-06 

REACTM 8lDG BASEMENT .C.082 • 2. 14E�2 1 .00£-QS 4.00E-06 

SFP·A SPENT FUEL P<Xl. • A. 205,234 • 2.25£�1 1 .00E-o5 4.00E-06 

OEEP END <»' TRANSFER CANAL 58,685 • 2.60£�1 I .OO£-os 4.00E-06 

----

SU8TOTAL 1,908,417 IOOR (PERCENT FM INITIAL M REPAOCESSSING BEFOOE DISPOSITION) 

AODITIONAL WA TEA TO 10/88 153,848 1 .82E�5 1 .00E-oS 4.00E� 

---------- ---------------------- ---------

TOTAl FM DISPOSITION 2,062.265 IACTIVITIES OECAYED TO 10/1/88) 
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TABLE 2-6 

TMI-2 PROCESSED WATER S0JRC£ TEA'1S 

• • • PROJECTED SOURCE TEA'1S • • • TOTAL RADIOACTIVITY 
l OOS PROCESSING 

\IQ.tJ1E H-3 Sr-90 Cs-137 Cs-134 Sb- 125 Co-60 
TN« DE SCRIPT� GALLONS Cl Cl Cl Cl Ca Cl 

--------- ------- --- ----- -------- --------- ------ ---------
RCS RfACTM COCl.AHT SYSTD1 67,286 2.64£+01 2.55f-o3 1 .02E� 
PWST-1 PROCESSED WATER ST<RAGE 109,081 1 .07E+02 4.13E-o3 1 .6SE� 
PWST-2 PROCESSED WATER ST<RAGE 480, 134 4.39£+02 1 .82E-o2 7.21E� 
CQ-T-1A CONOENSA TE ST<RAGE 101,518 1 .86E+01 3.84E-o3 1 .54E-o3 
WDL-T-9A EVAP. C<N>. TEST TANK 5,610 2.03£+00 2.12f-o4 8.�-os 
WDL-T-98 EVAP.C<N>. TEST TANK 2,23 1 8.07E-o1 8.44E-o5 3.38E-os 
CC-T- 1 EPICM II OFF-SPEC 20,500 8.nE•oo 7 76E-o .. 3.10E-o4 
CC-T-2 EPICM II CLEAN 16,887 4 78E+OO 6.39E-o .. 2.56£-<>4 
SFP-8 SPENT FOO. POCl. "8 • 2<4 1 ,698 3.56£+01 9. 1SE-o3 3.66£� 
SOS-T- 1 A  SOS �IT<R 373 9.29E-o2 1 .41E-o5 5.6SE-o6 
SOS-T-18 SDS MC»tiT<R �1 1 . 19£-QI 1 88E-Q5 7.52E-o6 
WDL-T-1A RC BlEED HQ.OtP 3.810 1 .06f+OO 1 .44E-o<4 5.71E-o5 
WDL-T-18 RC BlEED tta.OtP 4,<420 1 .88E+OO 1 .67E-o<4 6.69£-QS 
WDL-T- 1C RC BlEED HQ.OtP 57, 1 16 3.12£+01 2.16£-oJ 8 6SE-o4 
BWST B<RA TED WATER ST<RAGE 458.9 15 9.9 1E+01 1 .7-4E-Q2 6.95E-o3 
WDL-T-8A �UTRALIZER 8,675 2.SSE+OO J.28E-o<4 1.31E-o4 
WDL-T-68 t€UTRALI2ER 8,605 1.91£+00 3.26£-o .. 1 .JOE-o4 
WDL-T-2 MISCElL�OUS WASTE H<l.DlJ) 3,712 8.38£-<)1 1 .40E-o4 5.62£-os 
WDL-T- 1 1A CONT AMIHA TEO OAAIHS 1,93 1 1 .33(-()4 7.31E-o5 2.92E-o5 
WDL-T- 1 18 CONT AMIHA TEO DRAINS 820 3.76E-Q5 3.IOE-oS 1 .24E-o5 

CHEM ClEANING BlDG SU'F 1,680 2.47E-o l  6.36E-o5 2.54E-o5 
AUXILIARY BlDG SlJ'I) 5,9 17 2.46£+00 2.24E-oo4 8.96£-05 

REACT<R BlDG BASEMENT -43,082 3.49£+00 1 .63£-<)3 6.52E-o4 
SFP-A SPEHT FUEL POCl. • A. 205,234 1 .75£+02 7.77E-o3 3.1 1£-<)3 

DEEP END OF TRANSFER CAHAL 58,685 5.77E+01 2.22E-o3 8.88E-o4 

AOOITI�L WATER TO 10/88 153,848 1 .06£-<)2 5.82£-<)3 2.33f-Q3 
----------- -------------

-- --- ------- -------- -------- ----------
TOTAl FM DISPOSITION 2.062,265 Cl • 1020.61 o.oe 0.03 

-. 

AVERAGE CONCENTRATIONS uCVml • l .JIE-QI I .OOE-o5 4.00£ -06 

1 6  



TABLE 2-7 
TMI-2 PROCESSED WA T£R SOURCE TERMS 

• • • PAWECTEO SOURCE TERMS • • •  RADIONUQ.I>E CONCENTRATICXi 
APPROXIMATE 40% PROCESSING 

VQ.lX1£ REPROCESS H·J Sr-90 Cs-137 Cs-134 Sb- 125 Co-60 
TN« OESCRIPTICXi GALLONS 10/1/68 "Ci/ml )ICI/ml "CIIml uCi/ml 11C1/ml "(e/ml 

----- --------- ------- ------- ------ ------- ------ ------- · - - - · - - - - - - - - · -- - - -

RCS R£ACH�� CCX1AHT SYSTEM 67.286 • 1.04£�1 I OOE-05 4.00E-o6 
PWST-1 PROCESSED WATER ST�GE 109,081 2.59£�1 1 .50£-0S 6.40£-()6 
P\\'ST-2 PROCESSED WATER ST�GE 4180,134 2.42£�1 4.98E-05 4.1-E-()6 
CQ-T-IA CCH>ENSA TE STMAGf 1 0 1 ,5 18 4.84E�2 1 69£-04 4. 15£-()6 
'fiOI.-T -9A EVAP. C<N>. TEST TAHK 5,6 10 9.55E�2 2.26£�5 8.29£-()6 1 .54£�7 4.38E�7 
'fiOI.-T -96 EVAP.C(N). TEST TANK 2.231 9.56E�2 7.72E�5 4.41E-o6 5.78[�8 
CC-T-1 EPICM II <ff-SPEC 20.500 1 . 12£�1 5 4SE-04 1 .70E-o4 2. 14£�6 2 S7E�S 
CC-T-2 EPICM II CLEAH 16.887 7 46E-o2 2 80£-04 1.40£-()4 S 34£-0S 4 45£ -()6 
SfP-6 SPEHT FUEL POa. "8. 241.696 • 3.89£�2 I .OOE-o5 4.00£ -06 
SOS-T- I A SOS MONITM J7J 6 58E-o2 4.99E-o3 9.2-E-o4 3 48E-o4 

SOS-T-18 SOS MONITM <497 6.32£�2 9. 1 2E-o4 9 43[-()4 4.93E-o4 4.92E-05 

WDL-T-IA RC BLEED 1-nOtP 3,8 10 • 7.J4E�2 1 .00£-oS 4.00£-()6 
'fiOI.-T - 18 RC BLEED H<l.OtP 4,420 • 1. 12£�1 I .OOE-o5 4.00E-()6 
WDL-T-IC RC BLEED 1-nDtP 57. 1 16 • 1 .44£�1 1 .ooe-o5 4.00£-()6 
8WST BMA TEO WATER STMAGE 458.9 15 5.71£�2 3.57E-04 1 .23£-()4 J.60£-o6 1.92E -06 
'fiOI.-T -8A NEUTRALIZER 8,675 • 7.78E�2 1 ooe-os 4.00£-()6 
'fiOI.-T -88 NEUTRALIZER 8,605 • 5.8&�2 I .OOE-o5 4.00£-()6 
WDL-T-2 MISCELLANEOUS WASTE tta.DUP 3.712 • 5.96£�2 1 ooe-os 4.00£-()6 
'fi0l-T- 1 1A CONTAMINATED DRAINS 1,931 1 .82E-o5 2S4E-o5 3.96E-05 3.96E-o7 
'fiOI.-T- 1 16 CONT AMIHA TED DRAINS 820 1 .21E�5 1 .0-E-05 

CHEN CLEANING BLDG SltF 1.680 3.89£�2 I 03E-oJ 8.29E-o4 I 78E -oJ 5 62[-()6 
AUXILIARY BlDG SlH> 5,9 1 7  • 1 . 10E-ol 1 ooe-os 4.00£-()6 

R£ACTM BLDG BASE�NT <43,082 • 2. 14£-Q2 1 .00£-05 4.00£-06 

SFP-A SPENT FUEL PCX1 • A. 205.234 • 2 2SE�I 1 ooe-os 4.00£-()6 
�EP 00 a: TRANSfER CANAL 58,685 • 2.60£�1 I .OOE-oS 4.00E-o6 

--

SU6TOTAL 1,908,417 37� (PERCENT FM INITIAL M R£PROC£SSSING BHME OISPOSITICXil 

AOOITIC»4AL WA TEA TO 10/88 153.846 1 .82E-o5 2.54£..05 3.96£·05 3 96£-o7 

·-- -- - -- --- ------ ···----------------- ---------

TOTAl FOA OISPOSI TIOO 2.062,265 CACTIVITIESDECAYED TO 101 1 /681 
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TABLE 2-8 

• • • PAruECTED �E TE� • "  • 
APPROXIMATE 40% PROCESSING 

TN« DESCRIPTaa. 

- - - ----- ----------·-

RCS REACTM COQ..ANT SYSTEM 
PWST-1 PROCESSED WATER STMAGE 
PWST-2 PROCESSED WA TEA STMAGE 
CQ-T - IA C(H)[HSA TE STMAGE 
WOl-T-9A EVAP. C<N>. TEST TANK 
WOl-T-90 EVAP C<N>. TEST TANK 
CC-T-1 EPICM II aF-SPEC 

CC-T-2 EPICM II ClEAN 

SFP-6 SPfNT FUEL POa.. ·e· 

SOS-T-IA SOS �ITM 

SOS-T-18 SOS MCitiTM 

WOL-T-IA AC BlEED H<l.OUP 
WOl-T-18 AC BlEED H<l.OUP 
Will-T-IC AC BlEED H<l.OUP 
8WST 8MA TEO WA TEA STMAGE 
'MOL-T -8A fEUTRALIZER 

WOl-T-88 fEUTRALIZER 

W.-T-2 MISCEllANEOOS WASTE H<1DUP 
WOl-T- 1 1 A  CC..T AMIHA TED DRAINS 
WOl-T- 1 18 CC..T AMIHA TED DRAINS 

CHEM CLEANING BlDG SlJ"P 
AUXIliARY BlDG St.J1P 

AEACTM BlDG BASEtENT 
SFP-A SPENT FUEl POCl. "A" 

DEEP 00 a TRANSFER CANAL 

.AOOITI<JW. WATER TO 10/88 

· - - - - - - · - ·  ---------------

TOTAl fM DISPOSITI� 

AVEPAGE C<H:(HTRA flatS 

lMI-2 PROCESS£0 WATER SOURCE TERMS 

VQ.lM'1f 
GAll<»fS 

--------

67,266 

109,08 1 

480,134 

1 0 1 ,5 18 

5,6 10 

2,231 

20,500 

16,887 

241 ,696 

J7J 

-497 

3,810 

4,420 

57, 1 16 

458,9 15 

8,615 

8,605 

3,7 12 

1,931 

820 

1 .680 

5,9 1 7  

43,082 

205,234 

58,685 

153,848 

- · - - - -

2.062.265 C1 • 

�LIIIl'tl • 

18 

TOTAl RADIOACTIVITY 

H-3 Sr-90 C5-ll7 Cs-134 So-12� Co-60 
C1 Cl C1 Ci C1 C l  

- - - - - - - - - - - - -- - - - - - --------- · - - - - - - - - - - - - · - - - - - - - - - - - - ·  

2 64E•OI 

I 07h02 

4 39E•02 

I 66Et01 

2.03£•00 

8.07[-QI 

8.72£•00 

4 78£•00 

J 56E•OI 

9 29E -Q2 

1 . 19£-QI 

1 .06£+00 

1 86E+OO 

3. 12£+01 

9.91£+01 

2.55£+00 

1 .9 1£+00 

8.38£-QI 

1 .33£-04 

3.76E-o5 

2.47£ -Q I  

2 46£+00 

3.49£+00 

1 1SE+02 

5 .71[+01 

1 .06E-o2 

2 SSE-OJ 

6 2 1[-QJ 

9 OSE-02 

6 SOE-02 

4.81E-04 

6 52E-o4 

4 23E-02 

I 79£-02 

9 ISE-OJ 

7 04E-OJ 

1 .72£-0J 

I 44E-04 

1 .67E-Q4 

2 16£-QJ 

6 2 1£-01 

3 28f-Q4 

3 26£-04 

I 40£-04 

I 86£-04 

6 58£-03 

2 24E-Q4 

I 63£-QJ 

7 71£-0J 

2.22E-GJ 

1 .46£-02 

I 02£-Q3 

2 6� -0J 

7 SJE-03 

1 59(-QJ 

1.76£ -Q4 3.26E-o6 9.30E-()6 
J 72£-os 4 88£-o7 

I 32E-02 I 66[-Q4 I 99E-Q3 

8 97E -OJ l 4 1E-03 2 6SE -Q4 
J 66[-QJ 

I J�-OJ 4 9 1£ -04 

1.71E-OJ 9 28£-04 9 :?6£-05 

5 71E-os 

6.69E-o5 

8 6Sf·04 

2 IJE-QI 6 60£-QJ 3 34£ -0J 

I.J IE-04 

1 �-04 

5 62£-05 

2.89£--04 2 89E-o6 

3.22£-05 

5.21E-OJ I . IJ£-02 3 58E-o5 

8 96£-05 
6 52E-Q4 

J I IE-OJ 

8 86E-04 

2 JOE-02 :.> J IE-o4 

· - - - - - - - · - - -·------ - · - - - - - - · - - - - - · - · · - - - - · - · · · · ·  

1020.6 1 0.90 0 :?9 

1 .3 IE -o I I . ISE-04 J 7 1E ·05 8 <l?f -07 : 3'1£-06 4 tl.11 ,1 1 



may be performed, as necessary ,  prior to evaporation. Therefore, the 

environmental impacts and the costs associated Nith evaporation Ni l l  be 

eval uated based on the processing of 4� and 1 �  of the processed Nater. 

