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PREFACE 

Thi s F i na l  Envi ronmental Assessment revi ses the draft Envi ronmental Assessment i s sued for publ i c  comment in 

March 1980. Rev i s i ons to the draft Asses sment have been made i n  response to comments rece i ved and to additional 

revi ews and analyses conducted by the NRC staff. 

The Nucl ear Regu l atory Comm i s s i on has not yet made a dec i s i on on  the d i spos i t i on of the krypton-85 gas in the 

reactor bui l di ng atmosphere at TMI Uni t 2 .  The v i ews and recommendati ons expressed here are those of the 

Commi s s i on staff . 

Th i s  report was prepared by the staff of the Three Mi l e  I s l and Program Offi ce, Offi ce of Nuc l ear Reactor 

Regul ati on, wi th the as s i stance of add i t i onal  staff members from wi th i n  NRC . 

Dr .  Bernard J. Snyder, Program D i rector 
Three Mi l e  I s l and Program Offi ce 
U . S .  Nuc l ear Regul atory Commi s s i on 
Was h i ngton, DC 20555 

v 
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1.0 Summary and Recommendation 

The NRC staff has prepared this summary of the Fina l  Environmental Assessment for those who prefer to fo llow 

the main themes of the assessment without referring to the technica l descriptions, ca l cu l ations, and other 

data that provide the foundation upon which the staff's recommendation is based .  

The krypton-85 (Kr-85) re l eased into the reactor buil ding during the accident on  March 28, 1979, must be  

removed from the buil ding so  that workers can begin the tasks necessary to  cl ean the buil ding, maintain instru

ments and equipment, and  eventua l l y remove the damaged fue l from the reactor core. Those tasks must be performed 

whether or not the plant ever again produces e l ectricity. Radiation from the krypton gas, a l though thinly 

dispersed through the reactor buil ding atmosphere, neverthe l ess poses a threat to  workers who wou l d  have to 

work in the buil ding for pro l onged periods. 

This Final Environmental  Assessment (NUREG-0662) presents a discussion of the information considered by the 

NRC staff in arriving at its recommendation that the preferred method for removing the krypton-85 from the 

reactor buil ding is by a kind of fl ushing process by which the gases wou l d  be pushed out of the buil ding and 

fresh air pul l ed in. 

The Metropo l itan Edison Company (the licensee) on November 13, 1979, asked the NRC staff for permission to 

purge or remove the reactor buil ding atmosphere containing the krypton-85 to the outside (Ref. 1). In March 

1980, the NRC staff published the draft version of this Environmental Assessment (NUREG-0662) and two subsequent 

�ddenda for pub l ic comment (Ref. 2). The staff has received approximate l y  800 comments on the draft Environmental 

Assessment. Of these, approximately 195 responses general l y  supported the purging of the reactor buil ding, 

approximate l y  500 opposed it, and the remaining responses were either recommended a l ternatives for removing 

the krypton or comments that took no position on the staff's recommendation. Substantive comments received by 

the NRC staff wil l be printed in Volume 2 of this Assessment. 

From this process have emerged some NRC staff conclusions on four basic aspects of dealing with the reactor 

buil ding atmosphere: 

---The potential physica l hea l th impact on the public of using� of the proposed strategies for getting 

rid of the krypton-85 is negl igible .  

---The potentia l psychological impact is likely to grow the l onger it takes to reach a decision, get 

started, and complete the process . 

---The purging method is the quickest and the safest for the workers on Three Mile Island to accomplish . 

---Overall, no significant environmental impact would resul t from use of any of the al ternatives discussed  

in this Assessment. 

The Problem 

As wil l be developed in the foll owing discussion, decontamination of the reactor building atmosphere at this 

time is a necessary activity irrespective of whether subsequent cl eanup operations are authorized or of the 

nature of such operations . There presentl y exists a need for relative l y  prolonged access to the reactor 

building for purposes of maintenance of equipment essential for continuation of the safe shutdown mode and for 

data gathering activities so that the nature and extent of future cl eanup measures can be determined .  In 



addi t i on ,  it i s  bel i eved that the prompt i ni t i at i on of decontami nati on wi l l  be benefi c i a l  from the s tandpoi nt 

of a l l ev i at i ng s ome of the psycho l og i cal  stress  now being experi enced by the nearby pub l i c. 

Furthermore , authori zati on of any of the a l ternati ve methods for decontaminati ng the reactor bui l d i ng atmosphere , 

be ing an act i on i ndependent of any subsequent cl eanup acti v i ti es , does not forec l ose , nor predetermi ne, the 

cons i deration or se l ecti oh of any alternative to such subsequent measure. 

Taki ng the foregoi ng i nto consi derati on , the staff bel i eves that i t  i s  i n. the best i nterest of the pub l i c  

heal th and safety to authorize thi s acti v i ty at this t i me ,  pri or to i ssuance o f  the Programmati c  Envi ronmental 

Impact Statement , now i n  preparati on. 

The March 28, 1979 acci dent i n  Three Mil e I s l and Uni t 2 heav i ly damaged the uran i um fuel i n  the core of the 

reactor .  Many radi oactive substances that normal ly remai n trapped i n  the fuel rods were released when the 

fuel rods were thems e l ves broken .  Some of the  radi oacti v i ty ,  i n  the  form of gases, leaked out of  the  reactor 

system , along wi th a l arge amount of water . Some of  the gases escaped to the e nvironment and some o f  the  

water reached other parts of  the  p l ant before bei ng captured. A great deal of  water and a s ubstant i a l  amount 

of  radi oactive gases remained confi ned in the reactor bui ldi ng. 

As l ong as the damaged fuel in the reactor core i s  coo l ed and remains relatively undisturbed and s urrounded by 

boron , there i s  es sentially no chance that the fuel chai n reacti on, whi ch was abruptly stopped by the acci dent , 

could start agai n .  But as time passes , the NRC staff beli eves that there wi ll be an increas i ng chance o f  

essenti al equi pment weari ng out o r  malfuncti o n i ng .  I f  the core were accidentally t o  begin t o  undergo a chain 

react i o n  once more , it could cause releases of  more radi oacti v i ty wi th i n the reactor b u i lding .  Therefore , 

removal of the damaged fuel for safe storage is the paramount objective of the cleanup of TMI - 2 .  

Shortly after the acci dent, the radioacti ve gases xeno� and i odi ne accounted f o r  most of t h e  radi oact i v i ty i n  

the reactor b u i ldi ng atmosphere .  But because these gases decayed to nonradioatti ve forms rapidly , they now 

account for only about one mi llionth of the radioacti v i ty i n  the buildi ng a i r .  Nearly all of the radoacti v i ty 

now i n  that ai r comes from the relati vely longer-lived krypton .  Traces of a rad i oacti ve form of  hydrogen, 

called triti um, are i n  the bu ild i ng atmosphere at levels 10 , 000 t i mes l ower than the krypton .  Mos t  of  the 

radiati o n  g i ven off by krypton-85 in the reactor b u i ldi ng is a kind that can be blocked by heavy layer s  of 

clothi ng (which could al so severely hamper workers ) .  However, it is not th i s  "beta" rad i at i on that i s  of 

pri mary concern for worker health .  The pri mary concern i s  wi th the more penetrating gamma radi ati o n .  S i nce 

krypton-85 contri butes sign i ficantly to the gamma dose with i n  the reactor bui l di ng (it accounts for as  much as 

75% of the total in some areas of the bu ildi ng),  removal of the krypton is necessary .  Even with the k rypton-85 

removed, there would still be radi ation  from the damaged reactor core, from radioactive material depo s i ted o n  

s urface , a n d  from the more than seven feet of  contami nated water i n  the basement of t h e  bui ld i ng . But , the 

radiation dose rate for workers wou l d  be cut from about 2 . 3 rem per hour to 1 . 6 rem per hour at the 305- foot 

level in the buildi ng, and from about 1 . 3 to 0 . 3 at the 347- foot level if the krypton-85 were removed f rom the 

building . 

At the present t i me, the reactor bui lding i s  s uffic i ently ai r-tight so that steady cooling of the a i r i n  the 

buil d i ng has kept its pressure at s l ightly below outs i de ai r pressure .  Whatever small air leakage there has 

been has come in from the outside, rather than to the outside . However, the cooling system fans, des i gned to 

run continuously for only a few hours, have been running for more than a year, and they may fai l  over a per iod  

of  t i me .  If they do, a r i se in  pressure ins i de the  reactor bui lding wou l d  l ead to  small puffs  of  uncontrolled 

leakage of the buil ding atmosphere to the outs i de .  Th i s  would not pose a hea l th hazard to the publ i c  but  

wou l d  be of  major  concern and could contribute to  anxiety among res i dents in  the  area . Controlled and monitored 

removal of the buil ding atmosphere before the cool ing fans fail would avert that possibili ty . 
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The Proposed Soluti on  

In  perform i ng i ts Envi ronmental Assessment of  Metropoli tan Edi son's proposal to purge the  reactor bui l di ng 

atmosphere , the NRC staff has not only evaluated that plan but also has evaluated several alternati ves , 

i ncludi ng the fo l lowi ng: 

1 .  No acti o n .  

2 .  Purg i ng ( Slow or  Fast , Lower or  H i gher Release Poi nts ) .  

3 .  Selecti ve Absorpti on Process .  

4 .  Charcoal Adsorpti on ,  I ncludi ng a Refri gerated Adsorber System. 

5 .  Gas Compress ion  and storage . 

6 .  Cryoge n i c  Process i ng (Li qu i fyi ng the Gas and Stori ng for Later D i sposal) . 

7 .  A Comb i nat ion  of  Purg i ng and the Other Alternati ves . 

1 .  No Act i o n  

Leav i ng t h e  contami nated a i r i n  t h e  reactor b u i ldi ng i ndef i n i tely would leave o n e  i mportant phase of  the 

cleanup process  undone . It would also carry other ri s ks .  F i rs t ,  it would be phys i cally more d i ffi cult , i f  
not i mpracti cal , for workers t o  d o  any s i gn i fi cant c l eanup work i n  the b u i ld i ng because o f  the heavy protecti ve  

cloth i ng and  ai r- supply equi pment they would be requi red to  wear .  Under these condi t i ons , wor kers may be 

lim ited to only 15-30 mi nutes i n  the b u i ldi ng before ai r supplies  must be replaced. Dose cons i derati ons  �ould 

also li m i t  the "stay time" of wor kers i n  the b u i ld i ng.  Second , to the extent that it would i nterfere with 

mai ntai nance of already over- used equi pment i n  the b u i ldi ng ,  i ndefi n i te delay m i ght cause fa i lure o f  equipment 

essenti al to keep i ng the  damaged reactor core in  a safe cond i t i o n .  Th i rd ,  the b u i ld i ng could begi n to  leak 

unexpectedly .  Although the leakage i s  not cons i dered a s i gn i fi cant threat to the health and safety of the 

publi c ,  i t  could generate the s ame anxi ety and stress  that s i m i lar mi nor lea kage i nc i dents at the plant have 

generated i n  the past. 

2.  Purgi ng 

The TMI- 2  reactor bu ildi ng has two separate systems that can be used to move a i r from the i ns i de of  the bui l d i ng 

to the outs i de by way of f i lteri ng and mon i tori ng equ i pment leadi ng to a vent i lati on stack that reaches 160 feet 

i n  the ai r .  The smaller of  the two systems was des i gned as a bac kup system to the hydrogen recomb i ner system 

to reduce hydrogen concentrati ons i n  the bu ildi ng followi ng a loss-of- coolant acc i dent so as to prevent pos s i ble 

gas explo s i ons .  Thi s hydrogen control s ubsystem , when modif i ed , would employ a fan wi th the capaci ty to mov e  up to 

1 , 000 cub i c  feet of a i r  per m i nute . Th i s  fan would be started slowly and run at l ow rates unt i l  the krypton-85 

concentrati ons i n  the bu ildi ng had been lowered by di luti on wi th fresh  a i r s o  that larger volumes could be 

sent outs i de wi thout rai s i ng the concentrat i ons  of radi oact i v i ty around the s i te .  I f  th i s  system of fans 

and ducts was used by i tself , i t  would take about 30 days of actual purg i ng ,  spread over about a 60-day period , 

to complete the purgi ng operat i o n .  The larger of the reactor bu ildi ng purge systems i s  the bu i ldi ng's venti

lati on system. I f  thi s larger system were used along wth the hydrogen control subsystem , both systems coul d remove 

the requi red amount of  a i r i n  about fi ve days of  actual purgi ng , duri ng good weather , over a 14-day peri od. Both 

the hydrogen control subsystem and the reactor b u i ld i ng purge systems are equi pped wi th control valves and their 
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own trai ns of fi l ters so that fi ne particu l ate radi oacti ve materi a l  wou l d be removed from the a ir  before it i s  

di scharged to the outs i de through the venti l ati on stac k. Just before reachi ng the stac k ,  the ai r from the 
reactor bui l d i ng wou l d be mi xed wi th a ir  from other p l ant bui l di ngs to provi de some d i l uti on before i t  is 
di scharged from the stac k. As the ai r beari ng the krypton-85 i s  pu l l ed out of the reactor bui l di ng ,  fresh a i r  

from t h e  outs i de wou l d enter t h e  bui l di ng through a n  open valve . 