2. 3 Chemical Concentrati ons 

For each of the sources of processed Nater, chemical analyses were 

performed to characterize the non-radioactive nature of the Nater. Of 
particular i nterest was the boron concentration i n  each source si nce boron 

Ni l l  di rectly i nfl uence any of the diposition options ei ther through 

di scharge l imi ts to the envi ronment (via  NPOES release l imi t of 25 ppm 

boron ) ,  i ncreased concentrates requi ring sol idi fication from the 

evaporation option, or the necessity to add stabi l i zing agents to ensure 

proper sol idi fication. 

The resul ts of the characterization are presented in Tabl e 2-9. I t  has 

been assumed that the chemical nature of sources requiri ng processing 

before disposition Ni l l  not change during processing, and that additional 

Nater added to the i nventory Ni l l  not contain appreciable quantities of 

boron. Several tanks reflect assumed chemi stry parameters, Nhich are based 

on the best i nformation avai l able. 

From Table 2-9, i t  can be seen that most of the processed water has a 

near-neutral pH, with varying level s of conducti vi ty and sodium. Boron 

ranges from l ess than 1 00 ppm for contaminated drains and new water, to 

over 5,000 ppm for RCS and SWST water. The average concentration i s  

approximately 3, 050 ppm, and i s  equivalent to approximately 1 50 tons of 
boric acid which Ni l l  be addressed during evaluation of each disposition 

option. 
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TABLE 2-9 
Ttl-2 PAOCtSSID WA RR SOa:t m115 

• • • ACTUAL ·SOUfKl. TllftS • • • 
VUtH · CtlttiCAl COICINlAATMMi WARA CtltiSTRY 

GAtUIIS ' SN1Plf ... CCII) I(JQI Cl IOC P04 504 ... 
TN& CISCW{k1t Cll l/86) OAJ( ..,. ... .... 

------ ---------------- ------- ------ -- ---- ----- ----- ----- ---- ------ ----. 
ACS AIACICR COCI.ANT SYSR" 67.286 l/7/06 7.61 3610 5309 1.7 . .s ll75 
PWST-1 PAOCISSID WAliA Sf�Ci( 109.001 2/22/06 7.76 3180 4625 1 1 .2 l..eG 
PWST-2 PAOClSSID WA UR ST«<lA6f 480,134 2124106 7 67 6 65  1620 0.1 1  2 '  O lS  
Co-T-tA CUUNSATt ST«JlA6f 101.511 313106 . 5.17 24.7 IN 1 . 1  0 02 
� -T·9A IVAP.C\IG. JIST lAIIt 5.610 41 1 2113 • 5 5  &42 
�-T-91 IVAP.CCID. JIST TANK 2.2SI 411 l/IS • 5 5  &42 
ce-r-a IPKCR IICif·SRC 20.500 ll5/86 5.07 6 2  14SO 15 3 
CC·T-2 IPKOA II QIAN 16.887 ' 11 15/85 4 85  6 9  1840 0.23 
SIP·I SANT flll POCl. ... 2•U,6911 312/86 1 67 1805 1186 0 99  500 
sos-r-r.c SOS tol fat J7l l/14186 7 66  1300 1650 41 32 25 28 «)0 
SOS·I-11 SOSIOITCR 497 10/10/85 7 86  1090 1680 .S 5  32 2 .. 5 360 
\la·I·IA AC llUD IGO&F 3.110 2/24186 7.59 32l0 5040 1.31 ll?O 
'-U-1-11 AC llUD IGO&F 4.420 311106 7 55 .1800 5.160 I .J.J 2. 1  12?0 
�-T·IC AC llUD IGO&F 57. 1 16 10/ll/85 7.61 3104 5274 2 2 l 1 480  
IWS1 I(RAJIDWATtA SICIWlE 458,915 l/4186 7.56 3505 5090 1 .6 l' ISSO 
'-U·T-811. HIUlAAUllA 1.615 2/28186 1.17 17 ' 1500 49 280 
'-U·T-el HIUIAAltliA 1,605 l/1186 1.8 tllO 16l5 46 280 
'-U·T-2 tttSallNE(IJS WASTI IGU 3,712 2128186 7.65 2375 1624 42.5 310 
'-U·T-IIA CONI AlMA ltD OAAINS 1.911 l/1186 7 65  65 1.7 140 
'-U-T-1 11 ' CONT�HD IIAAINS 120 l/1186 7 25  5]1 40 •  28 .all 

CR" QIAHii& MDI Sli'P 1 .610  l/21116 6.19 2ll 2021 14 50 
AUlCRIAAV M D6 Sli'P 5,917 10/4185 • 7.65 2315 1624 42 5  310 

MACICR MDG IASI�HT 4.J,002 4126185 • 3500 . 
SIP-A Sf(Nf flll P00. ••• 205.214 2127186 7.71 I6C5 4915 0 82 4 7  1480 

CliP (II) G TAAHSfiA CANAL. 51,685 3112/86 1.62 1645 4925 0.4l 1500 

AODtiiONAl W�HA TO 10181 153.841 0 0 
----- ------------------------ --------

TOTAl f(R OtSPOSITMif 2.062,265 ---- ...--
A 'If RAG( CCHUIIAA JIOIS 3047 .... ) ..,.. ... 722 4 

IOIAL lOIS StlJOS ISO lent lA . lent H.IOI 10 80 

( "NO I SFORHATION AVA I LABLE, VALUES REPORTED AR� AS�UHEDl 
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3. 0 APPLICABLE REGULATIONS 

The di sposal options for processed water have been eval uated to ensure 

compl iance to applicable regul atol")' requ{rements i nc l uding: 

o Nuclear Regulatol")' Conmi ssion OlRC )  regulations i n  Ti t l e  1 0  of 

the Code of Federal Regulations ( CFR) 

o Envi ro1�ntal Protection Agency ( EPA) regulations i n  Ti tle 40 of 

CFR 

o Department of Transportation (DOT) regulations i n  Ti tl e 49 of CFR 

o Pennsy l vania Department of Envi ronmental Resources C PaOER) 

regulations. 

3. 1 Requi rements on Radioacti ve Effluents 

Al l three options wi l l  cause the release of radioacti ve materi al to the 

envi ronment, therefore, the three options shall comply to regul ations 

relating to the release of radioactive material . Regulations regarding the 

di scharge of radioactivity i nto the envi ronment are spec i fied i n  

1 0  CFR 20. 1 06 which l imits radi oisotopic concentrations i n  unrestricted 

areas to the values gi ven i n  Appendix B to 1 0  CFR 20, Table I I ,  Columns 1 

and 2 for a i r  and water, respectively. These criteria are implemented by 

the THI-2 Envi ronmental Technical Spec i fications ( ETS ) ,  Appendix 8 to the 

TMI -2 Faci l i ty Operating license (DPR-73). The EPA regul ations i n  40 CFR 

1 41 l imit the radioi sotopic concentrations i n  drinking water. Al though the 

EPA l imits are not a constraint on water di scharges, these l i mi ts wi l l  be 

met at a l l  downstream potabl e  water i ntakes. 

3. 1 . 1  Gaseous Effluents 

Gaseous effl uents resul t from ei ther the sol i di fication or the evaporation 

option. The gaseous effluents from the sol idi fication option are a 

"by-product" of sol idi fication with the quanti ty of release expec ted to be 

much l ess than the evaporation option. Separate ETS have been wri tten to 

address gaseous and particul ate release rate l imi tations. The gaseous 

release rate l imi tations gi ven i n  the ETS are applicable to noble gas 

releases. However, since tritium is not a particulate, and i ts vol ati l e  
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nature i s  more anal ogous to noble gases than to parti cul ates ; the ETS for 
gaseous effl uents �i l l  be applied to tri tium release rates. Thus ,  tri ti um 

and particul ate releases are eval uated separately. 

Tri t i um. ETS 2. 1 . 2a l imits the i nstantaneous release rate of tritium so 

that the resul ting tritium concentration at the site boundary i s  less than 

or equal to i ts maximum penni ssi ble concentration (HPC) gi ven i n  1 0  CFR 20, 

Appendix 8, Tabl e 2, Col umn 1 .  ETS 2. 1 . 2c l imits the quarterly average 

release rate of tri tium so that the resu l t i ng tri tium concentration i s  l ess 

than 1 6� of i ts HPC value at the site boundary. The al l owable gaseous 

release rate i s  dependent on the tri ti um concentration i n  the processed 

water and the meteorol ogical conditi ons at the time of release. For a 

conservative estimate of the l imi ti ng tri tium release rate the annual 

average ground level atmospheric di spersion factor ( X/Q) ,  at the site 

boundary, i n  the SSE sector ( 5. 6E-5 sec/m3 ) i s  used. The SSE sector i s  

used since the annual average ground l evel X/Q i s  greatest i n  this sector 

( Reference 3 ) .  Therefore, the conti nuous tri ti um release rate to the 

atmosphere i s  l imited to 570 uCi /sec based on an X/Q of 5. 6xl o-5 sec/H3 

to comply to ETS 2. 1 . 2c .  The release rates from the evaporation and 

sol idi fication options are evaluated i n  Sections 4. 2 and 5. 2, respec tively, 

to show compl i ance to the l imiting H-3 release rate. 

Particulates. ETS 2. 1 . 2b l i mits the i nstantaneous release rate of total 

particulates to l ess than or equal to 0.3 uCi /sec. ETS 2 . 1 . 2d l imits the 

quarterly average release rate of total particul ates to l ess than or equal 

to 0. 024 uCi /sec. The particulate release rate from the evaporation option 

is eval uated i n  Section 4. 2 to show compl i ance to the ETS 2. 1 . 2d release 

rate l imit. 

3. 1 . 2  liquid Effl uents 

The l i qui d effl uents resu l t  frorn the river di scharge option. TH I -2 ETS 

2. 1 . 1 a  l imits the concentrations from radioactive l i quid effl uents to MPC, 

given in 1 0  CFR 20, Appendix  B ,  Table 2, Col umn 2, at unrestricted areas. 

The expected radi oi sotopic concentrations at the plant di scharge are 

dependent on the radioisotopic concentrations i n  the waste stream being 
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di scharged, the flow rate of di scharge, and the ava i l able TMI-2 di scharge 

flow rate from the Mechanical Draft Cool i ng Tower (HDCT) for dil ution to 

the river. Si nce 1 0� of the processed water wi l l  be processed or 

reprocessed prior to i ts di scharge i nto the river, Table 2-5 gi ves the 

projected radioi sotopic concentrations i n  the processed water sources prior 

to di scharge to the river. Inspection of Table 2-5 shows that the deep end 

of the transfer canal would contain the greatest concentration of 

radioi sotopes for the processed water sources ava i l abl e for release to the 

Susquehanna River. Table 3-1 shows that the radi oi sotopic concentration of 

thi s processed water source i s  1 20. 2 HPC. Therefore a plant dil ution of 

1 20. 2 i s  requi red to ensure that the radioi sotopic concentration at the 

plant di scharge i s  at or below 1 0  CFR 20 l imits, ( i . e • •  1 . 0  HPC ) ,  from any 

of the processed water sources. The plant dil ution factor f s  defi ned by 

the expression 

Dp :a Fp/Fw where 

Dp = plant dil ution factor (� 1 20. 2 )  

Fp = plant di scharge flow rate a t  the HDCT (gpm) 

Fw = di scharge flow rate from a processed water 

source ( gpm) 

Section 6. 2 addresses thi s requi red plant dil ution to comply with 1 0  CFR 20 

and ETS 2. 1 .  l a .  

I n  addition to the t�RC regul atory l imits o n  l i quid effluents, the resul ting 

radi oi sotopic concentrations i n  the Susquehanna River Must comply wfth the 

EPA drinking water f nterfm standards for radioisotopic concentrations gi ven 

i n  40 CFR 1 41 .  The l imi ting radioi sotopes for l i quid  concentrations are 

tri tium and stronti um-90. The 40 CFR 1 41 concentration l imits are 20,000 

pCi /1 and 8 pCi /1 for tri tium and strontium-90, respectively, for which 

tri tium i s  the most l imiting for the concentrations i n  the processed 

water. The 40 CFR 1 41 l imits are at the nearest downstream user. For THI 

the nearest downstream user i s  the Brunner Isl and power plant. The 

radi oi sotopic concentrations at the TMI-2 plant di scharge would be diluted 
by the river flow rate prior to reaching Brunner Island. Using 

23 



the past four years of data, the average monthly river flow rate varies 

from a minimum of about 5, 000 cubic feet per second (cfs) to a maximum of 

about 1 00,000 cfs. For this evaluation the minimum river flow rate of 

5, 000 cfs i s  conservatively assumed. 

To meet the 40 CfR 1 41 l imi t of tri ti um at Brunner Isl and a river di l ution 

of 1 3, 000 fs requi red , assuming che H-3 concentration gi ven in Table 3-1 . 

Rfver dil ution i s  defined by the expression 

where 

DR a river dil ution factor (� 1 3, 000) 

FR a ri ver flow rate (cfs) 
Fw • discharge flow rate from a processed 

water source (CFS) 

Section 6. 2 addresses thi s requi red river dil ution to comply with 40 CFR 

1 41 .  

3 .2  Requi rements on Off-si te Exposure 

1 0  CfR 20.1 requi res l icensees to maintain radiation exposures and release 

of radi oactive materi a l s  i n  effl uents to unrestricted areas 

as-low-as-reasonably achievable  ( ALARA) . 1 0  CFR 50. 34a and 1 0  CFR 50. 36a 

refer to the guides set out i n  Appendix I to 1 0  CFR 50 as providing 

numerical gui dance on design objecti ves and l imi ting condi tions for 

operation to meet the requi rement that radi oactive materi a l s  i n  effl uents 

released to unrestric ted areas are kept ALARA. As such, THI-2 ETS l imi t 

the dose to off-site personnel to the val ues gi ven i n  Appendi x  I to 

1 0  CFR 50. Those dose l imits wi l l  assure that the dose received by the 

publ i c  during the TMI-2 cleanup, and spec i fically for di sposal of processed 

water, i s  equivalent to or less than that from
·
a normal operating reactor. 

The evaluation of each di sposal option i ncl udes the estimation of the dose 

to the maxima l ly exposed hypothetical off-site i ndividual and shows that 

these doses are al l wel l within the 1 0  CFR 50, Appendix I l imi ts. 
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TABLE 3-1 

RADIOISOTOPIC CONCENTRATION IN DEEP END OF THE 

TRANSFER CANAL AFTER PROCESSING 

ISOTOPE 

H-3 

Sr-90 

Cs-137 

Total 

Notes: 

CONCENTRAT 10111 

( uCi /cc ) 

2.6E-1 

1 .  OE-5 

4. 0E-6 

1 .  Taken from Table 2-5 

HPC2 

(uCi /cc ) 

Jxl o-3 

3xl o-7 

2x1 o-5 

2. Taken from 1 0  CFR 20, Appendix B, Table I I ,  Col umn 2 

3. Column 1 /Column 2 

25 

HUL TIPLE OF3 

MPC 

86. 7 

33. 3 

0. 2 

1 20. 2 



In addi tion, 40 CFR 1 90. 1 0 ( a )  l imits the annual dose equivalent to 25 mrem 

to the whol e body , 75 mrem to the thyroid,  and 25 mrem to any other organ 

of any member of the publ i c  as the resul t of exposures to pl anned 

di scharges of radioactive materi a l s  to the general envi ronment from uranium 

fuel cycle operations and to di rect radiation from these operations. The 

expected doses to a member of the publ i c  from any of the di sposal options 

being eval uated wi l l  be shown to be i nsigni ficant compared to background 

radiation exposures and would  not contri bute signi ficantly to the dose 

l imits spec i fied i n  40 CFR 1 90. 

3. 3 Requi rements on Transportation and Burial of Radioactive Material 

The evaporation option wi l l  cause the generation of radioactive wastes that 

requi re shipping to a commerc i al radioactive waste burial si te. 

Regulations regardi ng the transportation and burial of radioactive wastes 

are gi ven i n  Titles 1 0  and 49 of the Code of Federal Regul ations. The 

objective of the evaporation option i s  to generate a waste form which would 

be classi fied as low Spec i fi c  Acti vity ( lSA) materi al (49 CFR 1 73. 403 and 

1 0  CFR n . 4) and buried as Class A waste ( 1 0  CFR 61 . 55 ) .  

3 . 4  Requi rer.�ents for On-site Di sposal of Radioactive Hateri al 

The objec tive of the sol idi fication option i s  to generate a waste fonn 

suitdble for on-site di sposal . On-si te di sposal of thi s sol i di f i ed waste 

form requi res NRC approval per 1 0  CFR 20.302. Upon approval by the NRC, 

the p roposea method of di sposal ( i . e. , a concrete l andfi l l ) requi res 

approval from the PaCER. This PaOER approval i nvolves two departments 

wi thi n  PaDER, namely , the Bureau of Radiation Protection and the Department 

of Sol i d  Waste Management. This on-site di sposal option would not render 

Three l�i l e  Island a permanent radioactive waste di sposal site, provi ded 

that the radioactivity level s i n  the sol idi fied waste are "below regulatory 

concern. " Section 1 0  of the low-level Radioactive ·waste Pol icy Act, 

amended 1 985, requi red the NRC to establ i sh standards and procedures for 

acting upon petitions to exempt specifi c  radioactive waste streams from 

regulation due to the presence of radionucl i des i n  such waste streams i n  

suff i c i ently l ow concentrations o r  quanitites a s  to be below regul atory 
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concern. The NRC hos approved the submittal s from various l i censees for 

on-site di sposal of very low-level radi oactive wastes. From I E  Information 

Notice 83-05. February 24. 1 983. i t  i s  apparent that NRC approval of a 

1 0  CFR 20. 302 submittal i s  predicated upon the estimated radi ological 

exposures to on-site personnel and to members of the publ i c .  Section 5 . 3  

shows that the estimated radi ological consequences are negl igibl e  for both 

occupational and non-occupational exposures. Therefore. on-site di sposal 

of the processed water i n  a cement l andfi l l .  can be demonstrated to be 

•below regulatory concern. • 

3. 5 Requi rements on Chemical Di scharges 

The di scharge-to-the-river option must al so cooply to the National 

Pol l utant Ui scharge ll imi nation System ( NPOES ) Permi t No. PA 0 OOS920 

i ssued to GPU Nuclear by the PaOER Bureau of Water Qual i ty Management. 

Thi s permi t l i mits the quantity of chemi cal releases and the pH of the 

effluent to th� Susquehanna River as wel l  as i dentifies the sources of 

release. The most restri ctive l 1mi t gi ven i n  the NPOES permit for the 

di scharge of the p�essed water into the Susquehanna River i s  the boron 

l i mi t. The penni t l imit  for boron is 25 ppm. Thus, assuming tha t the 

boron concentration i n  the processed water i s  6.000 ppm (maximum a l l owable 

per Dt l -2 Technical Spec i fications for the reactor coolant system ) .  a plant 

d i l ution (defi ned in Section 3. 1 . 2)  of 240 is requi red. The eval uation of 

the di scharge-to-river option. gi ven i n  Section 6. addresses thi s  requi red 

plant di l ution and the NPOES pH l imit.  
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4. 0 OISPOSITICN EVALUATION OF EVAPORATI014 

Under thi s al ternati ve . the di sposal of the processed water woul d  be by a 

moni tored di scharge of vapor to the atmosphere v i a  forced evaporation. 

Thi s would be accompl i shed by the use of a vendor-suppl i ed .  transportable 

evaporator system. Operation of the evaporator in an open cycle woul d  

al l ow the vapors and aerosol s to be di scharged to the atmosphere. Thi s  

di scharge could ei ther be d i rectly from the evaporator exhaust o r  through 

existing pl ant waste gas di sposal flow paths. 

The use of an evaporator for rrocessing and di sposal of the processed water 

wi l l  provide a mass reduc tion factor of approximately 1 0  to 20. The 

contaminants i n  the l i qu i d  i nfl uent to the evaporator wi l l  be concentrated 

i n  the evaporator bottoms. which wi l l  u l ti mately be di sposed of as a sol i d  

radioactive waste a t  a CQmme rc i al , l ow-l evel waste burial fac i l i ty .  

Current regul ations requi re the immobi l i zation o f  boric aci d  concentrates 

prior to di sposal . 

Immobi l i zation of the e�aporator bottoms wi l l  be accompl i shed by 

sol i di fication using vendor services, i ncorporating th� use of l a rge l i ners 

and cement or a bi nder that i s  compatible with the waste form. For thi s 

evaluation, a cement sol i d i f i cation b i nder was assumed. It i s  not 

necessary for the sol i d i fication bi nder to meet the stabi l i ty requi rements 

of the 14RC Branch Technical Posi tion on Waste Form s i nce the binder i s  

merely to immobi l i ze the free-standing l i quids and create a free-standing 

monol i th .  The sol i di fication binder, however, wi l l  have to be one that i s  

approved for use per the burial ground l i cense. It wi l l  be noted here that 

the bi tumini zation processes, i ncl uded with most transportable evaporator 

. systems. may not be acceptabl e  for immob i l l zation of the evaporator bottoms 

because of regulatory uncertai nties regarding the use of aspha l t  as a 

sol i d i f i cation bi nder. 
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4.1  Process Descri ption 

4. 1 .  1 Equipment and Operation 

Evaporator System. A simpl i fied flow diagram of this process i s  shown i n  

Figure 4-1 . Transportable evaporator systems ava i l able for use a t  THI-2 

range f n  capaci ty from 0. 5 to 3 gpm. The characteri stics . and faci l i ty and 

equipment requi rements of these systems are uni que to the design of each 

particular unit. 

Most vendor-suppl ied. transportable evaporator systems are designed to 

operate i n  a cl osed-cycl e  fashion. To faci l i tate use of these systems for 

processed water di sposal . modi fications must be made to a l l ow open-cycle 

operation. In order to control the possible spread of contami nation from 

aerosol s .  some form of moi sture separation wi l l  be requi red. Thi s wi l l  

ei ther be accompl i shed by the use of an entrainment separator where the 

captured condensation i s  returned to the evaporator feed tank. or by the 

use of a vapor superheater that maintains a vapor exhaust temperature above 

the dew point. It i s  antici pated that the evaporator di scharge· w i l l  be 

routed to an exi sti ng atmospheric di scha rge point equi pped with monitoring · 

capabi l i ties ( i . e  • •  the Chemical Cleaning Bui lding ( CCB) venti l ation 

system) .  

When selecting the evaporator system. i t  i s  prudent to consider the 

possibi l i ty of usi ng the evaporator for the production of l ow concentration 

borated water to support decontami nation activities. This would requ i re 

equipment flexibi l i ty to operate i n  ei ther a cl osed- or open-cycl e 

fashion. Prel iminary i nvestigations show that most transportable 

evaporator systems wi l l  a l l ow thi s i nterchangable operation in a timely 

fashion and hence provide maximum flexibi l i ty. 

The faci l i ty and equi pment requi rements necessary to support the use of a 

vendor-supplied transportable  evaporator i nc l ude: 
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o Design and construction of a concrete pad 

o Plant tie-i ns, i ncl uding uti l i ty services 

o Instal l a tion of a feed l i ne from the PWSTs 

o Selection of operations staff 

A concrete pad m� be requi red to support the evaporator system depending 

on the system selected. Reg. Guide 1 . 1 43 requires that structural pads for 

radioactive waste processing systems be curbed to prevent the spread of 

contami nation by spi l l s ,  l eaks, etc. The suggested l ocation for the 

evaporator, and pad i f  needed, i s  shown i n  Figure 4-2. This l ocation--the 

East side of the p l ant, between the CCB and the Unit 2 ai r-i ntake 

structure, wi l l  provide ideal access to the pl ant and the PWSTs, and 

minimal i nterference with normal traffic patterns in thi s area. The pad 

dimensions requi red for the systems consi dered for use at THI-2 range from 

1 2 '  x 46' to 1 2' x 80' .  Addi t i onal space , as needed, wi l l  have to be 

designated as storage space for chemica l s ,  tool s,  and spare parts. 

The necessary pl ant tie-ins to support the operation of a transportable 

evaporator i ncl ude the connection of station util i ty services. These . 

i ncl ude a supply of demi nera l i zed water, i nstrument ai r, electric power 

( amount dependant on system design and mode of operation ) ,  and venti l ation 

exhaust. Telecommunications, additional shielding (as needed ) ,  and c rane 

service are usual ly a l so requi red. 

A temporary feed l i ne to transfer the processed water from the PWSTs to the 

evaporator feed tank wi l l  have to be i nstal led. A heat traced, reinforced 

flexible hose i s  antici pated. llew procedures wi l l  be requi red for the 

transfer of the p rocessed water from the PWSTs to a transportable 

evaporator feed tank. 

Host vendor-suppl ied, transportable evaporator systems a l l ow the cl ient the 

choice of supplying h i s  own operations staff, or to rely on the vendor ' s  

services. GPU wi l l  supply operations, heal th physics, chemistry, secur i ty 

personnel , and off-site envi ronmental moni toring to support the vendor's 

operations acti vi ties. 

31 



------ ---------- -==-:::==::-.. � - =- -
stnurur �F-------, 

�----�' L--1 ----.J 

f.JGURE 4-2 SITE PLAN 
PROPOSED LOCAT ION 

or 
TRANSPORTABLE EVAPORATOR 

O IIP.C  Orr!« 

!!!!!: 
..,, ro �we 
IIOf All fACILifiU SHDIII 

32 

0 



The fol l owing tasks wi l l  be required to support the operation of a 

vendor-suppl ied, transportable evaporator: 

o Development of operating procedures and a start-up and test 

sequence, and the modi fication of existi ng procedures 

o Engineering software ,  i nc l uding engineering change authorizations 

and uni t work i nstructions 

o Operator tra i ni ng 

o Radiation and envi ronmental monitoring 

o Chemi st� and heal th physics support 

Evaporator Bottoms Processing. The concentrated sol ids wi thdrawn from an 

evaporator, commonly known as evaporator bottoms, genera l l y  range from 1 6  

to 2 5  weight percent (w/o) sol i ds.  At an average evaporator feed rate o f  3 

gpm, and operation for 20 hours per day, the quanti ty of bottoms produced 

per day wi l l  be approximately 2,670 l b /day and 1 , 670 lb/day for a 1 6  w/o 

and 25 w/o concentrate, respectively. Table 4-1 presents the maj or 

characteristics, rel ating to the waste di sposal concerns, of the evaporator 

bottoms. 