The staff also exami ned the poss i bi l i ty of extendi ng the 160- foot h i gh stack to 400 feet wi th p i p i ng supported 

by scaffo l d i ng or guy w ires . The staff be l i eves that under the best of weather condi tions  e l evati ng the s tac k 

cou l d  reduce the max i mum pos s i bl e  exposures closest to the s i te to as l i tt l e  as 1/8th the dose predi cted to  

occur  for  the  160- foot stack.  The  staff has  esti mated that des i gn i ng, constructi on , and  l eak  testi ng the 

added stack sect ion  wou l d  del ay c l eanup of TMI-2  by about four to fi ve months . 

The staff next cons i dered construction  of a new 1000- foot stack to prov i de add i t i o nal al ti tude for rel e as i ng 

the reactor bui l di ng ai r .  The staff esti mated that i t  wou l d  take a t  least 1 1  months t o  des i gn ,  bui l d ,  a n d  

test s u c h  a stack t o  adequate safety cri teri a .  They also felt that wh i l e  the  h i gher stac k wou l d  reduce the 

publi c's radi at i o n  exposure, the projected exposure was a l ready so l ow as to pose no radi o l ogi cal hea l t h  

hazards a n d  that the m i n i mum of  an 11-month de) ay t o  bu i ld a stack of 1000 feet cou l d not b e  justifi ed. 

Fi nally , the staff eval uated two proposal s submi tted by the Un ion  of Concerned Sci enti sts to Governor Th ornburgh 

(Ref .  3 ) . The f i rst proposal was that the reactor bui l di ng a i r be heated to g i ve it more buoyancy upon its 

rel ease from the stac k for more effecti ve ri se and di spersal . 

The NRC staff be l i eves that al though heati ng of the d i scharge would reduce the publ i c's rad i at i o n  exposure 

somewhat, the  UCS  has  underesti mated the  t i me i t  would take to  put  such an i ncinerator- heat i ng system i nto 

operati on, and that i nstead of  the seven to n i ne months predi cted by the UCS, it wou l d  take a m i n i mum of 9 
month s .  (The UCS esti mated construct ion  t i me only, excludi ng des i gn, engi neer i n g ,  procurement, and tes ting of 

the i nc i nerator scheme . ) The staff sai d the expected dose reducti on of a factor of  about 30 to an i ndividual 

and the delay do not justi fy the i mpact of delayi ng the cleanup operat i o n .  

Tpe second proposal was that a 2000- foot tube of rei nforced fabr i c, held aloft b y  a tethered balloon, be u s e d  

a s  a stac k f o r  di scharge of the reactor bu i ldi ng ai r .  Because the method i s  un i que and untri ed, the s t a f f  

said  there was some uncertai nty as t o  how long i t  would take t o  i mplement, but the staff thought i t  cou l d 

work.  The staff thought i t  would take 7 to 10 months to des i gn, bui ld, and test such a system. Howe v e r, the 

staff felt that the psychologi cal i mpact of a balloon clearly v i s i ble over the s i te may offset any adva n t age 

wh i ch mi ght be gai ned by a reducti o n  of the dose to any i nd i v i dual.  

3 .  Selecti ve Absorpti on 

The selecti ve absorpti on process  would wi thdraw all the a i r in the reactor bu i ldi ng, separate from it e s s enti al ly 

all the krypton, and return the decontami nated ai r to the reactor bu i ldi ng .  The contami nated ai r wou l d pas s  

through a column i n  wh i ch li q u i d  Freon would absorb the krypton whi le a l lowi ng the other gases t o  p a s s  through 

unchanged. Once separated, the krypton could be stored for approx i mately 100 years under e i ther h i gh p r es s ure 

in a few gas cyli nders, or under low pres sure in a larger number of  cyli nders . 

The Un ion  Carb i de Company of Oak Ri dge, Tennessee, has been develop i ng a se l ect i ve absorpti on process  s ince 

1967 . The i r  l atest small- scale p i lot plant, in operati on s i nce 1978, can remove 99 . 9% o f  the kryptO�JPas sed 
through it.  Uni on Carbi ae offi c i als are opti mi sti c that a l arger vers i on of th i s  p i l ot plant ( scal ed up at  
l east 10  t i me s )  can  work at  Three Mi l e  Island . Esti mated t i mes for  completi ng th i s  larger vers i on vary. Oak 
Ri dge personnel esti mate that a system could be put in serv i ce at TMI in 10 month s .  T o  construct the system 
in th i s  peri od would requ i re a crash program that would use standard i ndustri al des i gn cr i teri a, off- the-s helf 
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components , and no competi t i v e  b i dd i n g .  Th i s  esti mate does not consi der the need for a s u i tab l e  bui l d i ng at  

the TMI  s i te and is  based o n  other  questi onabl e a s s umpti ons . 

I n  the be st j u dgment of NRC constructi on experts , the shortest poss i b l e t i me to des i gn ,  procure , construct and 

tes t  a s u i tab l e s e l ect i ve absorbt i o n  system i s  16 month s .  Thi s t i me peri od is cons i dered by the staff to be 

an undesi rabl e de l ay i n  getti ng the c l eanup of the reactor bui l d i ng i n i t i ated . I t  i s  re l evant to note that 

the Oak R i dge Nat i onal  Laboratory , the orga n i zaton mos t  knowl edgabl e about the s e l ect i ve  abs orpti on  sys tem , 

has recommended aga i nst  us i ng that system and favors  contro l l ed purgi ng to d i spose Qf the krypton gas . 

4 .  C harcoal Adsorpt i o n  

Charcoal adsorpti on i s  a proce ss  by whi ch  the contami nated a i r from the reacto r bu i l d i ng wou l d b e  p i p e d  i nto 

l arge tanks contai n i ng charcoal . The krypton wou l d  adhere to the s urface of the charcoal  after comi n g  in 

co ntact w i t h  i t .  The charcoal from t h i s p roces s  wou l d then be  i so l ated and stored . 

The NRC staff eval uated both normal temperature and re fri gerated charcoal adso rber systems . Both sys tems  

requ i re l arge quant i t i es o f  charcoa l ; the  f i rst  34 , 000 tons  and the  second  12 , 000 ton s . D u r i ng norma l operat i o n , 

no rel eases of radi oacti v i ty wou l d  be expected .  S i nce nobl e gases d o  not react chemi c a l l y  wi th charcoa l , but 

j ust  s t i c k  to i ts s urface , l ong-term survei l l ance wou l d  be req u i red duri ng storage . The krypton-bearing 

charcoal wou l d  have to be stored (and watc hed over)  for up to 100 years to al l ow the radi oact i v i ty to d e c ay to 

i ns i gn i f i cant l ev e l s .  

The staff ' s  maj or  concern was the e n v i ronmental i mpact o f  l ong- te rm ons i te s torage , and the l o ng del ay c a u sed 

by constructi on of  the charcoal sys tem . Construct i o n  and testi ng o f  a c harcoal system wou l d  de l ay by from two 

to four years the contai nment atmosphere c l eanup . The staff cons i ders t h i s to be an i nto l erabl e de l ay in the 

overa l l c l eanup e f fo rt .  

5 .  Gas Compre s s i on  

Gas compre s s i on is  a process  by wh i c h  the ai r contai n i ng the krypton gas in  the reactor bui l di ng wou l d  be 

drawn off i nto p re s s uri zed s torage conta i ners . These pressuri zed conta i ners wou l d  then  be stored i n  s ea l ed 

secti ons o f  p i p i ng .  For examp l e ,  at a press ure of 300 pounds per  square i nch , about one  m i l l i on c ub i c fee t  o f  

p i pe , 3 6  i nches  i n  d i ameter wou l d  b e  req u i red . Th i s corresponds t o  about 2 8  m i l es o f  p i p i ng .  T h e  adva n tages 

o f  th i s  proce s s  are that it wo ul d expos e  the general  popu l at i o n  to l es s  rad i oacti v i ty than  p u rgi ng the krypton 

and gas compres s i on and i s  a known tech n o l ogy . The d i sadvantages are that two to four years wou l d  be requ i red 

to put the system i nto operati on , the krypton gas wou l d  have to be ma i ntai ned under p r e s s u re i n  storage i n  

many pres s u r i zed contai ners for app rox i mate l y  100 years , and the krypton cou l d  l ea k  at s ome t i me d u r i ng s to rage . 

The staff has concl uded that thi s a l ternat i ve i s  i mpracti cal . 

6 .  C ryoge n i c  Proce s s i ng 

C ryoge n i c  p roce s s i ng i s  the condensat i o n  of krypton-85 from the i ncom i ng ai r by bri ngi ng i t  i nto d i rect contact 

w i t h  l i qu i d  n i trogen ( - 320° F ) .  The l i q u i fi ed  krypton-85 i s  col l ected , restored to a gas form , and s tored to 

a l l ow decay .  An a l ternat i ve to sto r i ng wou l d  be to transport the conta i ners o f  the separated krypton (whether 

f rom the c ryoge n i c or  se l ecti v� abs o rpti on systems ) to a buri a l  ground o r  to a remote area and re l ea s e  the 

krypton gas to the env i ronment . 

The N RC has l ooked at several cryoge n i c  systems avai l ab l e from comme rc i a l  nuc l ear powe r p l ants . None  o f  these 

systems has been operated succes s fu l l y .  Al though the se  new systems cou l d  b e  p u rc h as e d , a new bui l d i ng wou l d  
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be required to house the system and contain any possibl e  l eakage. The c�ogenic system wou l d  be connnected to 

the piping of the existing hydrogen control system. The air  from the reactor buil ding woul d be passed through 

the fi l ters and charcoal adsorber of the hydrogen control system and then pi ped to the cryogeni c  processing 

system in the adjacent buil ding. At l east·2o months are estimated to be requi red to obtai n  a ful l y  operational 

c�ogeni c  system at the TMI s i te. Thi s  esti mate i s  based o n  NRC staff assessments and consu l tati ons with 

constructi on engineers at Oak R i dge Nati onal Laborato�. 

During the approxi mate l y  2-�-month period r�qui red to process the reactor bu i l i dng atmosphere, about 60 curi es  

of krypton-85 wou l d  be rel eased to the envi ronment wi th t�e puri f i ed effl uent from the system. Al so , some 

l eakage from the system i s  anticipated , but the staff bel i eves thi s can be m in im ized by j udi c i ous moni toring 

and a rapid  system shutdown i f  troubl e  devel ops. However , based on l i m i ted experi ence wi th these systems, 

operati on and mai ntenance are l i ke l y  to resu l t  i n  a rel at i ve l y  h i gh occupati onal dose. Des i gns have been 

proposed to store the radi oacti ve krypton on the s i te whi l e  it decays. Thi s wi l l  requi re s urve i l l ance for 100 

years and represents a continu i ng ri sk to workers at the s i te ,  as wel l as a potent i a l  source o f  anxi ety to the 

pub l i c. A l ternat i ve l y ,  buri al  or rel ease of the contami nated krypton at a remote s i te cou l d  be accompl is hed. 

However , the NRC staff b e l i eves that rel ease i n  a remote area probably would not be acceptable to local offi c i a l s 

and res i dents. 