As previously mentioned, the evaporator bottoms wi l l  be immobi l i zed by 

sol i di fication and di sposed of by sha l l ow l and burial at the U . S. Ecol ogy 

LLW burial si te at Hanford, WA as thi s i s  currently the only buri al  si te 

avai l able to THI-2. Vendor sol i d i f i cation i s  antici pated since the use of 

a vendor sol idi fication system wi l l  a l l ow the use of any size 

sol idi fication container. This could prove beneficial si nce i t  i s  we l l  

establ i shed that several economic advantages a re  gai ned by using l a rger 

l i ners for sol idi fication of l ow acti vi ty wastes such as the evaporator 

bottoms. The use of vendor services a l so al l ows for the selection of 

several approved bi nders that are compatible with concentrated boric aci d  

wastes. 

The sol idi fication equi pment i s  expected to be located on the 280 ' -6" 

elevation of the aux i l i a� bui l di ng ,  just beneath the equipment hatch. 

Thi s l ocation i s  compatible wi th the evaporator system, however, speci al 

procedures for transferring the evaporator bottoms from the concentrates 

�cei ving tank to the sol i di fication system wi l l  be requi red. 

Addi tiona l l y ,  some piping modi fications are antici pated for the transfer of 

the evaporator bottoms to the sol idification system. 
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Previous analyses have sh� cement sol idi fication of thi s waste type i n  

l a rge l i ners ( i . e . ,  1 70 cubic feet) to be more cost effecti ve than the use 

of such containers as 55-ga l l on drums or 50 cubic feet l i ners. For the 

purposes of thi s evaluation i t  was assumed that l C� of the total di ssol ved 

solids i n  the processed water are retai ned f n  the evaporator bo
.
ttoms, and 

1 0"' of the mixed fi ssion products are concentrated i n  these bottoms. I f  

cement sol idi fication i n  1 70 cubic feet l i ners i s  employed, approximately 

1 61 to 271 l i ners woul d be generated i n  thi s campaign for a 25 w/o and 1 6  

w/o sol i ds concentrati on, respectively. The waste classification of these 

packages would be Class A as per 1 �  CFR 61 . 55. The Radioactive Material 

(RAM) shi pment category wou l d  be Type A, LSA. 

The estimated number of sol idi fied l i ners presented above i s  based on a 

cement bi nder-to�aste volume ratio of 0.35;  that i s ,  approximately 1 1 7  

cubic feet of evaporator bottoms are mixed with approximately 41 cubic feet 

of cement i n  a 1 70 cubic feet l i ner. This mixture is obtainable based on 

past sol idi fication work of simi l ar waste types at THI-1 . If thi s 

bi nder-to�aste volume ratio i s  not obtainable for the evaporator bottoms, 

the number of l i ners c�uld be i nc reased to as many as 307 to 51 7 for a 25 

w/o and 1 6  w/o sol id concentration, respectively. 

Tne resultant total volume of sol idi fied evaporator bottoms for d i � posal i s  

between 27, 000 cubic feet and 46,000 cubic feet for sol i di fication at an 

antici pated binder-to-waste vol ume ratio of 0. 35 for a 25 w/o and 1 6  w/o 

bottoms concentration , respectively. It i s  noted that this total volume 

may be as much as 52, 000 cubic feet for a sol i ds concentration of 25 w/o or 

88,000 cubic feet for a sol i ds concentration of 16 w/o if  a l ean 

sol idi fication mixture ( i . e . , a bi nder-to-waste rati o of approximately 

0.66) i s  required. For comparative purposes, the burial volume all ocated 

to Tl-11-2 under the 1 985 Amendment to the Low-Level Waste Pol i cy Act of 

1 980, i s  66, 468 ft3 between 1 986-1 992. When considering the volume of 

radioactive waste antici pated from the remainder of the c l eanup acti vi ties 

a l ong with the vol ume anti c i pated from the di sposal of the processed water, 

i t  wi l l  be necessary to provide for ei ther i nterim on-site storage or an 

i nc reased burial volume a l l ocation. 

Additi onal low-level radioactive wastes wi l l  be generated from such 

activities as system modi fications and ti e-i ns, evaporator operation 
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and mai ntenance and sol idi fication of the evaporator bottoms. These wastes 

i ncl ude nonnal OAW, HVAC/HEPA f i l ters, and some non-compactable wastes. 

The volume of these wastes i s  expected to be smal l ,  and when compared to 

the volume of the evaporator bottoms, i t  should  be rel atively i ns i gni ficant. 

4. 1 . 2  Schedule 

The total time to evaporate the processed water is  dependent on the feed 

capac i ty of the system, the chemical concentrations i n  the water, and the 

al l owable atmospheric di scharges as di scussed i n  Section 4.2. 1 .  Figure 4-3 

shows the time requi red to processs 2. 1  mi l l ion gal l ons as a function of 

evaporator feed rate based on various conditions of operation. An overa l l  

system availabi l i ty o f  7 5\  was assumed. Most vendors cl aim that some 

transportable systems can achieve as much as a 95\ overa l l  avai l abi l i ty ,  

however the assumed 75\ availabi l i ty wi l l  provide conservative results for 

thi s evaluation. 

The activities requi red to implement this system for the processed water 

di sposal by forced evaporation are l i sted sequential ly in Figure 4-4. A 

comparison of the program schedul i ng and development of these act i vities i s  

also presented i n  thi s figure. In addition to the maj or acti v i ti es l i sted 

in Figure 4-4, there wi l l  be prel imi nary overhead activities such as sa fety 

review, l i cer.�ing, etc. that are assumed to be equally i ncorporated i nto 

each appl icable program acti vity.  The schedul ing impact of the major 

activities for thi s option is di scussed bel ow. 

A vendor-suppl ied, evaporator system can be del i vered , i nstalled, and made 

ful ly operational i n  as l i ttle as four months. Thi s abi l i ty greatly 

reduces the lead time of thi s option. If a typical processing rate of 3 

gpm i s
.
assumed, and the operating basis i s  seven days a week,  with two , 

twel ve-hour shifts per day, and ten hours of actual processing per shift 

with an overa l l  avai l abi l i ty of 75\, approximately 28 months would.  be 

requi red to process the 2. 1 mi l l i on gallons of processed water. Operation 

at 3 gPm for the above operating scena ri o ,  wi l l  generate between 1 , 673 

pounds (at 2� w/o) of concentrated evaporator bottoms per day of operation 

and 2, &74 pounds (at 1 6  w/o) of concentrated evaporator bottoms 
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QASIS ; 
• 2-12 hr shifts/day 

• 10 hrs work/shift 
• 5 work days/\leek 

• 75% avai labil ity 

--- BASIS :  

• 2-10 hr shifts/day 
• 8 hrs work/shift 
• 7 work days/week 

• 75% avai lability 

. . . . . .  QASIS : 

• 2-12 hr shifts/day 

• 10 hrs work/shift 
• 1 work �a/week 

• 1St availabil ity 



FIGURE 4-4 COMPARISON OF PROGRAM SCHEDULING AND DEVELOPMENT 
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per day o f  operation. A typical vendor-suppl ied sol idi fication system 

employing the use of large l i ners wi l l  be able to accomDodate thi s 

production rate. It i s  concl uded that sol idification of the evaporator 

bottoms i n  large l i ners (by a vendor) wi l l  not i nterfere with the operation 

of the transportable evaporator. It i s  antici pated that the processing and 

disposal of the evaporator bottoms wf l l  occur concurrent to the evaporation 

activities with a one-month carry-over to a l l ow for system decommi ssioning. 

The total time to di spose of the processed water, using a vender-suppl ied, 

transportable evaporator with vendor services for the sol idi fication of the 

evaporator bottoms , i s  estimated to be 33 months. 

4. 1 . 3  Costs 

Cost estimates have been conducted for the di sposition option for the 

processed water using forced evaporation. A range of costs i s  presented 

based on various sol idi fication bi nder-to-waste volume ratios for the two 

sol i ds concentrations of the evaporator bottoms. The total cost o f  each 

estimate i s  composed of the costs for the evaporation activities ( i ncl uding 

any necessary system modi fications) and the costs for the processing and 

di sposal of the evaporator bottoms. In thi s  di sposal option, the costs 

associ ated wi th the processing and di sposal of the evaporator bottoms far 

exceeds the costs of the actual evaporation acti vi ties. Table 4-2 

summari zes the results of the cost estimates ; the major assumptions are 

highl ightea below. 

The cost for processed water di sposal by forcea evaporation using a 
vendor-suppl i ed transportabl e system with vendor sol idification o f  the 

evaporator bottoms, ranges from 6.25 to 8. 02 mi l l ion dollars for a 25 w/o 

and 1 6  w/o bottoms concentration, respectively. Thi s cost estimate i s  

based on the expected bi nder-to-waste volume ratio of 0. 35, i f  however this 

fs not achievabl e ,  the total cost of thi s campaign could be as much as 8. 60 

to 1 1 . 9b mi l l ion doll ars as highl i ghted i n  Tabl e 4-2. The total campaign 

cost may i ncrease by $2. 3H i f  1 00\ of the water volume i s  processed. 

The fol lowing maj or assumptions were made i n  the economic eval uation : 

o Vendor-suppl ied, transportable evaporator wi l l  be operated by 

vendor personnel 
39 



S1311DS CIXEIITRATJI* 
OF BOTTI»!$ 

.................... 

16 IUO 

16 wo 

2S IUO 

2S IUO 

TABLE 4-2 
SUMMARY OF ECONOMICS EVALUATION FOR 

PROCESSED WATER DISPOSAL BY FORCED EVAPORATION 

SOLIDI fl CA TJ !It 
811Clf�TE 
VOlUtE MTJO 

······-···· .. 

. JS 

. (16 

. JS  

, (16  

NOTES : 

TOTAL COST fOR TOTAL DlST fOR TOTAL CQST FOR 
EVAPOMTI!»t � 2. 1 E•6 Pfo:fSSIIIG � EYIYOIATOA TRANSPORTATION & BURIAL 

GALWIS Of WATER (1) (2) BOTTatS ( 1) (3) Of SOUOIFUO lllOI»tS (1) (4) 
......................... • ............ M ........... ............................. 

3.61 1 . 50  2.g(J 

3.61 2.82 5.53 

3.61 .91 1.73 

3.61 1.  TO 3.29 

(1) $1.0DD.ODD'S in 1986 

(2) lncl� systeft IIDdifications. all operations. and Yft!Or fees 

(l) Incl� systefi iiDdifications. all operations. conSLNOles. m ven:tor fees 

(4) lncl� all activities necessuy to ship waste. burial fees. m wrcharges 

(5) MID tiCINl �aw processl� (i. t. > a of Wl���e) would �rease tt1e total 
COstS � ... adcJi tiCNl $2. 3 n 

40 

•• TOTAL PROJECT COST •• 
(1) (5) 

. ....................... 

$ 8 02  

$ 11. 96 

$ 6 25  

$ 8 60  



---- --- - - - - - - - ---------------------� 

o Transportable evaporator pl aced on a pad 

o Evaporation unit operation costs are per day of operation 

o Vendor solidi fication of evaporator bottoms i n  6' x 6' l i ner wfth 

cement bi nder approved for commercial LLW di sposal 

o Vendor services at $80/ft3. i ncluding cost of l i ner 

4. 2 Radiological Considerations 

4. 2.1  Radioacti ve Effluents 

The evaporation of the processed water wi l l  be control l ed such that the 

resul tant release of radioi sotopes to the atmosphere wi l l  comply to the 

l i mi tations on gaseous effl uents gi ven i n  Section 3. 1 . 1 .  For tri tium the 

continuous release rate i s  l imi ted to 570 uCi /sec. Assuming the average 

tri tium concentration i n  the p; ->eessed water of 0. 1 31 uCi /cc ( from Tabl� 

2-8) . the expected feed rate to the evaporator of 3 gpm (approximately 1 90 

cc/sec ) .  and a 1 0� release fraction. the expected release rate of tri tium 

i s  approximately 25 uCi /sec or less than 51 of the al l owable conti nuous 

tri tium release rate l imi t. For particul ates the continuous release rate 

i s  l imi ted to 0. 024 uCi /sec. The particulate release rate i s  dependent on 

the particul ate concentration i n  the processed water being evaporated, the 

feed rate to the evaporator. and the •carry-over• fraction for the 

evaporator. ( i . e  • •  the percentage of particul ates i n  the i nfl uent to the 

evaporator that i s  released with the vapor as aerosol s ) .  From Ta ble 2-8. 

assuming 4� of the water i s  processed prior to evaporation. the average 

parti cul ate concentration i n  the processed water i s  approximately 

1 .  6Xlo-4 uCi /cc .  It i s  assumed that n. of the parti cul ates i n  the 

i nfluent i s  released to the atmosphere. Thi s assumption i s  based on a 

decontamination factor of 1 00 for open cycl e  operation. Vendor l i terature 

states that under cl osed cycle operation approximately O. ll of the 

particulates would  be released to the atmosphere. For operation f n  an open 

cycle. the release would  be sl ightly greater. The assumption of l l  i s  

conservative since no credit has been taken for particulate pl ate-out which 

would be expected via moi sture separation and al ong the di scharge duct. At 

a 3 gpm feed rate. therefore. the continuous parti culate release rate i s  

expected to be 0. 0003 uCi /sec or less than l . Sl of the allowable conti nuous 

particulate release rate. 
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4. 2. 2 Off-Site Radiological Consequences 

Radiological consequences from the control led atmospheric release of the 

evaporated processed water have been determined by estimating the dose to 

both the maximal ly exposed hypothetical off-sfte i ndividual and to the 

total exposed popul ation. The dose to the maxima l ly exposed hypothetical 

off-si te i ndividual i s  a conservative (over estimated ) assessment of the 

exposure to a member of the publ i c ,  as requi red by 1 0  CFR 50, Appendi x  I 

using Regulatory Guide 1 . 1 09 dose methodology. The estimated dose to the 

total exposed population i s  a more representative assessment o f  the 

radi ological consequences resulting from the evaporation of the p rocessed 

water. 

4. 2. 2 . 1  Maximally Exposed �pothetical Indivi dual 

Dose Model 

Doses were calculated using the f�teorological Information and Dose 

Assessment System ( MIDAS) which i s  used by TH I  Envi ronmental Control s for 

quarterly and semi -annual dose assessments which are submitted to the URC 

with TMI-1 and TMI-2 effl uent reports. MIDAS uses hourly averages of 

on-site meteorological data to calcul ate an i ntegrated di spersion for the 

period of i nterest. It i ntegrates the di spersion over each hour i nto each 

of si xteen sectors at ten di stances. The l ocation of the f i ve nearest 

vegetable gardens larger than 500 square feet, and the location of the 

nearest mi l k  cow, mi l k  goat, meat animal , and residence i n  each o f  the 

si xteen sectors, i s  used to evaluate seven ai rborne pathways : plume 

exposure, direct dose from ground deposition, i nhalation, and the 

consumpti on of meat ,  cow mi l k ,  goat mi l k ,  and vegetables. The maximally 

exposed hypothetical i ndividual i s  conservatively taken to be that person 

in the maximum inhalation l ocation and i s  assumed to consume meat , 

vegetables, and mi l k  from each of the other maximum locations. These 

calculations are performed in accordance with Regul atory Guide 1 . 1 09 and 

are identical to those used for semi -annual and quarterly effl uent/dose 

reports. The meteorological data from 1 985 was used to calcul ate annual 

di spersion i nto the atmosphere. There i s  good confi dence that the 

di spersion resul ting from the 1 985 data f s  simi l a r to annual di spersion i n  

recent years. 
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Esti mated Doses 

Using the release fractions gi ven i n  Section 4.2.1  and the dose methodol ogy 

gi ven above, Tabl e 4-3 presents the estimated doses to the maxima l l y  

exposed hypothetical off-si te i ndivi dual for the duration o f  the 

evaporation process taking i nto account the extent of 

processing/reprocessing of the processed water. The evaporation of al l of 

the processed water i s  expected to take at least two years. Therefore, the 

average annual doses to the maximal ly exposed hypothetical off-si te 

i ndi vi dual from evaporation of the processed water woul d be one-hal f of the 

values reported i n  Table 4-3. The highest average annual doses to the 

��ximally exposed hypothetical off-site i ndividual ( i .e. , 1 . 8  mrem to the 

bone and 1 mrem total body ) are only 1 2t  of the annual l i mi t of 1 5  mrem and 

2� of the annual l i mi t  of 5 mrem, respectively, gi ven i n  1 0  CFR 50, 

Appendix I for i nternal exposure from ai rborne rel eases. 

4.2.2.2  Popul ation Dose 

To estimate the popul ation dose M IDAS was again uti l i zed. The a ffected 

popul ation i s  consi dered to be the population surrounding THI-2 out to a 

di stance of 50 mi les. The population a ffected by the atmospheric release 

associ ated with the evaporation of the processed water i s  estimated to be 

1 . 2  mi l l ion people. The dose pathways i nclude inhalation; mi l k ,  meat, and 

vegetabl e  consumpti on; pl ume exposure ; and di rect dose from ground 

deposition. Table 4-3 presents the population dose estimated for the 

duration of the evaporation process taking i nto account the extent of water 

processi ng/reprocessing. Si nce the evaporation of a l l  the processed water 

i s  expected to take at l east two years, the annual population doses ( for 

two years ) are one-hal f of the values reported in Table 4-3. 

4. 3 Envi ronmental Consequences 

The envi ronmental consequences associated with the evaporation of the 

processed water and the sol idi fication of the evaporator bottoms i ncl ude 

the expected dose to the workers and to the publ i c .  The occupational 
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TABLE 4-3 

RADIOLOGICAL CONSEQUENCES FROM THE EVAPORATION 

Radioi sotopi c  Inventory 

Dose to Maximal ly Exposed 

�pothetical Off-site 

Ind1vfdua1 (mRem) 

Bone 

Total Body 

Population Exposure 

(person-rem) 

Bone 

Total Body 

Average Exposure to a 

Member of the Population 

(mRem) 

Bone 

Total Body 

OF THE PROCESSED WATER 
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Water Processed Prior to Evaporation 
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Table 2-8 Table 2-6 
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2. 0 
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1 7  
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dose attributed to evaporation of the processed water and the 

sol i di fication of the evaporator bottoms has been conservatively estimated 

to be 53 person-rem. This maximum dose i s  based on approximately 36, 000 

man-hours for the evaporation process i n  a radiation field of 0. 6 mrem/hr 

(background radiation level on THI -2 ) ,  approximately 1 0,000 man-hours for 

the sol idi fication of the evaporator bottoms i n  a radiation field of 2.5 

mrem/hr, and the processing of about 40l of the vol ume of water. An 
additional 5 person-rem has been estimated i f  the enti re vol ume o f  water i s  

processed. Thi s dose i s  a very sma l l  percentage of the total exposure to 

the work force estimated i n  Suppl ement Ho. 1 of Reference 1 ( i . e • •  1 3, 000 

to 46, 000 person-rem ) .  Table 4-3 presents the average dose an i ndi vi dual 

i n  th� exposed population would  recei ve from the evaporation of a l l  the 

processed water. Thi s average dose i s  obtai ned by dividing the population 

dose by the a ffected population of 1 . 2 mi l l ion people. The annual average 

doses ( for two years) a member of the a ffected popul ation would receive are 

one-hal f of the val ues reported i n  Table 4-3. These annual doses ( for two 

years ) are i nsigni ficant compared to the background radi ation dose a member 

of the publ i c  receives per year ( i . e • •  approximately 1 00 mrem ) .  Thus. the 

evaporation of the processed water and subsequent sol idi fication of the 

evaporator bottoms have i nsigni ficant envi ronmental consequences. 
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5. 0 EYALUATIO" OF SOLIDIF ICATION Al40 Oil-SITE DISPOSAL 

The objec tive of thi s  option i s  to sol idi fy the processed water as a grout 

mi xture for ul timate di sposal i n  an excavated p i t  wi thi n the confi nes of 

nti.  The resul ting grout mixture woul d  have very l ow concentrations of 

radioi sotopes and thus would have envi ronmental consequences which would 

support a 1 0  CFR 2ll. 302 submittal to the IIRC. NRC approval per 1 0  CFR 

20. 302 woul d  requi re that the on-site di sposal of the sol idi fied processed 

water be •below regul atory concern• ( see Section 3. 4 ) .  Upon NRC approval 

an application would then be submi tted to the PaDER Bureau of Sol i d  Waste 

t�anagement for a penni t to construct an i ndustrf al 1 andfi l l .  Thi s 1 and fi l l  

wou l d  consist of a large pi t ( approximately 260' x 1 90' x 1 5' deep ) 

backfil led with a homogeneous slab of cement and the processed water. 

5. 1 Process Description 

5. 1 . 1  Equi pment and Operations 

Processed water woul d  be transferred to a grouting system feed tank l ocated 

wi thin the system tra i l er l ocated near the Interim Sol i d  Waste Staging 

Fac i l i ty ( ISWSF ) .  Cement wi l l  be fed f rom  storage si l os to be mixed with 

water within a screw mixer and transferred into the excavated pit using a 

grout feed pump at approximately 1 0  gpm. 

Prior to the sol i di fication process , test mixtures wi l l  be made to 

determine the best formulation that wi l l  resul t i n  the l east vol ume of 

sol idi fied product. The formul ations being consi dered incl ude the use of 

Type 1 Portland Cement or masonry cement wi th water-to-cement ratios (W/C) 

between 0. 5 and 0. 75. The total volume of the sol tdtffed mass would range 

from 390, 000 cubic feet to 460,000 cubfc feet, dependent upon the cement 

used and the W/C ratio uti l i zed. 

The projected i nventory of radioi sotopes, in the processed water i n  October 

1 988 following 1 0� processing/reprocessing are shown i n  Table 2-6. Due to 

the heat of hydration during the mi xing and curing of the 
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immobi l i zation/solidi fication process, i t  i s  estimated that Set of the 

tri tium i nventory wi l l  be di rectly released to the atmosphere as triti ated 

water vapor. The remaining tri tium and a l l  the other radioi sotopes, wi l l  

be di spersed throughout the matrix produced by the sol idi fication process. 

Tabl e 5-1 l i sts the expected range of radioi sotopic concentrations i n  the 

sol idi fied gass. 

The grout-i n -pl ace sol i di fication system woul d  consi st of a tra i l er mounted 

system, with associ ated cement storage si l os l ocated within the TMI dike i n  

the area North and East of the ISWSF. The tra i l er mounted grouting system 

would  conta i n  a l l  of the equipment and i nstrumentation necessary to receive 

the processed water from the PWST and cement from adjacent storage s i l os,  

mf x these two materi a l s  ( together with appropriate stabi l i zi ng additives ) ,  

and pump the grout mixture i nto an engi neered excavation p i t  for f i nal 

setting. A conceptual schematic of the proposed grouting· system i s  

provided i n  Figure 5-l , which i ncl udes major components and connections to 

i nterfacing systems. 

The excavated p i t  for the grout mi xture f s ,  for a l l  practical purposes, a 

landfi l l  subject to approval and l i censing by the ?aOER Department of Sol i d  

Waste Management. As such, this p i t  wi l l  be requi red to be a n  engi neered 

l andfi l l  wi th groundwater protection ( i mpermeable l i ners and leachate 

col l ection) and groundwater monitoring (moni toring and observati on wel l s ) .  

The pi t i s  pl anned to be l ocated North-Northeast of the existing ISWSF. 

A cross section of a conceptual l andfi l l  i s  depicted i n  Fi gure 5-2. The 

overall  dimensions of the excavated pi t are 260' x 1 90'  x 1 5 '  deep. A 

2-foot-thfck l ayer of compacted c l ay and a 36�i l �palon l i ner Cor 

equi valent) wi l l  be i nstal l ed to provide groundwater protection. The 

compacted c l ay layer provides a cushi oned base for the synthetic l i ner i n  

addition to preventing the i nstrusion of groundwater. 

Leachate col l ection l atera l s  wi l l  be pl aced i n  the p i t ,  di rectly on the 

synthetic l i ner. A gravel /so i l  backfi l l  wi l l  be added to cover the 

latera l s  and protect the l i ner. The col l ected l eachate wi l l  be held i n  a 
sump l ocated at the l andfi l l  si te. Radiation ffiOni torfng of thi s  sump wi l l  

47 



Isotope 

H-3 

Sr-90 

Cs-137 

TABLE 5-1 

RADIOISOTOPIC CONCENTRATIONS IN THE SOLIDIFIED MASS 

( After 28 days of cure) 

Cur1es/Ft3 P1co Curies/gram 

1 . 3E-3 to 1 . 1 E-3 2. 8E+4 to 2. 2E+4 

2.1 E-7 to 1 . 8E-7 4.4 to 3.4 

7. 8E-8 to 6.6E-8 1 . 7  to 1 . 3  
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FIGURE 5-2 CONCEPTUAL LANDFill CROSS SECI'ION 
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be provided. t4o radioacti vity i s  expected after l andfi l l  cl osure. The 

l eachate wi l l  De moni tored and i s  expected to be pumped to the i ndustrial 

waste treatment system ( lWTS) for treatment and di scharge. 

It i s  noted that the only source of l eachate wi l l  be prec i p i tation that 

accumulates i n  the pi t before the final :over and 20 mi l cap l i ner are 

i nstal led. Leachate could also resul t from i nfi l trated groundwater, but 

this is not l i kely as i t  would  mean that the impervious l i ner would have 

had to fail ( a  very unl i kely situati o n ) .  tlot enough data i s  avai lable a t  

thi s tfme to predict the total dai ly quantity o f  l eachate product i on. The 

cap l i ner i s  used to provide an impermeable seal over the grout block,  and 

thus p revent the continued percolation of precipitation down through the 

l andfi l l .  This i s  prudent as i t  wi l l  ensure that the surve i l l ance and 

l eachate treatment commi tments wi l l  not prevail indefinitely. 

The final cover wi l l  be 2 feet thick at a mi nimum. The f i nal grade of .the 

cover wi l l  be approximately 2t to ensure proper storm water runoff and 

drainage wi thout errosion of the cover materi al . 

Moni toring wel l s  wi l l  be i nstal led for groundwater observation. The 

position of these wel l s  wi l l  be such that one i s  up-gradient of the 

groundwater flow paths, and the rest are down-gradient. 