7. Combi ned Proces ses  

The  staff eval uated combi nati ons  of  vari ous a l ternati ves, us i ng one  of the  krypton extracti o n  and  recovery 

systems , such as charcoal adsorption , gas compress i on ,  c�ogeni c, o r  selecti ve absorpt i o n  for most o f  the 

krypton ,  and purg i ng the rest to the envi ronment.  One of the krypton recovery systems would trap about 95% o f  

the- krypton ( 54 , 000 curi es) and the other 5% ( 3 , 000 cur i e s )  could b e  released to t h e  envi ronment.  The s iz e  of  

the  proces s i ng system or  the  s i ze of the  storage fac i li ty for  the  f i nal mate r i al hold i ng the  krypton wou l d be 

only about 25% to 33% of  what would be needed if there were no purg i ng used at all. Of all the comb i nati ons  

consi dered by the  staff, those us i ng smaller s i ze cryogeni c process i ng o r  selecti ve absorpt i o n  could be bui lt 

the fastest but even so would take at least one year to be operati onal . Add i t i onal t i me would then be requi red 

to complete the proce s s i ng and fi nal purgi ng .  The staff sti ll con s i ders th i s  an unacceptable delay i n  the 

overall decontami nati o n  of the reactor bu ildi ng atmosphere .  

Ons i te Long-Term Storage of  Krypton-85 

Wi th the excepti on of d i rect controlled purg i ng of the reactor bui ld i ng to the outs i de, all the proposed 

processes leave the radi oacti ve krypton to be stored ons i te, in  some form, for  about a century .  I f  a lea k  

were detected i n  an above- ground storage fac i li ty at the s i te, acti ons  could be taken  to termi nate the l e a k  by 

transferri ng the contents of the leaki ng contai ner to a new one . The staff beli eves that more study i s  needed 

i n  the selection  of  materi als for such storage contai ners, and i n  the i r  fabr i cat i o n, because of  the pos s i b i li ty 

that contai ners may corrode over the projected 100 years 4t w ill take the krypton rad i oact i v i ty to decay away . 

Transportati on and Offs i te D i sposal 

Alternati vely, the krypton gas would be appropri ately packaged and transported to a waste buri al fac i li ty for 

buri al or  taken to a remote locati on, s uch as a desert, and released to the envi ronment.  The NRC staff e s t i mates 

that the i mpact of handli ng, pac kagi ng, transportati o n  and buri al or remote release of the Kr-85 would b e  8- 24 

person- rem (total body ) .  
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Pub l i c  Hea l th and Envi ronmenta l Effects 

Phys i cal  Effects 

The NRC staff has determi ned that there are negl i g i b l e  phys i ca l  pub l i c  heal th ri s ks associ ated wi th the use of 

�of the a l ternati ves ( excepti ng the "no acti on" al ternati ve ) .  For the venti ng a l ternati ve i n  parti cular , 

i n  i ndependent analyses , the Nati onal Counc i l on Rad i at ion  Protection  and Measurements , the U . S .  Envi ronmental 

Protecti o n  Agency , the U . S Department of  Heal th , Educati on , and We l fare , and the Uni on of Concerned Sci entists 

have reached the same conc l us i o n .  Add i t i onal ly  it shou l d  be noted that , based on  the re l at ive ly  greater 

radi osens i t i v i ty of humans , purgi ng wou l d  have no adverse i mpact on pl ants or animal s .  

An esti mate o f  the total number o f  fata l cancers , res u l ti ng from purg i ng and the other a l t�rnati ves , has been 

made by the NRC staff. The total potenti a l  cancer deaths for both the 50-mi l e  popu l ation  surround i ng TMI-2 
and pl ant workers i s  esti mated to range from a mi ni mum of 0 . 0003 (purge opt i o n )  to a maxi mum of 0 . 034 ( cr)(ogen i c  

opt i on ) .  A l most a l l o f  thi s smal l ri s k  wou l d  b e  borne by workers exposed at the pl ant (purge = 0 . 0002 , 

cryoge n i c  = 0 . 034) . The tota l fatal cancer ri s k  among a l l peopl e wi th i n  50 m i l es of TMI from purg i ng would be 

about 0 . 0001.  Thi s corresponds to an average ri s k  of  0 . 000000000045 to each of  2 , 200 , 000 i ndi v i dual s l iving 

wi th i n  50 mi l es of the pl ant , i . e . , about 5 chances i n  100 b i l l i on .  

The tota l ri s k  of some type of genet i c  abnormal i ty ,  res u l t i ng from the decontami nat ion  al ternati ves , t o  the 

pub l i c  wi thi n 50 mi l es and pl ant workers has al so been esti mated .  Thi s geneti c ri s k  has been esti mated to 

range from a m i n i mum of 0 . 0005 effects (purge option)  to a maxi mum of 0 . 066 effects ( c ryoge n i c  opt i on ) .  

Agai n ,  a l most al l the ri s k  wou l d  b e  borne by workers ( and the i r descendant s )  at the pl ant ( purge , 0 . 0003 

effects ; cryogen i c ,  0 . 066 effects . The maxi mum genet i c  ri s k  to any offs i te member of the publ i c  from the 

vari ous opti ons wou l d  be 5 chances i n  100 mi l l i on ( 0 . 000000005 ) ,  compared to the current expectati on o f  a l l 

ki nds of normal l y  occuri ng geneti c effects of one m i l l i on to f i ve mi l l i on i n  100 mi l l ion ( 0 . 01  to 0 . 05 ) . 

F i nal l y ,  the NRC staff has esti mated ri s ks assoc i ated wi th deve l opment of s ki n  cancer .  A s  a res u l t  of  purg i ng ,  

a ski n dose of 11 mrem ( see Tab l e  1 . 1)  to the maxi mum exposed i nd i v i dual , i s  esti mated to res u l t  i n  a ris k of  

death of about one chance in  a b i l l i on ( 0 . 000000001) .  A popu l at ion  s ki n  dose o f  6 3  person- rem (purge option ) 

wou l d  be esti mated to cause consi derab ly  l ess  than one ( about 0 . 000006) addi ti onal s ki n  cancer deaths among 

the 50-mi l e  popu l at ion  of 2 . 2 mi l l i on peopl e .  Thi s compared wi th about 4 , 000 deaths from s ki n  cancer ( from 

other causes , pri mari ly  sun l i ght) , whi ch wou l d normal l y  be expected i n  the 50-mi l e  popu l at ion  ( a s s umi ng  75 
years l i fe expectancy) around TMI .  Other ri s k  compari sons are provi ded i n  Tab l es 7 . 2 and 7 . 3 .  

P sycho l og i cal Stress  

The  various  al ternat i ves for  decontami nat ion  of the  TMI - 2  reactor bui l di ng atmosphere are  expected by  the NRC 

staff to have di fferent psychol ogi cal i mpacts . 

The NRC staff , wi th the ass i stance of cons u l ti ng psycho l ogi sts from the Human Des i gn Group , has c ompared thes e  

t o  what a l ready has been found by some stud i es of the psycho l og i ca l  stress  e ffects of t h e  TMI acc i dent .  

Prev i ous  research s uggests that an
' 

event l i ke the  acc i de nt at TMI-2  produces two types o f  stress: s hort and 

conti nui ng .  Short-term effects or those di rectl y  re l ated to the  occurrence of  the  i nc i dent are  reported to be 

i ntense but s hort- l i ved . Some researchers have reported that whi l e  stress-re l ated i nd i cators were h i gh  shortl y  

after the acc i dent , they had d i s s i pated by m i d- s ummer of  197 9 .  The i r  fi ndi ngs suggest  that stre s s  c hanges 

wi th time , and that l ong-term mental heal th i mpl i cati on s  may be l ess  than prev ious ly  thought. 
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Based on  consul tati ons w ith psycho l ogi sts , the .staff has conc l uded that the purgi ng a l ternati ve, which can be 

imp l emented promptly, has l ess  potent i a l  for creati ng l ong-term psycho l ogi cal stres s  than those a l ternatives 

whi c h  take l onger to comp l ete. Furthermore , s i nce a prompt deci s i on on , and comp l etion of, purg i ng will be 

the fi rst major step toward eventual c l eanup of the reactor bui l di ng and decontam i nati on  of the s i te ,  it is 

anti c i pated that a majority of the publ i c  wi l l  percei ve thi s  acti on as l eadi ng to e l i m i nation of future risks 

from TMI -2. The NRC staff , based on adv i ce recei ved from i ts consul ti ng psycho l ogi sts , be l i eves that this 

publ i c  perception  wi l l  reduce the stress  and anxi ety of the publ i c. 

Radi o l ogi cal Envi ronmental Mon i tori ng Program 

The radi ol ogi cal envi ronmental mon i tori ng around the TMI s i te and nearby commun i t i e s  duri ng decontam i nati on  of 

the reactor bui l di ng atmosphere woul d be performed by ( 1) the U.S. Envi ronmental Protecti on Agency , ( 2) the 

Commonweal th of Pennsy l van i a, ( 3 )  the U.S. Department of Energy, (4)  the Nuc l ear Regul atory Commi s s i o n, and 

( 5) Metropo l i tan Edi son  Company (the l i censee) , 

The EPA i s  the l ead agency for the Federal government i n  mon i tori ng the area surroundi ng Three Mi l e  I s l a nd. 

EPA operates a network of ei ghteen ai r moni torjng stations  rangi ng from one- hal f to seven mi l es from TMI .  EPA 

wi l l  a l so  use a number of mobi l e  radi ation  mon i tori ng veh i c l es pos it i oned i n  the p redi cted downwi nd trajectory 

duri ng purgi ng. EPA wi l l  i s sue dai ly  reports of the i r  measurements to the pub l i c  duri ng the purgi ng of krypton. 

In addition  to the i r  own di rect moni tori ng, the Department of Energy and Commonweal th of Pennsy l va n i a are 

sponsori ng a Commun ity Radiation  Mon itori ng Program that i nvo l ve peop l e  from 12 communi t i e s  in an approx i mate 

5-mi l e  c i rc l e  around TMI. 

About 50 i ndividual s have comp l eted trai n i ng c l asses conducted by the Nuc l ear Engi neeri ng Department o f  Pennsyl 

van i a  State Un ivers i ty. The c l asses �nvo l ved c l as s room i nstructi ons, l aboratory tra i n i ng, and actual rad i at i o n  

moni tori ng i n  the f i e l d. The teams wi l l  use EPA gamma- rate recordi ng devi ces , wh i ch are current l y  i n  p l ace 

around TMI, and wh i ch wi l l  be supp l emented by gamma/beta sens itive devi ces be i ng furn i shed by DOE through EG&G 

I�aho, Inc. 

The trai n i ng ses s i ons were des i gned to provi de a worki ng knowl edge of rad i ati on, i ts e ffects, and detecti on 

techn i ques , and i nc l uded hands-on  experi ence with mon i tori ng equi pment i n  the fi e l d. C i t i zens wi l l  be expected 

to demonstrat� m i n i ma l  competence i n  radi ati on mon i tori ng before actual mon i tori ng efforts begi n. Fo l l owi ng 

the comp l etion  of tra i n i ng, team representatives in each of 12 sel ected areas have been gatheri ng and reporti ng 

data from the gamma and gamma/beta- sens i t i ve i nstruments on  a routi ne bas i s. 

Response to Comments 

The draft " Envi ronmenta l Assessment for Decontami nation  of the Three Mi l e  Is l and U n i t  2 Reactor B u i l di n g  

Atmosphere" (NUREG-0662) and two subsequent addenda were i s sued for publ i c  comments l ate i n  March 1980. The 

publ i c  comment peri od ended May 16. Approxi mate l y  800 responses have been recei ved, each of wh i ch fel l i nto 

one of  three categori es: ( 1) those supporti ng the purgi ng al ternati ve recommended by the NRC staff ( approx i 

mate ly  195 responses), (2) those opposed to the purgi ng a l ternati ve (approxi mate l y  5 0 0  responses), a n d  ( 3 )  

those who recommend decontami nation  al ternatives other than those di scus sed i n  the Envi ronmenta l A s s e s s me nt o r  

who otherwi se commented on the assessment ( approx i mate l y  105 responses). Sect i o n  9 of thi s report p rovi des 

the NRC staff's response to these comments. 

Cop i es of correspondence recei ved are avai l ab l e  for i nspection  and copyi ng for a fee at the NRC Pub l i c  Document 

Room at 1717 H Street, NW, Wash i ngton, D.C. 10555, and at the NRC Local  Publi c Document Rooms, State L i brary 
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of Pennsylvani a, Government Publi cati ons Secti on, Education  Bui ldi ng, Commonwealth and Walnut Street, Harrisburg, 

PA 17126, and York College of Pennsylvani a, Country Club Road, York Pennsylvan i a  . 17405. All substanti ve 

comments recei ved wi ll be publi shed i n  Volume 2 of th i s  fi nal assessment. 

Publ i c  Informati on Acti v i ti es 

In an effort to better i nform the publi c  i n  the area around Three M i le Island about the contents of the draft 

Envi ronmental Assessment ( NUREG-0662, and Addenda 1 and 2), NRC has conducted a ser i es ·of 38 i nformati onal 

meeti ngs and acti v i ti es. The staff also i ssued an easy-to- understand report that answers frequently asked 

questi ons about remov i ng the krypton from the reactor bu ildi ng. Copi es of the report, "Answers to Questions 

about Remov i ng Krypto n  from the  Three Mile Island U n i t  2 Reactor B u i ldi ng" ( NUREG-0673), are avai lable f ree of 

charge by wri ti ng to  the D i v i si on of Techni cal Information  and Document Control, U.S. Nuclear Regulatory 

Commi ssi on, Wash i ngton, D.C. 20555. 

Most of the meeti ngs held were planned by the NRC, although some were organ i zed by other i nterested groups, at 

wh i c h  NRC off i c i als were i nv i ted parti c i pants. Members of the U.S. Envi ronmental Protecti on Agency and the 

Pennsylvan i a  Department of Envi ronmental Resources (DER) were usually i nv i ted parti c i pants at these meetings. 

EPA off i c i als outli ned the i r  agency's program and respons i b i liti es for envi ronmental mon i tori ng in the vicin i ty 

of the TMI si te, wh i le State DER personnel explai ned the community moni tori ng program and other state functi o ns 

related to the clean-up of TMI U n i t  2. At these meeti ngs, NRC offi c i als expressed the i r  w illi ngness to meet 

wi th other groups of people who had an i nterest i n  rece i v i ng additi onal i nformati on on the Envi ronmental 

Assessment or clean-up operati ons at Un i t  2. 



Table 1.1. 

Environmental Impacts of Al ternatives for Removing the KryPton-85 from the Reactor-Building Atmosphere 

Method 

Reactor Buil di ng 
Sl ow Purge 

Reactor Buil ding 
Fast Purge 

E l evated (400 ft . )  
Purge 

E l evated (1000 ft.) 
Purge 

Hot Pl ume (250 ft.) 
Purge 

Bal loon/Tube (2000 ft. ) 
Purge 

Sel ecti ve Absorption  
Process System 

Charcoal Adsorption 
Systems 

Total Offsite Dose to Maximum Exposed I ndividual* 

Normal Processing 

Beta skin dose -
11 mrem 
Total body gamma dose -
0.2 mrem 

Same as above 

Approximate ly  1/8 (0.13) 
of Sl ow Purge above 

Approximately  1/230 ( 0.004) 
of Sl ow Purge above 

Approximate ly  1/30 ( 0.003) 
of Sl ow Purge above 

Approximate ly 1/300 ( 0.003) 
of Sl ow Purge above 

Less  than Cryogenic 
Process i ng System 

Les s  than Cryogenic 
Process i ng System 

Acdidents 

Beta skin dose - 25 mrem 
Total body gamma dose - 0.3 mrem 

Same as above 

Same as above 

Same as above 

i 
Same as above 

Same as above 

Absorption Process 
Beta skin dose - 6 mrem 
Total body gamma dose - 0.1 mrem 
Gas Storage 
Beta skin dose - 1700 mrem 
Total body gamma dose - 20 mrem 

Ambient Charcoal syste� 
Beta skin dose - 4 mrem 
Total body gamma dose - 0.5 mrem 
Refrigerated Charcoal System 
Beta skin dose - 124 mrem 
Total body gamma dose - 1.5 mrem 

Occupational Exposures 

1. 2 person- rem 

Same as above 

Same as above 

Same as above 

Same as above 

Same as above 

115-220 person- rem 

47 person- rem 

..... 
I ..... 

0 



Method 

Gas Compress i on 
System 

Cryogeni c Proces s i ng 
System 

Combinati on Process/ 
Purge 

No Acti on 

Tabl e 1.1 (Conti nued) 

Total Offs i te Dose to Maxi mum Exposed Indi v i dua l * 

Normal Proce s s i ng 

Les s  than Cryogeni c  
Proces s i ng System 

Beta ski n dose -
0.01 mrem 
Total Body Gamma dose -
l es s  than 0.0002 mrem 

Approxi mate l y  1/95 ( 0.01) 
of S l ow Purge above 

Beta ski n dose  - 0.01 mrem 
Total body gamma dose -
l ess  than 0.0002 mrem 

Acc i dents 

Beta ski n dose - 410 mrem 

Occupati onal Exposures 

41 person- rem 
Total body gamma dose - 5 mrem 

Beta ski n dose - 1700 mrem 
Total body gamma dose - 20 mrem 

Beta ski n dose - 1700 mrem 
Total body gamma dose - 20 mrem 

157-255 person- rem 

115-255 person- rem 

(The potential  offs i te and occupati onal 
dose from the extreme ly  l arge i nventory 
of radi oacti ve materi al  wi thi n  the 
reactor bui l di ng cannot be re l i ably 
esti mated for  l ong peri ods of 
contai nment , but is  potenti al l y  
h i gh and coul d exceed other 
a l ternati ves cons i dered . ) 

*The collective 50-mi l e  offs i te popul ati on doses resul t ing from the purgi ng al ternati ves are esti mated to 
be 0.76 and 63 person- rem for total -body and ski n doses respect i ve l y .  Al though e l evati ng t h e  re l ease 
po i nt woul d reduce these popul ati on dose esti mates , the reducti on wou l d  probably .be no greater than 10%. 

I 
� 
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2 . 0  Proposed Act ion  

The  act i on proposed i s  to  purge from the  reactor bui l d i ng at  Three Mi l e  I s l and, Un i t  2 ,  the  krypton-85 

re l eased from the damaged fue l as a res u l t  of the acc i dent on March 28, 1979.  Th i s  NRC s taff F i na l  

Envi ronmenta l Assessment responds t o  a proposal  s ubmi tted b y  Metropo l i tan Edi son Company ( the l i censee) 

for purgi ng the reactor b u i l d i ng atmosphere through the bui l di ng's exi sti ng hydrogen contro l
. 

subsystem 

( Ref .  1 ) .  Thi s Asses sment does not addres s  decontami nat i on of reactor bui l d i ng equi pment, i nteri or wal ls 

and surfaces, and treatment and d i spos i ti on of water i n  the reactor b u i l d i ng sump or i n  the reactor coolant 

system . These i ss ues  wi l l  be addressed in a Programmati c  Env i ronmental Impact Statement to be i ss ued  b)' the 

NRC staff l ater in 1980. 
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3.0 Introduction 

As a resu l t  of the March 28 , 1979 acc i dent at the TMI Unit 2 facili ty ,  significant quanti ties of radi oact i ve 

fi ssion products and part i cul ates were rel eased i nto the enclosed reactor buil di ng atmosphere because o f  sub

stantial fue l fai l ure i n  the reactor core. At the present time , the dominant radionucli de remaining in the 

reactor bui l ding atmosphere is krypton-85 (Kr-85) , which has a 10.7-year hal f-life. Based on periodi c  sampl ing 

of the reactor bui lding atmosphere since the accident, the concentration of the Kr-85 in the building is about 

1.0 �Ci /cc , yieldi ng a total i nventory of approximately 57 , 000 curi es. Reactor bui l ding atmosphere sampling 

and,analys i s  are discussed in detail i n  Section 4.0. 

At the present time the reactor is safe l y  s hut down , and i s  .being mai ntai ned that way with the damaged fuel in 

the reactor vesse l .  Reactor bui l di ng air-coo l ing equi pment i s  maintai n i ng the buil ding at a s l ightly negative 

pressure (approximate ly  - 0.7 psig) with respect to the outside atmosphere. This pres sure differenti a l  ensures 

es senti al l y  no l eakage of the reactor buil di ng atmosphere to the envi ronment. However , before the facility 

can be considered to pose no threat to pub l ic heal th and safety ,  the damaged fuel must be removed from the 

reactor vesse l  and buil di ng , pl aced in containers if necessary ,  and safe l y  stored. The radiation  l evels i n  

the reactor buildi ng are currently such that occupancy i s  severe ly restricted. Les s  restricted access to the 

reactor buil ding is required to fac i litate the gatheri ng of  data needed for pl anning the buildi ng decontami na

tion  program , and for the subsequent work required to accompli s h  decontami nati on and other c l eanup operati ons. 

Less  restri cted occupancy wil l requi re that the building atmosphere be decontaminated to protect workers from 

exposure to the beta and gamma radiation  associ ated with the Kr-85 in the reactor buil di ng atmosphere. 

On November 13 , 1979 , the licensee submitted a request to the NRC staff for authori zation to decontaminate the 

reactor buil ding atmosphere by contro l led purging ( feed and bleed) through the reactor bui l ding hydrogen 

contro l subsystem ( Ref. 1). In a l etter to the l icensee on December 18 , 1979 , the staff withheld approval of  

the  request to  purge the bui l ding and  stated that the NRC wou l d  prepare an Environmental Asses sment on  the 

subject in early 1980 ( Ref. 4). The staff reviewed the licensee's submi ttal , inc l uding the di scus s i on o f  

various a l ternatives t o  reactor buil di ng purging. A s  a result of that review , the staff requested additional 

i nformation  in the form of 33 questions on December 18 , 1979 ( Ref. 5). The l icensee responded to the staff's 

request on January 4, 1980 ( Ref. 6 ) .  Pursuant to the requi rements set forth in the Commission po l i cy stateme nt 

of November 21 , 1979 ( Ref. 7) and the February 11 , 1980 Order by the Director of the Off i ce of Nuc l ear Reactor 

Regulation ( Ref. 8) , the NRC staff prepared a draft Environmental Assessment (NUREG-0662) in March 1980 (Ref. 2). 

That assessment included the staff's evaluation of licensee modifications to the reactor building hydrogen 

·control subsystem, as well as a discussion of the need to decontaminate the reactor building atmosphere and 

alternatives to controlled purging to the environment. The original comment period for NUREG-0662 was scheduled 

to end April 17, 1980, but was extended by the Commission, at the request of the Governor of Pennsylvania, to 

May i6, 1980. This Final Environmental Assessment (NUREG-0662) is based on information and public comments 

received since publication of the draft Assessment and includes an update of the NRC staff's evaluation of 

reactor building decontamination alternatives, and an evaluation of potential physical and psychological 

health effects associated with reactor building purging. 
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4.0 Reactor Bui l di ng A i rborne Acti v i ty 

4.1 Gas Sampl i ng and Analys i s  

Three types o f  reactor b u i l di ng ai r sampl es are period i cal l y  col l ected to determi ne the nature o f  ai rborne 

contami nants i n  the bui l d i ng. Samp l e s  are taken for nob l e  gases ( i nc l udi ng Kr-85), part i c u l ate matter, and 

rad i o i odi ne acti v i ty. Ai r sampl e s  are taken from two poi nts in  the reactor bui l di ng. The sampl es are 

transmi tted through two l i nes  runn i ng from the dome to the reactor-bui l d i ng a i r- sampl e gaseous moni tor . 

Redundant i n l et and d i scharge val ves are provi ded for the system to prevent a s i ngl e-acti ve fai l ure of any 

val ve from i mpai ri ng the function  of the system. Samp l e s  are anal yzed wi th a gas chromatograph to determine 

hydrogen content and i sotop i c  compo s i t i on is determi ned wi th a gamma spectrum anal yzer. The Kr-85 gas acti v i ty 

i n  the reactor bui l di ng atmosphere is determi ned by gamma spectroscopy techni ques. I sotopi c i denti fi cation i s  

made o n  the bas i s  of the d i s crete energy l evel s a t  wh i c h  gamma rays are absorbed i n  a german i um- l i thi um (Geli ) 

detector. Part i c u l ate acti v i ty i s  determi ned i n  the reactor bu i l d i ng atmosphere by pumpi ng bui l di ng a i r  

through a f i l ter. Part i c u l ate acti v i ty i s  removed from t h e  a i r  by fi l ters, wh i ch are then anal yzed usi ng 

gamma spectroscopy. To determi ne the concentrati ons of the d i fferent types of i odi ne i n  the atmosphere, a 

sampl e of the reactor bui l d i ng a i r i s  pumped through a seri es of f i l ters. Separati on of the di fferent fo rms 

of i odi ne i s  accompl i shed based on the re l ati ve affi n i ty of  each i od i ne spec i es for a spec i fi c  f i l ter medium. 

Each fi l ter i s  then ana l yzed usi ng gamma spectroscopy .. 