5. 1 . 2 Schedul e  

It i s  antici pateo that the grout system would b e  i n  operation 5 days per 

week, with a total of 1 1  shifts per week i n  actual grout �ixing 

operations. For the assumed operation scenari o, and an estimated 1 0  gpm 

processi ng rate, with an average availabi l i ty of 45�. 39 weeks wi l l  be 

requi red to complete a l l  grouting operations, i ncl uding time to e rect the 

grouting system, excavate the di sposal p i t ,  and complete backf i l l  

operations. 
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5. 1 . 3 Costs 

Based upon the conceptual grouting system descri bed above, the grouting 

system hardware i s  estimated to cost $1 , 51 2, 000, Table 5-2 i temizes thi s 

estimated cost. 

The engi neered p i t  to be f i l led with a grout mixture of processed water and 

cement has been estimated to be approximately 260' x 1 90' x 1 5' i n  size. 

Prel imina� estimates to develop thi s p i t  a re presented below: 

Ini tial Excavation 

Leachate Col l ection System 

Ground Water Wel l s  ( 4) 

Base & Side Liner ( 36 mi l Hypalon) 

Cl ay Base 

20 mi l Cap Liner 

Backfi l l  & Cap Seal 

$1 1 0, 000 

80, 000 

1 0, 000 

75, 000 

1 6, 000 

22,000 

73,COO 

$386, 000 

The cement and hardening additives to be used wi th the grouting system are 

estimated to cost approximately $75 per ton of cement. It  i s  estimated 

that, approximately 1 4, 500 tons of cement wi l l  be requi red, for a total 

cost of $1 . 1  mi l l ion. Operation costs ( i ncluding cement) are estimated at 

$1 . 4  mi l l ion,  resul ting i n  a total sol idi fication cost of $3. 3 mi l l ion. An 

additional reprocessing charge of $2. 3  mi l l ion wi l l  a l so be attri buted to 

thi s option ( see Section 2. 2 ) ,  for an overall  cost of $5. 6 mi l l ion. 

5. 2 Radiological Considerations 

5. 2. 1 Radioactive Effluents 

The sol i di fication and on-site di sposal of the p rocessed water wi l l  cause 

the release of radioactive material to the envi ronment. The sol i d i fication 

process is expected to release tri tium to the atmosphere i n  
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the form of water vapor due to the heat of hydration during the mixing and 

curi ng of the sol i di fication process. Prior to cl osure of the landfi l l  the 

release of smal l quantities of radioacti ve material to the river may occur 

due to the release of l eachate. 

Release to the Atmosphere 

A conservative estimate of the continuous tritium release rate to the 

atmosphere has been determined based on the assumptions gi ven bel ow. 

o The average tri tium concentration i n  the processed water i s  0. 1 31 

uCi /cc ( Table 2-6). 

o A release fraction of 50\ for tritium 

o A sol i di ficaticn process rate of 1 0  gpm ( 631 cc/sec) 

The above assu�ptions yield a tri tium release rate of 41 . 3  uCi /sec. This 

i s  approximately � of the al l owable continuous tritium release rate l imi t 

gi ven i n  Section 3. 1 . 1 .  

Release to the River 

Prior to c l osure of the l andfi l l .  the accumulated l eachate wou l d  be 

di rected to the normal plant di scharge for release to the river. As thi s 

i s  a new source of water to be di scharged. PaDER approval may be requi red. 

Since the volume of l eachate and the radioisotopic concentration i n  the 

leachate cannot be quanti fied. a bounding evaluation has been made to 

determine a conservative estimate of the radioactive effl uents to the 

river. I t  i s  conservatively assumed that 1 �  of the total radioi sotopic 

i nventory i n  the sol i di fi ed mass i s  released i n  the · l eachate. Thi s  

assumption i s  based on the total surface area o f  the sol idi fied monol ith. 

assuming leaching of 1 0� of the acti vity in the f i rst two inches. From 

Table 2-6 ( after taking i nto account the 50\ release of tritium during 

sol idi fication) thi s release would consist of 5. 1  curies of tritium. 0. 0008 

curies of Sr-90. and 0. 0003 curies o f  Cs-1 37. 

5. 2. 2 Off-site Radi ological Consequences 

Radiological consequences from the sol i di fication and on-site di sposal of 

the processed water have been determined by estimating the dose to 
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both the maximally exposed hypotheti cal off-s i te i ndivi dual and to the 

total exposed popul ation. The dose to the maxi mi ally exposed hypothetical 

off-site i ndivi dual i s  a conservative (over estimated } assessment of the 

dose to a member of the publ i c  as requi red by 1 0  CFR 50, Appendix I using 

Regul atory Guide 1 . 1 09 dose methodology. The estimated dose to the total 

exposed population i s  a more repr�sentati ve assessment of the radiological 

consequences. The release of tritium to the atmosphere i s  only expected 

during the sol idi fication process , thus the radiological consequences from 

the release of tri tium to the atmosphere i s  a one-year dose commitment. 

The rel ease of tritium, Sr-90, and Cs-137 i n  the l eachate to the ri ver from 

the on-site di sposal of the sol i di f i ed mass i s  only expected pri o r  to 

closure of the l andfi l l  and thus i s  al so expected to be a one-year dose 

commi tment. 

5 . 2. 2. 1 Maximally Exposed H¥pothetical Individual 

Release to the Atmosphere 

Using the methodol ogy presented i n  Section 4. 2 . 2 . 1  and the assumed release 

of 51 0 curies of tri tium ( 5� of the tri tium i nventory i n  the processed 

water) , the caximally exposed hypothetical i ndivi dual i s  estimated to 

receive a dose of 0. �9 mrem to the total body. Thi s dose i s  less than 1 2:  

of the 1 0  CFR so. Appendix I annual l imi t of 5 mrem. 

Release to the Ri ver 

The dose model uti l i zed to estimate the dose to the maxima l ly exposed 

hypothetical i ndivi dual from l i qu i d  effl uents i s  descri bed i n  Section 

6. 2 . 2. 1 .  For the release of 5. 1 curies of tri tium, 0. 0006 curies of Sr-90, 

and 0. 0003 curies of Cs-137 to the ri ver, the maximal ly exposed 

hypotheti cal i ndivi dual i s  estimated to receive a dose of 0. 02 mrem to the 

bone and 0. 008 mrem to the total body. These doses are approximately 0. 2\ 

and o. � of the 1 0  CFR 50, Appendix I annual l imits of 1 0  mrem to any organ 

and 3 mrem to the total body, respectively. 
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5. 2. 2 . 2  Popul ation Dose 

Release to the Atmosphere 

U�ing the dose methodol ogy presented i n  Section 4. 2 . 2 . 2  with the release of 

51 0 curies of tri ti um. the popul ation dose i s  approximately 5. 5 person-rem 

to the total body during the - sol i di fication process. Thi s compares to 

228. 000 person-rem to that same population attributable to the dose from 

natural background and medical radiation i n  a single year. 

Release to the Ri ver 

The dose model uti l i zed to estimate the population dose from the release of 

tri tium. Sr-go. and Cs-137 in the leachate to the river i s  described i n  

Section 6. 2. 2. 2. For the release of 5. 1 curies o f  tritium. 0. 0008 curies 

of Sr-90. and 0. 0003 curies of Cs-1 37. the popul ation dose i s  estimated to 

be l ess than 0.4 person-rem to the bone and l ess than 0. 2 person-rem to the 

total body. 

5. 3 Envi ronmental Consequences 

The envi ronmental consequences associ ated with the sol i di fication and 

on-site di sposal of the processed water i nc l ude doses to the workers and 

the publ i c .  The occupational dose i s  obtained from the processing o f  the 

processed water and the sol i di fication process. Addi tional occupational 

dose from the on-site di sposal of the sol idified mass i s  i nsigni f icant 

because of the l ayer of soil cover over the sol idi fied mass following 

c l osure of the l andfi l l .  The occupational dose f rom the sol i d i fication 

process has been conservatively estimated to be approximately 1 8  

person -rem. This dose i s  based on approximately l b. OOO man-hours for the 

sol i di fication and transfer of the grout. i n  a radi ation field of 0. 6 

mrern/hr and 8 person-rem from the processing of the water. Thi s dose i s  a 

very smal l percentage of the total exposure to the work force estimated i n  

Supplement No. 1 of Reference 1 ( i . e  • •  1 3. 0CO to 46.000 person-rem ) .  The 

sol i di fi cation process has been estimated to cause a popul ation ( publ i c )  

dose o f  5. 5 person -rem to the total booy. Thi s  estimated population dose 

can be interpreted as an average dose of approximately 0. 005 mrem to the 
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total body for an i ndivi dual i n  the exposed population of 1 . 2  mi l l ion 

people.  This dose i s  i nsigni ficant compared to the background radiation 

dose a aember of the publ i c  recei ves per year ( i .e. , approximately 1 00  

mrem ) .  Prior to cl osure o f  the l andfi l l ,  the assumed quantity o f  

radi oactive material released to the river, from the leachate, has been 

estimated to cause a population dose of l ess than 0. 4 person-rem to the 

bone and less than 0. 2 person-rem to the total body . The population 

affected by the i ntroduction of radioactive effluents i nto the river has 

been esti mated to be f i ve mi l l i on people. Thus, the population dose from 

the assumed l eachate can be i nterpreted as an average dose of l ess than 

0. 0001 mrem for an i ndividual i n  the exposed popul ation, which i s  

i nsi gni ficant compared to the background radiation dose a member of the 

publ i c  recei ves per year. 

Si nce no accumul ation of l eachate i s  expected following cl osure of the 

l andfi l l ,  and si nce there i s  no apprec i able di rect dose from the l andfi l l  

because of the soil cover, no doses to the publ i c  are· expected fol l owing 

the c l osure of the landfi l l .  

Therefore, the sol idi fication of the processed water and the on-s i te 

di sposal of the sol i di fied mass have i nsignificant envi ronmental 

consequences. 
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6. 0 EVALUATIOI! OF DISCHARGE TO R IVER OPTION 

ui scharge to the river of the processeu water can be accomp l i shed within 

regulatory requi rements for acceptable envi ronmental impact and dose 

impact. The total i nventory of the processed water can be di scharged i n  

about one yea r ' s  time. PaOER notification i s  requi red prior to the 

di scharge of the processed water i nto the Susquehanna River. 

6. 1 Process Desc ription 

6. 1 . 1  Equi pment and Operatf ons 

Di scha rge of the processed water to the Susquehanna River i s  vi a the 

existing di scharge path. Water i s  pumped from storage tanks, where i t  i s  

held after processing, to one o f  two Evaporator Condensate Test Tanks 

(WDL-T-9 A or B ) .  Water to be released i s  pumped from these tanks to the 

l�chanical Draft Cool i ng Tower ( CW-C-2) from where i t  i s  di scharged to the 

river via cool ing tower l etdown. The di scharge flow path i s  shown i n  

F1gure 6-1 . The cool ing tower provides a d i l uent flow o f  about 22,0CO gpm 

prior to di scharge. 

Mtencrllcal Draft 
Cooling Tower 

FIGURE 6-1 DISCHARGE FLOU PATH 
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Each Evaporator Condensate Test Tan�s holds 1 1 , 000 ga�lons. At 50 gpm, the 

fi l l  time i s  about four hours. When f i l led, a tank i s  reci rcul a ted for a 

time equivalent to at l east three tank volumes after which i t  i s  sa�pled. 

At a nominal pumping rate of 50 gpm, about el even hours of rec i rcul ation i s  

requ i red. Sampl i ng and samp l i ng analysis requi res about one shi ft i f  a 

tri tium analysis i s  to be performed ; somewhat l ess i f  gross ga�a and gross 

beta can be used to veri fy the di scharge batch i s  the same as the source 

batch. 

Very l i ttle addi tional equipt:.ent is requi red to di scharge the processed 

water. !lew equipment would i ncl ude an automatic flow controller l oop. 

Thi s  woul d  requi re r�pl acement of flow transmi tter WDL-FT-l b36, addition of 

a manual control stati on, trip modules and trip solenoids for valves 

WOL-V-93A and H. An upgraded radi ation monitor system may a l so be requi red 

at the exi sting location (WDL-R-1 31 1 ) . This i s  based on the different mi x 

of radioi sotopes of concern ( tritium and strontium) than the mix ·of 

radioi sotopes expected for release during normal pl ant operations which was 

the design basi s for the existing monitoring system. 

6. 1 . 2 Schedule 

The time to di scharge i s  dependent on the a l l owable flow rate based on 

i sotopi c  and chemical concentrations in the water. Table 6-1 derives tne 

total time to di scha rge about 2.1  mi l l ion gal l ons based on a rang� of 

di scharge flow rates. Thi s derivatior. consi ders the turnaround time per 

tank. 

Table 6-1 shows that di scharge flow rates of l ess than 5 gpm wi l l  severly 

restrict the abi l i ty to di scharge i n  a productive manner. At di scharge 

flows greater than about 1 0  gpm, the rec i rculation and sample analysis time 

i s  control l i ng .  TI1erefore, a 1 0  gpm di scharge rate i s  rec01m1ended. 