I n  add i t i on to the routi ne sampl i ng for nob l e gases, part i c u l ates, and i odi ne, samp l es are obtai ned for tri t i um, 

and gross beta analyses. The res u l ts of the sampl i ng program are presented i n  the fol l owi ng secti on, "Source 

Term Deri vat i on." 

4.2 Source Term Deri vat i on 

Sampl e resu l ts to date i ndi cate that the domi nant i sotope wi thi n the reactor b u i l di ng atmosphere i s  Kr-85. 

Rad i oacti ve decay has reduced other radi oacti ve i sotopes of xenon and krypton to negl i gi b l e  quant i t i es. 

Reactor bui l d i ng gas sampl e data from May to December 1979 i nd i cate the source term for Kr-85 i s  0.78 �Ci/cc, 

wi th  a standard dev i at ion of ±0.23 �C i /cc. Si nce l ate 1979, reactor bu i l di ng gas-sampl i ng techni ques wer e  

i mproved t o  e l i m i nate sma l l samp l e  l i ne l eaks a n d  t o  a l l ow for d i rect counti ng of the sampl es.  Wi th these 

i mproved sampl i ng techn i ques, the source term for Kr-85 i s  measured to be 1 . 04 �C i /cc, wi th a sma l l er s tandard 

dev i ati on of± 0.03 �C i /cc. Thi s  smal l er standard dev i ation i nd i cates i mproved sampl i ng accuracy. Other 

nob l e  gases ( e . g., Xe-131m, Xe-133m, Xe- 133, Xe-135) have decayed to be l ow mi n i mum detectab l e  acti v i ty (MDA) 

l evel s of 1 x 10-6  �C i /cc . 

Radi oact i ve decay has reduced i od i ne l evel s i n  the reactor bui l di ng to be l ow MDA l eve l s  of 1 x 10- 9  �C i /cc. 

Part i c u l ate l eve l s, primari ly those of ces i um- 137, are l ess than 1 x 10-9 �C i /cc . Reactor b u i l d i ng a i r  s amp l es 

have been spec i fi cal ly  ana l yzed for stronti um-89/90. Those anal yses, pl us the resu l ts of gross beta ana l yses, 

show that ai rborne stronti um- 89/90 l eve l s  are sma l l ,  that i s, i n  the order of 1 x 10- 10 �Ci /cc. The a i rborne  

concentrat i on l eve l s  of  a l l the above i sotopes are measured to  be be l ow the maxi mum perm i ssi b l e  concentrat i on 

(MPC)  l eve l s  l i sted in  Tab l e  1 of Append i x  B to 10 CFR  20 ( Re f .  9).  Addi t i ona l l y, i t  shou l d  be noted that a l l 

of the decontami nat ion a l ternati ves (l i sted i n  Secti on 6 )  i nc l ude systems (e.g . , HEPA, and charcoa l fi l ters) 
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wh i ch ,  i f  uti l i zed , wou l d  further reduce the a l ready smal l a i rborne concentrati on of these i sotopes. The 

removal effi c i e ncy (99.97% or better) of these fi l ters wou l d  reduce any re l ease of part i c u l ate rad i at i o n  to 

negl i g i b l e  quanti ties . 

Ai rborne tri ti um concentrati ons i n  the reactor bu i l d i ng are measured to be approxi mate l y  8 . 4 x 10-5 �Ci /cc. 

Th i s  val ue i s  consi stent wi th the cal c u l ated esti mates of ai rborne triti um concentrati on wh i ch . i s based on 
reactor bui l d i ng re l ati ve hum id i ty and on tri ti um measured i n  the reactor bui l d i ng sump water. Th i s  

concentration  i s  10 ti mes l ower than the maxi mum permi s s i b l e ai rborne concentrat i o n  l i mi t for tri ti um l i s ted 

i n  Tab l e  1 of Appendix  B to 10 CFR 20 ( Ref .  9). 
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5 . 0 Need for Decontami nati on of the Reactor Bui l di ng Atmosphere 

5 . 1 Summary 

The reactor bui l di ng atmosphere needs to �e decontami nated i n  a t imely manner pri mari l y  to permi t the l ess 

restri cted access to the reactor bui l di ng necessary to gather i nformati on , to mai ntai n equ i pment, and to proceed 

toward total decontami nati on of the Un i t 2 faci l i ty. At present , the Kr-85 di spersed i nsi de the reactor bui l di ng 

atmosphere · l i mi ts operati ons wh i ch coul d be conducted i nsi de the bui l d i ng to prel i minary contami nati on  data 

gathering .  Fol l owi ng decontami nati on of the reactor bui l di ng atmosphere , l arger scal e act i v i t i es ,  such as deta i l ed 

radi ati on mapp i ng ,  pre l i mi nary decontami nati on , and sh iel d i ng p l acement , wi l l  be possi bl e  si nce l owered,radiati on 

exposure l evel s wi l l  reduce the need for personnel protecti ve gear . 

The eventual removal of fuel from the reactor vessel (or defue l i ng)  i s  an i mportant mi l estone i n  the overa l l 

c l eanup effort whi c h  cannot proceed unti l atmospheri c decontami nat i o n  i s  comp l eted . Defuel i ng wi l l  el i mi nate the 

smal l ,  but fi n i te ,  potent i a l  for i nadvertent core recri t ical i ty ,  wHi ch  cou l d occur , for examp l e ,  from acc i dental 

boron d i l ut ion  of the reactor coo l ant.  I n  addi t i o n , defuel i ng wi l l  e l im i nate the major source of rad i oacti ve 

material  i n  the reactor bui l di ng .  Decontami nati on of Kr-85 i n  the atmosphere wou l d  al so provi de the l ess 

restri cted access to the reactor bui l di ng needed to repair  or rep l ace core nucl ear i nstrumentation , to mai ntai n 

the reactor bui l di ng ai r cool i ng system , and to support processi ng of the reactor bui l di ng sump water . 

A l though di ffi cu l t  to quanti fy ,  present condi ti ons i nsi de the reactor bui l di ng pose risks to the physi cal  and 

psychol ogical  heal th of resi dents i n  the Harri sburg-Mi ddl etown area.  Publ i c  heal th risks ,  i nc l udi ng psycho l ogi cal 

stress , wi l l  cont i n ue to be a concern throughout the c l eanup process .  I n  the  NRC staff's op i ni on ,  e l i m i nat i on of 

these risks requ i re a safe and expedi ti ous comp l eti on of !l! c l eanup act i v i t i es at the si te .  Decontami nati on  of 

the reactor bui l d i ng atmosphere i s  the next requi red step i n  ach i eving th i s  goal . 

5 . 2 Di scus s i o n  

T»e TMI-2 reactor i s  presently be i ng mai ntai ned safely  shut down , wi th damaged f u e l  i n  t h e  reactor vesse l . The 

extent of fue l damage and the present core confi gurati on are unknown . It is i mportant that the reactor conti nue 

to be mai ntai ned subcri ti cal and that the damaged fuel i ns i de the reactor be removed from the reactor vesse l and 

pl aced in a safe confi gurati on to e l i mi nate any potenti a l  for core recri ti cal i ty .  

A s  the mi n i mum negati ve i mpac t ,  core recri ti cal i ty wou l d  res u l t  i n  the product i o n  of addi ti onal radi oacti ve 

materia l  whi ch wou l d  requi re decontami nat i o n .  Core recri ti cal i ty cou l d a l so  l ead t o  further degradation  of the 

reactor coo l ant system and the pos s i b i l i ty of uncontro l l ed re l ease of radi oacti v i ty to the envi ronment.  

The l i censee is  presently re lyi ng on  boron i njected i nto the reactor cool ant system to mai ntai n the core s ub

cri t i cal . Normal ly , thi s funct ion  i s  accompl i shed by i nsert i ng contro l rods i nto the core . Duri ng the acc i dent , 

however , it is bel i eved that some of the contro l rod materi a l  melted and may have drai ned out of the core . At 

present , most i nstrumentati on provi ded for mon i tori ng reactor neutron f l ux ,  and therefore provi di ng feedback on  

·boron effecti veness , i s  i noperab l e .  On ly  one nucl ear i ns trument channel  is  operati ng .  I f  thi s i nstrument fai l s ,  

d i rect measurement of neutron f l ux i n  the reactor core wou l d  not be possi b l e .  I t  wou l d  then be necessary to i nfer 

the status of the core by peri odi c sampl i ng and analys i s  of boron concentrati on in the reactor coo l ant.  Al though 

the staff consi ders the potenti al for core recri ti cal i ty to be of l ow probabi l i ty ,  it wi l l  be a number of  years 

before defue l i ng is anti c i pated . In the i nterests of pub l i c  and worker heal th and safety , the staff bel i eves that 

removi ng the fuel in a t i me l y  fas h i o n  wi l l  e l i m i nate the potenti al ri s k ,  no matter how smal l ,  associ ated with  the 

core in i ts present condi t i o n .  Si nce decontami nati on of the reactor bui l di ng atmosphere i s  the necessary next 

step in the path l eadi ng to core defue l i ng ,  it shou l d  be undertaken i n  a safe and expedi ti ous manner.  Purgi ng the 

reactor bui l d i ng can achi eve both of  those goal s. 
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Whi l e  acti v i t i e s  l eadi ng  to core defuel i ng are be i ng underta ken , it wi l l  be necessary to conti nue di rect c o re 

mon i tori ng .  To a l l ow the  remai n i ng core mon i tori ng i nstrumentat i o n  to dete r i o r i ate wou l d  pose add i t i onal r i s ks to 

the  publ i c  and to wo r ke r s  because of the  potenti a l  for  core rec r i t i cal i ty to res u l t  i n  the generati on  of mo re 

radi oacti ve fi s s i on p roducts at Three Mi l e  I s l and . Shou l d  th i s  exi sti ng i nstrumentat i o n  fa i l i t  wi l l  be neces s a ry 

to decontam i nate the reactor bui l d i ng atmosphere to ac h i eve the access  necessary to repa i r  or rep l ace the m .  

A t  present , rad i at i o n  l eve l s  i n  t h e  reactor bui l d i ng a t  t h e  305- a n d  347-foot e l evati ons  wou l d  res u l t i n  t o t a l  

body d o s e  rate s of approxi mate l y  2 . 3 rem/hour a n d  1 . 3 rem/hour , respect i v e l y .  I f  a reactor bui l di ng entry i s  m a de 

p r i o r  to decontami nat i o n  of the atmosphere , heavy protec t i v e  c l oth i ng and equi pme nt wi l l  be requi red .  The  nece s 

sary gear , i nc l udi ng  s e l f- contai ned respi ratory equi pment , rad i at i o n  detectors , commu n i cati ons equi pment. p e r

sonnel  dos i meters , and p rotecti ve c l othi ng wou l d  we i gh approxi mate l y  85 pounds and wou l d hamper  the movem e n t  

neces sary for workers to perform decontami nat i o n  or  mai ntenance - r e l ated tas ks i ns i de t h e  bui l di ng .  Heavy p r o 

tect i ve c l oth i ng wou l d  be expected to s h i e l d wor kers from essenti a l l y  a l l o f  t h e  d i rect beta rad i at i on  from the 

krypton c l oud ( 150 rem/hour to  u n s h i e l ded s ki n ) , a l though some diffus i o n of the  krypton through the s u i t  wo u l d  

probabl y  occu r .  T h i s c l oth i ng ,  however , wou l d  not protect workers from gamma rad i at i o n  o r  from h i gh-energy 

beta- emi tti ng radi onuc l i des wh i c h are be l i eved to contam i nate s u rfaces i ns i de the bui l d i ng .  

Decontami nati on  o f  the reactor bui l d i ng atmosphere wou l d  reduce the total body dose rate by 30% on  t h e  305- foot  

e l evati on and by 75% on  the  347-foot e l evati on ( the operati ng f l oor)  to  1 . 6 rem/hour and 0 . 3 rem/hou r , re s p e c 

t i v e l y .  The dose- rate val ues s hown be l ow p rov i de an examp l e  o f  expected dose  rates accru i ng to an i nd i v i d u a l  i n  

se l f- contai ned breath i ng apparatus and protect i ve c l oth i ng .  