6. 1 . 3  Costs 

Activi ties for the Enti re Campaign 

Certa in activities apply to the enti re di scharge campaign and a re not 

consi dered to be unit operations costs. These incl ude : 
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TABLE 6-1 

TlHE IN HOURS TO D ISCHARGE 2,1 00, 000 GAlLONS 

AS A FUNCTION OF D ISCHARGE FLOW RATE 

F1 1 1  

Reef rcu1 ate 

Sample 

Analysf s 

Di scharge 

Time per tank (hours) 

Tanks per day 

Tanks per 5 day week 

Tanks per month 

Gal l ons per year 

Yea rs to di scharge 

- di scharge gpm -

50 1 0  5 1 

4 4 4 4 

1 1  1 1  1 1  1 1  

4 to 8 4 to 8 4 to 8 4 to 8 

4 1 8  36 1 83 

24 to 28 38 to 42 56 to 60 203 to 207 

2 

1 0  4 2 

42 1 8  9 4 

5, 540, 000 2, 376, 000 1 , 1 88,000 528, 000 

about 2 3 to 4 
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1 .  Inspection , refurbi shment, and operational test of WOL-T-9 A & B ,  

WDL-P-1 1 A & B ,  and connected piping,  valves. i nterlocks ,  and 

i nstruments to the cool i ng towers. An operational leak test 

shoul d  be conducted after re-instal l ation of the flow element. 

Flushing may be prudent i f  there is any reason to suspect that 

foul i ng has occured. 

2. Revised operating procedure ( 21 04-4.2 - Section 4.10) for 

di scharge. 

3. flew chemist� procedures to calcul ate the al l owable discharge 

flow rate based on batch sample analysis.  

4. Revised health physics procedure ( HPP-l b21 ) to authorize release 

of water to the envi ronment. 

Uni t Processing Operations 

Uni t  operations i nc l ude: 

1 .  Sample and analysi s of process tank to be transferred to the 

WOL-T-9 A & B 

2. Transfer of water from process tanks to WOL-T-9 A & B 

3. Placing WOL-T-g A & B i n  rec i rcul ation and drawi ng sample. The 

tank i s  then sampled. 

4. Pumping water from WOL-T-9 A & B to the cool i ng tower. 

Two cost estimates have been conducted for di scharge to the river; Case 1 

i s  for a 1 0  gpm di scharge rate and Case 2 i s  for 5 gpm. The only 

di fference i n  costs i s  that the processing campaign costs are higher for 

Case 2 because the total cal endar time i s  greater. The costs are shown i n  

Tabl e 6-2. An additional reprocessing charge of $2. 3 mi l l i on wi l l  also be 

attri buted to this option ( see Section 2 . 2 ) ,  for an overa l l  cost o f  about 

$2. 6 mi l l ion. 
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Cost Element 

System Hods 

campaign Ops 

Uni t  Ops 

Total s  

Cost/Gallon 

TABLE 6-2 

COST ESTIMATE SUMMARY FOR O I SCHARGE OF 

2.1 00. 000 GALLONS OF PROCESSED WATER 

( Al l  values are in dol l ars} 

case 1 :  1 0  gpm 

Discharge Rate 

3B.600 

74. 300 

1 45.000 

257. 900 

• 1 3  

62 

case 2 :  5 gpm 

Discharge Rate 

38.600 

98.200 

1 45, 000 

281 . 800 
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o. 2 kadi ological Considerations 

6.2.1  Radioactive Effl uents 

The di scharge of the processed water to the Susquehanna River wi l l  be 

control l ed to comply wfth the l imi tations of radioactive l i quid effl uents 

given i n  Section 3.2. 1 .  The pl anned di scharge f l ow rate i s  1 0  gpm. Using 

the expected MDCT plant di scharge flow rate of 22, 000 gpm the plant 

dilution factor i s  2 , 200 for the 1 0  gpm flow rate. A plant di l ution factor 

of 1 20. 2 i s  requi red to ensure compl i ance to 1 0  CFR 20 radi oisotopic 

concentrations in the pl ant effl uent (see Section 3. 1 . 2 ) .  W i th a plant 

d i l ution of 2 , 200 the radioisotopic concentrations i n  the plant effl uent 

would be less than 61. of the �IPC given i n  1 0  CFR 20. Usi ng the l ow river 

flow rate of 5,000 cfs (Section 3. 1 . 2 )  and the planned discharge flow rate 

of 1 0  gpm (0. 022 cfs) the river d i l ution factor i s  greater than 220, 000. 

Wi th a river dil ution factor of 220, 000 the radioisotopic concentrations i n  

the river a t  the nearest downstream user i s  less than 6\ of the 4 C  CFR 1 41 

l imi t. 

6. 2 . 2  Off-site Radiological Consequences 

Radiological consequences from the control l ed di scharge of the processed 

water to the Susquehanna River have been determined by estimating the dose 

to both the maximally exposed hypothetical off-site i ndividual and to the 

total exposed population. The dose to the maxi mally exposed hypothetical 

off-site i ndividual i s  a conservative (over estimated) assessment of the 

exposure to a member of the publ i c  as requi red by 1 0  CFR 50, Appendix 1 
using Regul atory Guide 1 . 1 09 dose ��thodology. The estimated dose to the 

total exposed population i s  a more representative assessment of the 

radi ological consequences resul ting from the contro l l ed discharge to the 

river. 

6. 2. 2 . 1  �laxi mal ly Exposed Hypotheti cal Individual 

Dose Hodel 

Ri ver di scharge was eval uated by calculating the dose to the maximal ly 

exposed hypothetical i ndividual using the 1 985 mean monthly river fl ows and 
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the mechanical draft cool i ng tower flows, of Jb, OOO cfs and 22,000 gpm, 

respecti vely. The average �onthly river f l ow actual l y  varies from 5, 000 

cfs to about 1 00, 000 cfs over the course of a year. To �alculate the doses 

f� l i qui d  releases, the l i quid dose routines i n  MIDAS were used. These 

are the i dentical routines used by THI Envi ronmental Control s for the 

quarterly and semi-annual dose assessments which a re submi tted to the NRC 

with the Uni t  1 and Uni t 2 effl uent reports • .  The model accounts for 

d i l u tion i n  the HOLT flow, near field d i l ution, and far f i e l d  d i l ution i n  

the total river flow. The model uses three pathway s :  freshwater sport 

f i sh i ngestion, shorel ine di rect radiation exposure, and i ngestion of ri ver 

water as a drinking water source. The shore l i ne and fish i ngestion doses 

are evaluated using the near field di l ution above the York Haven dam; 

therefore, the river flow rate does not affect the d i l ution. The drinking 

water pathway appl i es to al l persons using Susquehanna R i ver water as a 

drinking water source withdrawn from the river downstream of the pl ant 

di scharge. The maxima l l y  exposed hypothetical i nd i v i dual i s  that person 

who eats fi sh from the river at the plant di scharge, stands along the 

shore l i ne ,  and drinks Susquehanna R i ver water. 

Estimated Doses 

Using the tot.sl acti vi ties g i ven i n  Table 2-6, the 1 985 mean monthly ri ver 

flow of 3b, OOO cfs, and a MDCT flow of 22, DOO gpm, the maxima l l y  exposed 

hypothetical i ndividual wi l l  receive a dose of approximately 2. 2 mrem to 

the bone and 0.84 mrem to the total body. 1 0  CFR 50, Appendix I l i mi ts the 

dose to the bone to 1 0  mrern year and the dose to the total body to 3 mrem 

per year. Thus, the estimated doses to the maxima l l y  exposed hypothetical 

off-site individual a re l ess than 1 St and Jut of the 1 0  CFR 50, Appendi x  I 

l imi ts to the bone and total body , respec ti vely. 

6. 2 . 2 . 2  Population Dose 

To estimate the population dose the l i quid dose routi nes of M IDAS were 

again uti l i zed. The mean monthly river flow rate of 36, 000 cfs and the 

I�DCT di scharge flow rate of 22,000 gpm were al so used i n  this analysis.  

The exposed population is  consi dered to be the affected population 
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surrounding THl-2 and downstream of the plant di scharge. The popul ation 

affected by the di scharge of the processed water i s  estimated to be f i ve 

mi l l ion peopl e.  The dose pathways are f i sh consumption. shore l i n e  

exposure. and drinking water. The majori ty o f  the population dose f s  from 

the drinking water pathway. The estimated population doses have been 

determined to be 37 person-rem to the bo�e and 1 6  person-re� to the total 

body. 

6. 3 Envi ronmental Consequences 

The envi ronmental consequences associ ated wi th the control led di scharge of 

the processed water to the river i ncl ude the doses to the workers and to 

the publ i c  and the release of boric acid and sodium hydroxi de to the 

river. The ocC"'.apational dose attributed to the control led di scharge of the 

processed water to the Susquehanna River has been conservati vely estimated 

to be approximately 1 1  person-rem. Thi s dose i s  based on approximately 

4.000 man-hours i n  a radiaton field of 0 . 6  mrem/hr and incl udes a n  

estimated 8 person-rem associated w i t h  the processing o f  the pr��essed 

water. Thi s  maximum dose i s  a very sma l l  percentage of the total dose to 

the work force estimated i n  Suppl ement No. 1 of Reference 1 ( i .e • •  1 3. 000 

to 4ti. OOO person-rem ) .  The estimated population doses have been determined 

to be 37 person-rem to the bone and 1 6  person -rem to the total body for the 

affected population of approximately f i ve mi l l i on people.  These popul ation 

doses can be i nterpreted as an average dose of less than 0. 008 mrem to the 

bone and approximately 0. 003 mrem to the total body for an i ndi vi dual i n  

the exposed population. These doses are i nsignifi cant compared to the 

background radiation dose a member of the publ i c  receives on an annual 

basis ( i . e • •  approximately 1 00 mrem ) .  The release o f  boric acid and sodium 

�droxide and the pH of the effl uent i nto the Susquehanna River a re l im i ted 

by the NPDES permit i ssued to TlH from the PaDER. The contf nuous boron 

release l im i t  of 25 ppm i n  the IIPOES permi t i s  the control l i ng chemical 

l i m i t  for di scha rge of the processed water i nto the Susquehanna Ri ver. 

Section 3. 5 shows that a pl ant dil ution factor of 240 is requi red to meet 

thi s boron l im i t  of 25 ppm. As shown i n  Section 6. 2. 1 .  a plant d i l ution of 

2. 2UO is expected. Thus. even for an assumed boron concentration of 6.�00 

ppm i n  the processed water. the boron concentration at the plant di scharge 
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i s  approximately 1 �  of the NPDES l imit. The NPDES permft also l imits the 

pH of the effluent to a range of 6 to 9. For the few p rocessed water 

sources which are currently not within this range. the requi rements on pH 

can be readily achi eved by blending water sources prior to di scharge. 

Therefore. the di scharqe of the processed water i nto the SusQuehanna River 

would have i nsigni ficant radiol ogical and non-radiological envi ronmental 

consequences. 
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7. 0 1 0  CFR 50. 59 EVALUATION 

1 0  CFR 50, Paragraph 50.59, pennits the holder of an operating l i cense to 

make changes to the faci l i ty or perfonn a test or experiment, provided the 

change, test, or experiment i s  detennined not to be an unrevi ewed safety 

question and does not i nvolve a modi fication of the plant technical 

spec i fications. 

7. 1 Unrevi ewed Safety Question Detenni nation 

1 0  CFR 50, Paragraph 50. 59, states a proposed change involves an unreviewed 

safety question f f :  

a .  The p robabi l i ty o f  occurrence o r  the consequence of a n  accident or 

mal function of equipment important to safety previously eval uated in 

the safety analysis report may be i ncreased ; or 

b.  The possi bi l i ty for an accident or mal function of a di fferent type 

than any eval uated previously i n  the safety analysis report may be 

c reated; or 

c .  The margin o f  safety ,  a s  defined i n  the basi s for any technical 

speci fication, i s  reduced. 

Al though sorne of the di sposal options outli ned i n  thi s  report are di fferent 

from the di sposal options for l i quid wastes outli ned i n  the FSAR. the 

consequences of these activities are bounded by analyses provided i n  the 

FSAR. 

The di sposal options consi dered woul d  not i ncrease the probabi l i ty of an 

accident or mal func tion of equi pment important to safety. The 

imple�ntation of the selected option would  be governed by procedures 

approved pursuant to Section 6. 8.2 of the THI-2 Technical Spec i fication and 

would be designed to mi nimize the potential for an i nadvertent release and, 

therefore, reduce the probabi l i ty of an accident. Additi onal ly, the 

67 



consequences of anY acci dent associ ated with the s�lected di sposal option 

would be bounded by the evaluations gi ven fn the TMI-2 FSAR for a 

postulated fai lure of the Borated Water Storage Tank (BWST). 

Supplement 2 of the TM I -2 FSAR eval uated the postul ated fai l ure of the 

BWST. Thi s  evaluation assumed that the BWST contained "desfqn basts" 

radioi sotopic concentrations. The mix of radioi sotopes, fn the FSAR 

evaluation, f s  vastly di fferent from the mix of radioi sotopes f n  the 

processed water. However, the resul ting doses from the release of the BWST 

contents i nto the Susquehanna River can be compared to the expected doses 

resul ting from a hypotheti cal release to the river of all  of the processed 
water. The doses calcul ated below are for i l l ustrative purposes only and 

show that the hypothetical release of a l l  the processed water f s  bounded by 

a previously revi ewed accident evaluation. Table 1 fn Suppl ement 2 ( page 

S2-1 3C) of the FSAk, presents the resul ting concentrations i n  the river 

from the postulated fai l ure of the BWST. For thi s mix of radioi sotopes, 

tne radi ological ly signi ficant radi oi sotopes are Cs-134, Cs-1 36, and 

Cs-137. Using the concentrations gi ven f n  Table 1 of Suppl ement 2 for the 

east side of the i sl and and the dose methodol ogy gi ven i n  Regulatory Guide 

1 . 1 09,  an adul t i s  estimated to receive a dose of 7 . 8  re� to the l i ver from 

· the consumption of one k i l ogram of fish residing i n  the east side of the 

i sl and. Th� l t ver i s  the l imiting organ for exposure for cesium. 