Dose Rate ( Rem/Hou r )  

Rad i at i o n  

E l evati on  305 Feet Before Decontam i nati on  After Decontami nati on  

Gamma ( tota l body )  2 . 3 1 . 6 

Beta ( s k i n )  0 . 8  0 . 8  

Rad i at i o n  

E l evat i on 347 Feet Before Decontam i nat i o n  After Decontami nati on  

Gamma ( total body ) 1 . 3 0 . 3 

Beta (s ki n )  1 . 2 1 . 2 

I t  s hou l d  be noted that Kr-85 beta s ki n  dose ( approx i mate l y  150 rem/hour)  i s  not a factor i n  th i s  examp l e  due to 

the  presence  of p rotect i ve c l oth i ng before decontami nat i o n  and e l i mi nati o n  of Kr-85  beta radi at i on after d e c o n

tami nat i o n .  Deco ntami nat i o n  of the reactor bui l d i ng atmosphere , then , i s  necessary to reduce worker r i s k  from 

gamma tota l - body exposures from Kr-85 and to e l i m i nate and the r i s k  and i neffi c i ency of worki ng i n  burdensome pro

tecti ve c l oth i ng ( i nc l ud i ng ri s ks i nvol v i ng teari ng the p rotecti ve s u i t  and wor ker i nj u r i e s  due to fal l i ng) . 
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The reactor bui l di ng atmosphere , whi ch is  at 100% re l at i ve humi d i ty ,  is  currently bei ng mai ntai ned at approx i 

mate ly 75°F by the reactor bui l d i ng ai r-cool i ng system . Th i s cool i ng act ion  i s  mai ntai n i ng the reactor bui l ding 

at a s l i ght negat i ve pressure (approxi mate ly - 0 . 7 p s i g ) wi th respect to the outs i de atmosphere . Th i s  p res s u re 

di fferentia l  prevents l eakage of the reactor bui l di ng atmosphere to the envi ronment.  Other factors that affect 

the pressure di fferentia l  between the reactor bu i l d i ng atmosphere and the outs i de atmosphere i nc l ude : (1) p ressure 

d i fferenti a l s caused by wi nd currents over and around the bui l di ng ,  (2) chanqes i n  barometri c pressure , (3) changes 

in external ai r temperatures , and (4)  the sol ar heat l oad on  the bui l di ng .  The bui l di ng ai r- cool i ng fans ( four 

operati ng ,  one standby) were qual i fi ed for three to four hours of conti nuous operat i o n  i n  a 100% rel ati ve hum i d i ty 

envi ronment.  Four fans have been operati ng near ly  conti n�ous ly  s i nce the March 28 , 1979 acc i dent i n  a h i gh

humi d i ty envi ronment . It i s  not known i f  the standby fan i s  operab l e .  The operati ng fans can reasonabl y  be 

expected to fai l sequenti a l ly  over a peri od of  t i me .  The i r  sequent i al fai l ure wou l d  res u l t  in a decrease of heat 

removal capabi l i ty from the reactor bui l di ng atmosphere and coul d u l t i mate ly cause the atmospheri c pressure i n  the 

reactor bui l di ng to i ncrease and become pos i ti ve re l at i ve to the outs i de atmosphere .  The NRC staff h a s  cal c u l ated 

that for worst-case cond i t i ons ( i . e . , a l l fans fai l ) ,  thi s press ure cou l d  ri se to as h i gh as four p s i g .  The 

reactor bui l di ng has a des i gn l eakage rate of 0 . 2% by wei ght per day at 60 ps i g .  The meas ured l eakage rate o f  the 

reactor bui l di ng duri ng i ts most recent l eak- rate test (conducted i n  ear ly January 1978) was 0 . 095% by we i ght per 

day at 56 ps i g .  Based on the re l ati ons h i p  between observed l eak rate and di fferent i a l  pressure , the staff c a l cu

l ates that uncontro l l ed l eakage of  Kr-85 from the reactor bui l di ng wou l d  not exceed f i ve cur ies  per day .  T h e  

correspondi ng beta s ki n  dose t o  the person rece i vi ng maxi mum exposure from thi s l eakage wou l d b e  dependent o n  

l ocal meteorol ogy ( i . e . , the d i spers i on factor or  X/Q ) wh i ch typ i cal ly  vari es from 1 x 10-4 t o  1 x 10- 7 sec/rn3 . 

Thus , the one- day dose cou l d  vary from approxi mate ly 0 . 02 mi l l i rems to 0 . 00002 mi l l i rems . I n  v i ew of the fac t 

that the annual average X/Q i s  approxi mate ly 6 . 7 x 10-6 sec/m3 and uncontro l l ed l eakage from the reactor bu i l di ng 

wou l d  i nvo ) ve smal l amounts of Kr-85 , the staff does not con s i der such l eakage l i ke l y  to threaten the hea l t h  and 

safety of the publ i c .  However ,  based o n  past publ i c  response t o  re l at i ve l y  smal l l eaks o f  gaseous effl uents to 

the envi ronment , (e . g . , l eakage from the makeup and puri f i cati on system res u l ti ng in a gaseous di scharge of  0 . 3 Ci  
of Kr-85 on February 11 , 1980 ) , the staff bel i eves that future uncontro l l ed l eaks coul d generate s i gn i f i cant 

psycho l ogi cal stress  in  the commun i ty .  I n  the staff ' s  vi ew ,  a contro l l ed purge , wh i c h  is  pub l i c l y  announced, 

ful ly mon i tored , and conducted duri ng favorab l e  meteoro l ogi cal condi ti ons , is preferab l e  to uncontro l l ed l ea kage . 

The reactor bui l di ng coo l i ng system wi l l  al so perform a v i tal funct i o n  fo l l owi ng decontami nati on of the reac tor 

bui l di ng atmosphere . Thi s system wi l l  be needed to ma i ntai n a reasonab l e  worki ng env i ronment i ns i de the b u i l d i ng 

and al l ow expedi ti ous bu i l d i ng decontami nat i o n  and defuel i ng act ivi t i e s .  Decontami nat i o n  of  the reactor b u i l d i ng 

atmosphere wou l d  a l l ow for coo l i ng system ma i ntenance and avo i d  recovery effort de l ays that mi ght accompany c oo l 

i ng system fai l ures . 

A l though a di scuss i on of systems and a l ternati ves for process i ng the reactor b u i l di ng s ump· water i s  not appro

pri ate for thi s document (the forthcomi ng Programmati c Envi ronmental Impact Statement is  the appropri ate doc ument ) , 

access  to the reactor bui l di ng wi l l  be necessary to effecti vely s upport proces s i ng th i s  water .  Shou l d NRC approve 

a system for process i ng the sump wate r ,  the l i censee wi l l  requi re l ess  restri cted access to the reactor bui l di ng 

to s upport proces sing with area was hdowns .  Area was hdowns wil l as s i st  i n  the removal of the crud and fi l terab l e  

mater ia l  that wou l d  otherwi se adhere to the wal l s  and s urfaces i n  the basement o f  the bui l d i ng a s  water l ev e l s  

dec l i ne .  The pri mary reason for these was hdowns i s  t o  protect workers from d i rect or  ai rborne ( from dryi ng out) 

sources of rad i at i o n  from the wa l l s .  Area was hdowns wi l l  not be poss i b l e  un l ess  the reactor bui l d i ng atmos p h e re 

i s  decontami nated . 

Last l y , the NRC staff be l i eves expedi ti ous decontami naton of the reactor bui l d i ng atmosphere i s  necessary to 
reduce l ong-term psycho l ogi cal stress in the TMI area by shorteni ng the t ime necessary to compl ete the enti re 

c l eanup project.  





6 . 0  Decontami nati on  Al ternati ves 
6 . 1 No Act i o n  

6 - 1  

The N R C  staff h a s  cons i dered t h e  pos s i bi i l ty that no acti on b e  taken t o  decontami nate t h e  TMI - 2  reactor bui l di ng 

atmosphere. Thi s a l ternati ve wou l d  nece s s i tate retai n i ng the radi oacti ve gas wi th i n the reactor bu i l d i ng .  Thi s 

opt ion  has been rejected , however , as total ly  i nappropri ate for several reasons. 

Fi rst , taki ng no act i o n  wou l d s ubj ect the publ i c  to potent i a l  hea l th and safety ri s ks whi c h  exceed those of any 

other al ternat i ve ,  cons i dered wi th i n  thi s E nvi ronmental Assessment , for decontami nat i ng the reactor bu i l d i ng 

atmosphere. The potenti a l  r i s ks associ ated wi th taki ng no act i o n  are d i scussed i n  detai l i n  Secti o n  5.0 . These 

ri s ks i nc l ude pos s i b l e  core recri ti cal i ty and correspondi ng production  o f  add i t i onal  rad i oacti ve materi a l s. The 

NRC staff bel i eves that mi n i m i zi ng these r i s ks depends on acces s  of  workers to the reactor bui l di ng to permi t 

conti nuation  of acti v i t i es  l eadi ng to eventual defue l i ng .  Thi s access ,  i n  turn , depends on the  decontami nati on  

of  the reactor bui l d i ng atmosphere . 

An i ndepth d i scus s i on of both publ i c  heal th and occupati ona l r i s ks res u l ti ng from the emp l oyment of other deconta

mi nati on  al ternat i ves i s  presented i n  the fo l l owi ng s ubsect i ons . Publ i c  heal th r i s ks for a l l a l ternati ves have 

been determi ned to be negl i g i b l e .  

6 . 2 Reactor B u i l di ng Purge Systems 

6.2.1 I ntroducti on  

A number of  purge methods coul d  be used to decontami nate the reactor bui l d i ng a�osphere . The staff has 

eval uated four purg� methods whi ch cou l d  be i mp l emented uti l i zi ng exi sti ng pl ant systems and structures and two 

other purge methods whi ch wou l d  requ i re e i ther new or modi f i ed p l ant systems and structures. Those methods 

i nc l ude : (1)  a s l ow purge us i ng the exi sti ng hydrogen contro l s ubsystem wi th re l eases from the unmodi f i ed 

160- foot p l ant vent stac k ;  ( 2 )  a fast purge us i ng the exi st i ng hydrogen contro l  subsystem and reactor bu i l d i ng 

purge system wi th re l eases from the 160- foot p l ant vent stac k ;  ( 3) an e l evated purge us i ng the exi sti ng hydrogen 

control s ubsystem and reactor bui l di ng purge system wi th re l eases f rom the p l ant vent stack e l evated to 400 

feet ; and (4) an e l evated purge us i ng the exi sti ng reactor bui l di ng purge system with  re l eases from a new 

1000- foot stack .  

I n  addi t ion , the staff has  eval uated two methods of  purgi ng proposed by the Un i on of  Concerned Sc i enti s ts i n  a 

report s ubmi tted to the Governor of Pennsy l vani a  ( Ref .  3). The two methods proposed are re l ease of a heated 

p l ume from a 250- foot refractory l i ned stack and an e l evated re l ease at 1000 to 2000 feet through a re l ati vely 

l i ght-we i ght tube hel d  a l oft by a tethered bal l oo n .  

6.2.2 Sl ow Purge 

The hydrogen contro l subsystem was ori gi nal l y  i nstal l ed for use as a backup system to the hydrogen recombi ners. 

The system i s  bei ng mod i f i ed to a l l ow vari ab l e  fl ow rates up to a maxi mum o f  1000 cfm .  Actual purge rates 

duri ng a purge wou l d  be dependent on meteoro l ogi cal cond i t i ons and reactor bu i l di ng concentrati ons  of Kr-85; 

The hydrogen contro l subsystem wou l d  wi thdraw the reactor bu i l d i ng atmosphere through a f i l ter system , mon i to r  

the effl uent rad i oacti vi ty l eve l s ,  a n d  di scharge t h e  effl uent thro ugh t h e  160-foot p l ant vent s tack to the· 

envi ronment. 
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These re l eases  wou l d be made based on exi sti ng.  meteoro l og i ca l  conditi ons s uc h  that re l ease rates of  rad i oact i ve 

mater i a l s wou l d  be contro l l ed to ensure that the requ i rements of 10 CFR Part 20 , the des i gn objecti ve s o f  10 CFR 

Part 50 , Appendi x I ( Ref .  11) and the app l i cab l e  requi rements of 40 CFR Part 190 . 10 (Ref .  12) are not exceeded . 

6 . 2 . 2 . 1  System Descripti o n  and Operat i o n  

T h e  proposed purge of the Unit  2 reactor bui l di ng atmosphere t o  the envi ronment wou l d  use t h e  hydroge n control  

subsystem of  the  reactor bu i l d i ng venti l ati on  system . Radi oacti ve gases purged from the  rea.ctor bui  1 ding woul d 

be di l uted wi th  the exhaust ai r from the auxi l i ary and fuel bui l d i ng venti l at i on systems and rel eased throug h  

the U n i t  2 vent stack ,  whi ch i s  160 feet above grade l evel . The major components o f  th i s  system i nc l ude : a n  

exhaust fan , i so l at ion  val ves , fi l trati on  system , a n d  a rad i at i o n  moni tori ng system. The fi l trat i o n  system 

cons i sts of  a prefi l te r ,  a HEPA fi l ter , an acti vated c harcoa l  fi l te r ,  and a downstream HEPA fi l ter .  Repl acement 

ai r to the reactor bu i l di ng wou l d  be s upp l i ed through the reactor bui l di ng pressuri zation  val ve .  

The s l ow rate purge a l ternative recommended by the NRC staff woul d b e  carri ed out with i n several l i mi ting 

condi ti ons . Most i mportantl y ,  purgi ng wou l d be contro l l ed to l i m it  the cumul ati ve maxi mum i nd i v i dual offs i te 

dose resu l ti ng from the purge to l ess  than the annual dose des i gn objecti ves ( 5  mrem total body , 15 m-rem s ki n) 

of Appendix  I to 10 CFR  Part 50 ( Ref .  11) . Doses wou l d  be trac ked duri ng actual purgi ng by us i ng rea l - t i m e  

meteoro l ogical  data t o  cal cu l ate hourly dose rates i n  affected sectors s urroundi ng the p l ant. (The regi on 

around TMI i s  d iv i ded i nto 16 di recti onal  sectors ; wi nd d i recti onal changes duri ng purgi ng. wi l l  res u l t i n  

di fferi ng dose rates for i ndivi dual sectors . )  

Cumul ati ve dose , based on these cal cul ated dose rates i n  each affected sector ,
.
wou l d  be updated hourl � t hroughout 

the purge process . No hypotheti cal person i n  any sector wou l d  be permitted to rece i ve a dose i n  exc e s s  o f  the  

Appendi x I dose  des i gn objecti ve . For  examp l e ,  if  the  cal cu l ated cumul ati ve dose  to  a hypotheti cal  p e r s on , 

based on actual  Kr-85 re l ease rates a�d real -time meteoro l ogy , reached the annual Appendi x  I total body ( 5  mrem) 

or beta ski n ( 15 mrem) dose objecti ve i n  the North sector , purgi ng wou l d  be d i sconti nued when exi sti n g  w i nd 

condi ti ons  cou l d  res u l t  i n  any i ncremental i ncrease i n  dose to the North sector.  

In  add i ti on  to Appendi x I constrai nts , the s l ow purge procedure wou l d  be l i mi ted by the exi sti ng Three M i l e  

I s l and effl uent re l ease techni cal spec i f i cati ons for nob l e  gases ( Ref .  13 ) .  These spec i f i cations  consist  o f  an 

i nstantaneous re l ease rate l i mi t and a quarterly  average rel ease rate l im i t .  A l though these spec i f i c at i ons  have 

dose l i m i tati ons as the i r  bases , they have been i mpl emented as nobl e gas re l ease rate l i mi ts .  Rel eas e rate 

al one determi nes  conformance o r  non-conformance wi th the _ t�chni cal spec i fi cati ons . As appl i ed to  the s l ow p u rge 

rate a l ternat i ve ,  the technical  spec i fi cati ons  effective l y  apply on ly  to Kr-85 s i nce 1 t fs th·e relnai n t-ng nob le 

gas in the reactor bui l d i ng .  

O n e  Kr-85 re l ease rate techni cal spec i fi cat i o n  req u i res that the i nstantaneous rate not exceed 45 , 000 � C i / s e c . 

Thi s  i nstantaneous l i m i t  i s  deri ved from the annual average X/Q* ( 6.7 x 10- 6 sec/m3) for the TMI s i te and t h e  

max i mum permi s s i b l e  concentration  (MPC) for Kr-85 i n  unrestri cted areas ( 3  x 10- 7 !JCi /cc) as  l i sted i n  10 C F R  

20 , Appendi x B ,  Tabl e 2 ,  Col umn 1 ( Ref .  9 ) .  Th i s  spec i fi cati on  provi des for s hort-term operati onal  f l e x i b i l i ty .  

Any extended re l ease at thi s re l at ive l y  h i gh rate wou l d qui c kly  become l i mi ti ng t o  operat i o n  because the 

cumu l at i ve Append i x  I dose restriction  al so l i mi ts the conduct of the purge a l ternati ve ( Ref .  11) . 

A quarterl y  averaged re l ease rate techni cal spec i f i cati on l i mi t of 7200 !JCi /sec , based o n  a more res t ric t i ve X/Q 

val ue (4 . 2 x 10- 5 sec/m3) ,  wou l d  a l so  be app l i cab l e  to a s l ow purge . Th i s quarterly  averaged re l ease  rate l i m i t  

i s  based on not exceedi ng ,  i n  one quarte r ,  four t i mes  the annual Appendix  I dose des i gn objecti ve .  Agai n t h i s 

'See the G l os sary for a defi n i t i o n  of X/Q . 
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specification provides for relatively short periods of operational flexibility because relatively high release 

rates (and hence dose rates)  can be averaged in a quarter wi th  relatively low release rates. Cumulative 

Appendix I dose, however, cannot be exceeded. 

The dose rate during a purge period is dependent on the product of three variables ;  the Kr-85 release rate , 

meteorological dispersion factor (X/Q) and the Kr-85 dose conversion factor. Only the Kr-85 dose conversion 
mrem-m3 factor is a fixed value, Ci- sec While meteorology (X/Q, sec/m3) cannot be controlled during a purge, re l ease  

rate (Ci/sec) can be adj usted to  limit the  res ulting dose  rate. During periods of less  favorable meteorology, 

therefore, release rates can be selectively reduced to maintain desired dose rate levels. Detailed licensee 

procedures for maintaining acceptable purge dose rates during varying meteological conditions by adj usting 

release rates, have been reviewed and approved by the NRC staff. I n  addition, members of the NRC onsite staff 

will mon i tor the licensee's actions during the entire purge. 

At the onset of the slow purge scenario, purge rates would be expected to be in the range of 50 to 75 cfm. As 

the Kr-85 concentration in the reactor building decreases, the purge rate would be increased to a maximum of 
approximately 1000 cfm. The purge rate during any period would be dependent on the aforementioned limiting 

conditions. 

The incremental dose (mrem) for each purge period is obtained from the product of the dose rate (mrem/sec) and 

time duration (sec) of the period. The total dose due to the entire purge of 57, 000 Ci of Kr-85 is obtained by 

s umming the individual incremental doses from each purge period. The staff estimates that over a 60-day pe riod 

it would require approximately 30 days of actual purging to reach the MPC level of 1 x 10- 5 �Ci/cc in the reactor 

building. 

During purge operations with the hydrogen control subsystem, makeup air would be s upplied to the reactor building 

through the reactor building pressurization valve. This ensures that air would flow i nto the reactor bui lding 

and a small negative press ure relative to the auxiliary building would be maintained with the hydrogen control 

s ubsystem exhaust fan. The reactor building pressurization valve is interlocked with the exhaust fan to s hut 

when the fan stops. Nevertheless,  there is the potential for bac kflow of contaminated reactor building a i r 

through the reactor building pressurization valve to the 328-foot level of the auxiliary building if the reactor 

building press ure is not maintained slightly negative with respect to the auxiliary building. General area 

radi ation monitors in the auxiliary building would detect the radioactivity to signal for isolation of the 

reactor building by stopping the purge. 

Flow rate, temperature, and radiation level of hydrogen control subsystem flow would be monitored during purging 

operations. System flow rate, temperature, and radiation level are measured at the hydrogen control s ubsystem 

fan di
_
scharge point. General area radiation levels around the filter housing on  the 328- foot level of the 

auxiliary building would be monitored by a local radiation monitor. General area radiation monitors have l ocal 

and remote readouts in the Unit 2 control room. 

Table 6.2- 1 provides a list of the major  components used in the hydrogen control s ubsystem. The s ubsystem 

exhaust fan is interlocked to stop automatically and valves close automatically to iso1 ate the system if high 

activity is detected in the effluent. 

Figure 6.2-1 provides a flow diagram of the hydrogen control s ubsystem. Modifi cations  to the hydrogen control 

s ubsystem would include (1) replacing the hydrogen control subsystem exhaust fan with a fan capable of producing 

a maximum flow of 1000 cfm, (2) recommissioning the auxiliary building and fuel- handling building filter train s � 

(3) calibrating and reactivating the stac k monitor, (4)  securing the supplementary filter train by turning off 

the supplementary fans and closing the isolation door from the stac k inlet plenum to the filters, and ( 5 )  uncap

ping the plant vent stac k. 
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Tab l e  6 . 2- 1 �drogen Contro l Subsystem 

Effects of Los s  
Syste11 Operator of Operator Auto-Acti on I nterl ocks 

Fan AH-E-:34 E l ectri cal Reduced f l ow Stop fan H i gh acti v i ty 
thru system on HPR-229• 

Pressure Sens- E l ectri ca l  Fai l  as; i s  None None 
i ng Li ne 
I so l at i o n  
Val ves A-VS & 
AH-V6 

RB Pressuri - A i r  operated Val ve fai l C l oses on Whe n  fan AH- E-34 
zati on c l osed l os s  of s tops , val ve 
Val ve AH-V7 power shuts 

RB Hydrogen E l ectri ca l  Fai l as i s  None None 
Contro l motor-opera-
Val ve AH-V25 ted l ocal 

control 

RB Hydrogen Ai r operated Fai l c l osed Opens when fan None 
Contro l D i s- starts 
charge 
Val ve AH-V36 

Reactor B l dg .  Ai r operated Fal l c l osed None None 
Hydrogen Con-

·trol I so l a-
tion Val ve 
AH-V52 

AH-V- 3A , 8 Ai r operated Fai l c l osed Fai l c l osed None 
RB I s o l at i o n  on h i gh l oss of power 
Val ves radi ati on ,  

*Moni tor mounted in the exhaust duct downstream of the exhaust fan . 
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6 . 2 . 2 . 2 Occupati onal Expos ure 

The des i gn cri teri a for the exi sti ng hydrogen contro l subsystem i s  cons i stent wi th the " as l ow as reasonab l y  

achi evab l e" gui dance of  1 0  C F R  Part 2 0  and Regu l atory Gui de 8 . 8 ( Ref .  14) .  Control duri ng a purgi ng i nterval  

woul d  be exerc i sed remote l y  from the  Uni t 2 contro l room . However , an auxi l i ary operator wou l d  be requ i red to 

be i n  the auxi l i ary bui l d i ng duri ng system operat i o n .  Thi s operator wou l d  have commun i cati on  t ies  wi th the 

contro l room and be stati o ned i n  a l ow- radi at ion  area . 

The dose to operators dur i ng process i ng wi l l  be approxi mate ly 0 . 8 person- rem .  Chang i ng the two HEPA f i l ters 

wi l l  a l so con�ri bute to occupati onal exposure . These f i l ters have a s urface dose rate of  approxi mate ly  0 . 17 

R/hr and fi l ter changeout wi l l  requi re approximate ly one- ha l f hour per f i l ter.  I t  i s  expected that the fi l ters 

wi l l  be changed on ly  once at the end of  the purge operati on , res u l t i ng i n  approxi mate ly  0 . 4  person- rem . There

fore , the total exposure for process i ng and fi l ter changeout wou l d  be approxi mately  1 . 2 person- rem . 

6 . 2 . 2 . 3 Envi ronmental Impact 

S l ow Purge - Usi ng the Hydrogen Contro l Subsystem Wi th Rel ease from the Unmodi fied  160-foot P l ant Vent Stac k .  

Based on the  re l ease of 57 , 000 c i , and  the  annual average di spers i on factor of  6 . 7 x 10-6  sec/m3 , the beta s k i n 

dose i s  esti mated to be 11 mrem and the gamma total body dose i s  esti mated to be 0 . 2 mrem. These numbers represent 

the  maxi mum dose  that coul d occur to  an i nd i v i dual present at the  s i te boundary for  70% of the  re l ease peri od .  