�or comparative purposes, thi s same adul t i s  estimated to receive a dose of 

· o. 56 rem to the bone ( the l imiting organ for the mix of radioi sotopes i n  

the processed water ) ,  and 0. 01 5 rem to the l i ver, from the total release of 

processed water to the river. These dose consequences are based on the 

fol lowing assumptions : 

o Catastrophic fail ure of a l l  tankage and water sources contai ning 

processed water ( tiOTE : r�nsidered to be an i ncredi ble event)  

o Instantaneous release of al l processed water to the river 

o Radioi sotopi c  i nventory i n  the processed water to the river presented 

i n  Tabl e 2-8 
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o River dil ution access at the east side of the isl and ( i . e. , same as 

the FSAR evaluation) 

o Dose methodol ogy i s  as descri bed i n  Regul atory Guide 1 . 1 09 

Therefore, the dose consequence from a hypothetical release of all  the 
processed water i s  signi ficantly l ess and bounded by the dose consequence 

for the postul ated fai l ure of BWST presented i n  the FSAR. 

The di sposal options being consi dered would not create an acci dent or 

malfunction of a di fferent type. Postulated accidents associ ated with 

processed water di sposal would con�fst of l i ne breaks or tank ruptures for 

which the bounding acci dent has been eval uated above. 

The di sposal of the processed water does not reduce any margin  of safety as 

defi ned i n  the basis for any technical specification. The di sposal options 
have been evaluated to determine the control s necessary to ensure, by 

compli ance with governing procedures, that the impl ementation of the 

sel ected option wi l l  comply with applicable technical speci fications. 

Compl i ance with the applicable technical spec i fications ensures that publ i c  

exposure from the pl anned gaseous or l i quid di scharges i s  wel l  wi thi n  the 

objectives of 1 0  CFR 50, Appendix I .  

I n  concl usion, the di sposal of the processed water does not i nvolve an 

unrevi ewed safetY question. 

7. 2 Changes to Technical Speci fications 

Disposal of processed water does not require a Technical Spec i f i cation 

change. NRC approval of the di sposal option selected by GPU Nuclear i s  

requi red by Technical Spec i fication 3. 9. 1 3 ; accordingly, this evaluation i s  

submi tted to obta i n  that approval . Further, the effl uent release analyses 

performed f n  support of thi s  evaluation demonstrate that the effl uents from 

each of the di sposal options presented are wel l  wi thi n  the l imits i mposed 

by Appendix B to the TMl-2 Technical Spec i fications. Therefore, no changes 

to the TM I - 2  Technical Speci fications are requi red. 
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8. 0 SIHtARY 

For purposes of conducting the evaluation of ul timate di sposi tion options 

for processed water, several assumptions have been defined. The 

assumptions consi dered are the fol lowing: 

o The TH1-2 cleanup endpoi nt i s  defined as September 30, 1 988 

o A total of approximately 2 , 1 00,000 gal l ons of processed water i s  

estimated to requi re di sposition under thi s  evaluation. 

o Any new water generated after the recovery endpoint wi l l  not be 

consi dered processed water, and therefore i ts di sposal wi l l  not 

be wi thin the scope of thi s  report. 

o Al l processed water must be effecti vely and completely 

di spositi oned within six  (6)  months after the recovery endpoint 

( i . e. ,  by March 31 , 1 989) . 

o NRC review and approval of the final disposition option i s  

expected by the end of 1 986. 

o Radioactive waste di sposal a l l ocations provi ded by the 1 985 

Amendment to the low-level Waste Pol icy Act of 1 980 are the only 

commerc ial di sposal a l l ocations available to TM 1 -2 until 1 993. 

Addi tional (or special ) a l l ocations and non-commercial 

radioactive waste di sposal may be requi red to supplement the 

di sposal options. 

8. 1 Processed Water Desc ription 

By the end of the TH1-2 c l eanup program, it i s  estimated that approximately 

2. 1 mi l l ion gal l ons of processed water wi l l  require disposition. Prior to 

final di sposal , and depending on the option chosen , from 4� to 1 0� of the 

2. 1 mi l l ion gal l ons of the processed water wi l l  undergo processing through 

the Submerged Oeminera l i zer System (SOS) and/or EP1COR 1 1  water 
purification systems. The processing wi l l  reduce the average radfonuc l i de 

concentrations and minimize the envi ronmental effec ts. 
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· The processed water wi l l  then have the average characteristics presented i n  

Table 8-1 . 

These radionuc l ide characteristics are representative of the i nfl uent feed 

tor the evaporator, and a re based on processing 40: of the water prior to 

evaporation. For the options i n  which 1 �  of the water would hP 

vrocessed--sol idi fication or di scharge to the ri ver--the remaining total 

acti vity of strontium-90 and cesium-1 37 wou l o  be lower: 0. 08 curies and 

0.03 curies. respectively. Al l other radionuc l f des are expected to be 

below l ower l fmfts of detection. Whi l e  tri tium ( 1 . 020 curies) i s  the 

domi nant radionuc l i de i n  the processed water with respect to 

Vol ume 

Tritium: 

Cs-1 37: 

Sr-90: 

Boron : 

Sodium: 

TABLE 6-1 

PRE-DISPOSITION PROCESSED WATER CHARACTERISTICS 

(Based on processing 40: of the total volume) 

Approximately 2.1  Hf l l fon Gallons 

Concentration 1 .  3E-1 uCi /ml 

Total 1 020 Ci 

Concentration 3. 7E-5 uCi /ml 

Total 0. 29 Ci 

Concentration l . l SE-4 uCi /ml 

Total 0. 9 Ci 

Concentration 3000 ppm 

Total 1 so Tons H3ao4 

Concentration 700 ppm 

Total 1 1  Tons NaOH 
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quantity, the .est radiologically significant radionucl ide i s  

strontium-90. That i s  because strontium concentrates - i n  bone marrow and 

g i ves a relatively l a rger, though i n  thi s context i nsigni ficant, dose than 

the whole body dose from tri ti um. In addi tion, the water wi l l  contain 

approximately 1 50 tons of boric aci d  and 1 1  tons of sodium hydroxide. 

8. 2 Di sposal Options 

A large number of potenti al di sposal options for processed water were 

evaluated. Only three options were determined to be practical for 

appl ication to TH I -2 water, and are: 

A. Di rect sol i di fication. with on-site di sposal of the sol idi fied 

waste 

B .  Forced evaporation, with off-site di sposal o f  the sol i di fied 

concentrates i n  a l i censed commercial l ow-level radioacti ve waste 

di sposal site 

C. Control led di scharge to the river 

Conti nued storage of the processed water on-site was considered, but was 

rej ected si nce i t  did not resul t i n  a final resol ution to the ul timate 

water di sposal objective. 

8.3 Di sposal Evaluations 

The di sposal options have been eval uated by the TH I -2 staff on the basi s of 

rel ative technical feasi bi l i ty,  envi ronmental effects. direct costs. and 

tfme necessary to complete the task. Tabl e  8-2 summarizes the results of 

the envi ronmental. assessments performed for the three potential di sposi tion 

options. From thf s tabl e, i t  i s  apparent that the off-site envi ronmental 

consequences for each option are comparable. and well below regulatory 

l imits even for the extremely conservative assessments performed i n  

accordance with Reg. Guide 1 . 1 09. Using a more representative assessment 

of potential dose to any average member of the population, the 

envi ronmental consequences are i nsi gni ficant. 
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TABLE 8-2 

ENVIRONMENTAL SUMMARY 

DISPOSAL 
O'TION 

MAXIMAllY EXPOSED( l ) ( S ) 

HYPOTHETICAL INDIVIDUAL (�ea) 
AVERAGE DOSE( 4 ) (S ) 

(IIIRea) 
OCCUPAT IONAL DOSE (S ) 

( Puson-Rea) 

Evaporation 
with off- s i te waste 
di sposal 

4 . 0  to 0.4 ( bone) (l ) 0.02 to 0.002 ( bone) ( 3 )  

o. 01 ( total bodY) (l ) 
53 to 58 

2 . 0  to 1 .0 ( total body ) (l ) 

Sol idi ficat1on 
with on-site di sposal 0 . 6  ( total body ) ( 2 )  

R i n r  Release 2.0 (bone) 
0.8 ( total bOdY ) 

( 1 )  Conservative assess-ent per Reg. Guide 1 . 109 
(2 ) Dose reported i s  for the sol idi fication process 

0.005 (total bodY ) (2 ) 

.008 (bone) 

.003 ( total body ) 

( 3 )  Annual dose for evaporation i s  one-ha l f  the value reported. all others are annual doses 
(4 ) Assess.ent of dose to an average �er of the exposed popul ation 
(5)  The range i n  doses i s  due to the a.ount of processing through SDS/EPICOR 1 1  prior to di sposal 
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TABLE 8-3 

OPERATIONAL SUMMARY 

DI SPOSAL COST W£ 1 1 11£  REGULATORY 

OPTION CCSl ( 1 )  UNCERlAINllY REQUIRED UNCEUAINllY CUtSTRAINTS 

Evaporation 

with off-sfte waste $6. 0-1 4 . 0
(2 ) HediUII 2. !I Years Hed1UIII Requires addi tfonul 

disposal co..ercial d1 spOSII1 

al location 

So1 1 d 1 ffcat1on 

wfth on-sfte df sp�sal $S.e: Hedfu• 1 Year HediUII Pequfres NPC Appruval 

per 10 CFR 20.302 and 

PIDER landff 1 1  pet .. f t  

R iver Release $2.6 low 1 Year loll PaCER notfffcatfot• and 

possible appro�al 

( 1 )  $l ,OOO,OOO ' s  in 1 986 dollars 

( 2 )  The range f n  cost f s  due to di fferent •ixes o f  waste sol fdff fcatfon �dfa resul ting f n  dif ferent f f na· waste 

vol UIIIes 
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In addition, the envi ronmental consequences to the publ i c  {popul ation 

doses ) are bounded by the estimates developed in the PElS ( i . e. , 30-900 

person-rem for di scharge to the river, and 26-440 person-rem from releases 

to the atmosphere ) .  Tabl e 8-3 summarizes the economic and schedul ar 

effects of each option evaluated, as Nel l as any major regul atory 

constra i nt affectin� PArh ��!���-

The i ncremental cost to implement the various di sposi tion options vary by a 

factor of 2-4, whi l e  the time requi red could vary from tess than a year to 

over 2 years. Only the river di scharge option presents no apparent 

regul atory constrai nts beyond disposition approval , whi l e  the other tNo 

options would requi re additional effort to address other regulatory i ssues. 

The GPU Nuclear technical evaluation has resul ted i n  the fol l owing summary 

of advantages and di sadvantages for each potential di sposal option. 

A. Forced Evaporation - Vendor System 

ADVAUTAGES: 

D ISADVANTAGES: 

7� 

o Concentrates waste requi ring 

LLW di sposal 

o Insignifi cant off-site 

radi ological consequences 

o Minimal SOS/EPICOR 

reprocessing requi r�d 

o Inadequate, current, LLW 

di sposal a l l ocation 

o Interim on-site storage may 

be requi red 



o Comp l i cated l ogi stics 

o Highest cost 

�- ui rec� Soi iai fica�lon - un-Slte Lanaf i i i  ui sposai 

ADVAHTAGES:  

OISADVAHTAGES : 

o Relati vely simple to implement 

o Short time to complete 

o Second l owest cost 

o Decoupled from LLW di sposal 

o Insignifi cant off-si te 

radiological consequences 

o Requi res separate submittal 

for NRC approval per 

1 0 CFR 20. 302 

o Requires i ndustrial landfi l l  

o PaDER approval for l eachate 

di scharge 

o Retai ns on-site l egacy 

C. Control led Di scharge to the River 

AD V AIH AGES: o Techni cal ly simple 
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DISADVANTAGES : 

8. 4 Di sposal Recommendation 

o lowest d i rect cost 

o Shortest time to complete 

o No on-site l egacy 

o Minimal manpower requ i red 

o Simple l ogistics 

o Insignifi cant off-si te 

radiological consequences 

o PaDER notification 

On the basis of overa l l  technical meri t ,  analysis i ndicates that the 

control l ed di scharge of the processed , dil uted water to the Susquehanna 

River i s  the simplest, l east costly option and i nvolves i nsignificant 

envi ronmental impact, as do the competing options. However, GPU Nuclear 

ha� opted not to recommend di scharge to the river in recognition of an 

existing publ i c  perception that uni que health risks are associ ated with 

this di sposal option. 

After considering the technical meri ts of each option, as wel l  as publ i c ,  

i nsti tutional and pol i tical concerns, GPU Nuclear has sel ected evaporation 

as the preferred option for di sposal of TM I -2 water. Evaporation. 

i nc l uding sol i di fication and shi pment of evaporator residue to a l ow-l evel 

waste burial ground , wi l l  remove the smal l amount of remai n i ng 

radioacti vi ty from TH I .  Successful implementation of thi s recommendation 

requi res approval of an additional waste di sposal al l ocation. 
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There 1 s  a common objective-safe di sposal of the processed water. Our 
recommended di sposal method i s  techni cally feasi bl e  and envi ronmentally 

safe. It shoul d be found acceptable by the NRC, the publ i c  and other 

government agencies. 

Jh1s report 1s submitted to provide the NRC with the GPU Nuclear 

recommendation concerning di sposal of the THI-2 water in accordance with 

Technical Spec i fication 3. 9. 1 3  and to see� IIRC approval by the end of 

1 986. Timely i ni tiation of water di sposal i s  i n  the common i nterest. 
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