I n  the  staff ' s  eval uati on , an annual  average X/Q is  used  to  cal cu l ate offs i te concentrat i o n  and dose . The  

annual average X/Q is  used because pred i cti ons of actual meteoro l ogi cal cond i ti ons for a parti cu l ar t i me are 

i mposs i b l e .  However ,  the probab i l i t i es are h i gh for hav i ng hourly atmospher i c  di ffus i on condi ti ons  duri ng any 

season that wou l d provi de a cons i derab l y  l es s  conservati ve X/Q than the annual average X/Q used by the staff i n  

the i r  eval uat i o n .  

T h e  dose rece i ved by the popu l at i on res i di ng i n  t h e  50-mi l e  rad i us around t h e  reactor d u e  to t h e  re l ease of  the 

57 , 000 C i  of  Kr-85 was eval uated .  The methods used for thi s cal cu l ati o n  are descri bed i n  Regul atory Gu i de 1 . 109 

( Ref .  15) .  A standard gri d was emp l oyed whi c h  segmented the popu l at i o n  i nto 160 e l ements . Thi s gri d contai ns 

16 sectors ( N  c l ockwi se through NNW) each centered on  the appropri ate di rect i o n .  E a c h  sector i s  d i v i ded i nto 

segments at standard d i stances of 2000 ft ( . 37 mi ) ,  1 ,  2 ,  3 ,  4 ,  5 ,  10 , 20 , 30 , 40 , and 50 mi l es .  The meteoro

l ogi cal  di spers i o n  parameters whi ch were used were the same as  those that were used for the F i nal  Suppl ement to 

the F i nal  Envi ronmental Statement for Three Mi l e  I s l and Nucl ear Stati on , U n i t  2 ,  ( NUREG-0112 ) , i s s ued December 

1976 ( Ref .  16) .  

The meteoro l ogical  di spers i on parameters represent annual average cond i t i ons  and were deve l oped o n  the bas i s  of  

h i stori cal  data co l l ected at the s i te .  The 1980 popu l at i o n  was taken from NUREG-0558 ( Popu l at i o n  Dose and 

Heal th Impact of the Acc i dent at the Three Mi l e  I s l and Nucl ear Stat i o n )  ( Ref .  17) . 

The 50-mi l e  popul at ion  dose ca l cu l ated by th i s  method i s  0 . 76 person- rem total body due to the gamma component 

of krypton decay and 63 person- rem s ki n  due to the beta component of the krypton decay .  

6 . 2 . 2 . 4  Acc i dent Analys i s  

The components for the purge system are l ocated i n  the U n i t  2 auxi l i ary bui l d i ng .  A major rupture i n  the purge 

system would a l l ow Kr-85 to be re l eased to the auxi l i ary bui l di ng .  Any Kr-85 re l eased t o  thi s bui l di ng woul d  b e  

exhausted through t h e  auxi l i ary bui l di ng venti l ati on system t o  the p l ant stac k .  Th i s  path wou l d  b e  t h e  same 

rel ease pathway as that for the normal purge system. 
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The worst-case acc i de n t  wou l d  be a n  i nadvertent i n i t i at i on  of the purge system at max i mum f l ow o f  1000 c fm wi t h  

a Kr-85 concentrat i o n  i n  the reactor b u i l d i ng atmosphere o f  1 uC i /cc . I n  our  ana lys i s  we a s s umed that 3 0  m i n u t e s  

were requ i red f o r  t h e  operator t o  detect t h e  l ea �  and i so l ate t h e  system .  The 30 mi n utes used  in  t h i s a n a l ys i s  

i s  extreme l y  conservat i ve and was used o n l y  for cal c u l at i onal  purposes . D ur i ng  actual operat i o n  a h i g h  rad i at i o n  

a l arm mo n i tor  wou l d  automati cal l y  stop the hydroge n control  s ubsystem p u rge fan and  val ve c l o s u re wo u l d  a u t o 

mati cal l y  i so l ate t h e  reactor bu i l d i ng .  

I n  a 30-mi nute peri od , a tota l o f  850 c u r i es wou l d  be re l eased . For  conservati sm , the meteoro l ogi cal  d i spers i o n 

parameter ( X/Q ) used for  th i s acc i dent scena r i o  was 6 . 8 x 10- 4 sec/m3 wh i c h  i s  100 t i mes h i g h e r  than t h e  a n n u a l  

average val ue . U s i ng  Regul atory Gui de 1 . 109 ( Re f .  15) , the  staff ca l cu l ates that the tota l body gamma d o s e  t o  

an  i nd i v i dual  a t  t h e  s i te boundary wou l d  b e  0 . 3 mrem a n d  that t h e  beta s ki n  d o s e  woul d b e  25  mrem . The tota l 

body dose represe nts o n l y  a sma l l fract i on of the 10 C F R  Part 100 l i m i t  ( Re f .  18 ) of 25 rem . ( S k i n dos e l i m i t s  

are not i nc l uded i n  1 0  C F R  Part 100 . ) 

6 . 2 . 3 Fast P urge 

The reacto r bui l di ng pu rge system i s  a n  exi sti ng system o r i g i na l l y  i nstal l ed for purg i ng the reactor bu i l d i ng 

atmosphere . Use  of the reacto r b u i l d i ng p u rge system i n  c o n j u nct i o n  wi th the hydrogen control  s ubsystem 

rep resents a vari at i on in  the purg i ng a l ternati ves for decontami nati ng the U n i t 2 reacto r bui l di ng atmo s p he re . 

A scenari o for th i s  pu rge i s  descri bed i n  S ubsecti o n 6 . 2 . 3 . 1 Thi s var i at i o n  i n  the purg i ng a l ternat i v e  wou l d 

funct i o n  o n l y  under meteoro l ogi cal  condi t i ons  favorab l e for atmospher i c  di spers i o n .  I n  addi t i o n , the p u rge 

cou l d not be conducted in  accordance with the ex i s ti ng i ns tantaneous and quarte r l y  ave rage re l ease rate l i m i t s  

o f  the exi st i ng radi o l o g i c a l  e f f l uent tec h n i cal  spec i f i cati ons . The fast purge wou l d  be conducted i n  a c cordance 

w i t h  the we i ghted annual  ave rage req u i reme nts o f  10 C F R  Part 20 ( Re f .  19) , the  des i g n  obj ec ti ves o f  10  C F R  

Part 50 , Append i x  I ( Re f .  11) , and the app l i cabl e req u i rements of 4 0  C F R  Part 190 . 10 ( Re f .  12 ) .  Add i t i o na l l y ,  

the fast purge wou l d  be co nducted to conservati v e l y  l i m i t  the max i mum beta s ki n dose rate to 3 mrem/hr , s i nce  

tec h n i ca l  spec i f i cati o n  l i mi ts wh i c h norma l l y  accomp l i s h th i s  wou l d  have  to be  wa i ved , as d i s c u s s ed abo v e .  

The reactor bui l d i ng p u rge system i s  capabl e of  purg i ng t h e  bui l d i ng a t  f l ow rates o f  5 , 000- 50 , 000 cfm.  Act u a l 

purge rates autho r i zed dur i ng any t i me i nterval  wo u l d  be dependent on meteoro l ogi cal  cond i t i ons  and rea c to r  

bu i l d i ng concentrati ons . L i ke the hydrogen contro l s ubsystem , thi s system wo u l d remove t h e  reactor b u i l d i ng 

atmosphere through a f i l ter  system and d i scharge i t  through the 160- foot p l ant vent s tack  to the envi ro n m e n t . 

The advantage of u s i ng the reacto r b u i l d i ng pu rge sys tem i n  conjuncti on  wi th the hydrogen control  s ubsys tem i s  

that , g i ve n  the req u i red favorab l e  meteoro l ogy , i t  cou l d  deco ntami nate the reactor bui l d i ng atmosphere i n  f i ve 

days o f  actua l purg i ng over a tota l e l apsed t i me as s hort  as  approx i mate l y  14 days . Accord i ng l y ,  the c a l e n d a r  

t i me frame assoc i ated w i t h  hei ghtened psycho l og i ca l  s t r e s s  duri ng t h e  conduct of  the purge wou l d  b e  mi n i m i ze d .  

6 . 2 . 3 . 1  System Desc r i pt i o n and Ope rat i o n  

T h e  fast purge a l ternat i v e wou l d  u s e  t h e  hydrogen control  s ubsystem des c r i bed i n  Sect i o n  6 . 2 . 1 i n  conj u n c t i o n  

w i th the reactor bu i l d i ng purge system . T h e  reacto r bu i l d i ng purge sys tem cons i s ts o f  two a i r-mov i ng u n i ts ,  

each of  wh i c h has a f l ow rate that can be var i ed f rom 5 , 000 to 25 , 000 c fm .  T h e s e  u n i ts can b e  ope rated 

separate l y  or  s i m u l taneou s l y .  D u r i ng ope rat i o n o f  the sys tem , rad i oact i ve gases pu rged from t h e  reacto r 

bu i l d i ng wo u l d  be d i l uted w i th exhaust a i r f rom the auxi l i ary and fue l  handl i ng bui l d i ng vent i l at i o n  sy s tems a n d  

re l eased v i a  t h e  Un i t  2 p l ant vent stac k ,  wh i ch i s  160 feet above grade l ev e l . Th i s  purge sys tem i s  ope rated 

from the U n i t  2 control room . However , because of mod i f i ca t i ons to the system to a l l ow for f l ow contro l , a n  

auxi l i ary operator wou l d  b e  stati oned i n  t h e  auxi l i ary bui l d i ng t o  control  t h e  p urge f l ow rate . T h e  a u x i l i a ry 

operator wou l d  have commu n i cat i o n  t i es  w i th the contro l room and wou l d  be stati oned i n  a l ow- rad i at i o n a rea . 
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F i gure 6 . 2- 2 provi des a f l ow d i ag ram of t h e  reactor b u i l di ng purge system. T he maj o r  components of th i s  system 

i nc l ude two a i r  s upp l y  fans  and f i l ter u n i ts , two i so l at i o n  v a l ves  i n  eac h p u rge a i r s upp l y  duct , two a i r exhaust 

fans and f i l ter  u n i t s , and two i s o l ati o n  va l ves in  eac h purge a i r  exhaust duct .  The exhaust f i l te r  u n i ts cons i s t 

of a pre f i l ter , a HEPA f i l te r  bank  and a second HEPA f i l ter ban k .  

The s l ow purge method eva l uated i n  Sect i o n  6 . 2 . 2 was based upon not exceed i ng the exi s t i ng Appe nd i x  B Tec h n i c a l  

Spec i f i cat i o n  l i m i t  (45 , 000 � C i /sec ) f o r  Krypton-85 ( Kr-85 ) re l eases  through t h e  1 6 0  foot p l ant vent stac k 

( Re f .  9 ) .  These Techn i ca l  Spec i fi cat i on  l i m i ts are based on conservat i ve annua l  average meteoro l og i c a l  con

d i t i ons , where X/Q = 6 . 7 x 10- 6 s ec/m3 . However , by contro l l i ng the p u rge rate s to take advantage of more 

favorab l e  meteoro l og i ca l  c o nd i t i o n s , h i gher  purge rates can be ac h i eved whi l e  s t i l l  not exceed i ng the req u i re

ments o f  10 CFR Part 20 ( Re f .  19) , the des i gn objecti ves o f  10 CFR Part 50 , Appe ndi x I ( Re f .  1 1 )  and the 

app l i cabl e requ i reme nts o f  40 CFR Part 190 . 10 ( Re f .  12 ) .  

When favorab l e  meteoro l og i ca l  cond i ti o n s  exi s t ,  the hydrogen contro l s ub system wou l d  be ope rated at i ts max i mum 

f l ow rate o f  1000 cfm unti l the Kr-85 conce ntrati on  i n  the reactor b u i l d i ng i s  reduced to 0 . 22 uCi /cc . I t  wou l d  

requ i re approx i mate l y  50 hours  to reduce the current reacto r b u i l d i ng Kr-85 conce ntrat i o n  o f  1 . 0 uC i /cc to 

0 . 22 uCi /cc . When the reactor bu i l d i ng Kr-85 concentrat i o n  i s  reduced to 0 . 22 uCi /cc , the hydrogen co ntro l 

s ubsys tem wou l d  be secured and the the reactor b u i l d i ng pu rge system started wi th an approx i mate f l ow rate o f  

5000 cfm.  The reactor b u i l d i ng p u rge sys tem wou l d  operate at 5000 c fm for approx i mate l y  70 hours to reduce the 

b u i l d i ng concentrat i o n  o f  Kr-85 to MPC (1 x 10- 5 uC i /cc ) .  Thus , the tota l actual  p u rge ti me u s i ng both systems 

wo u l d be approx i mate l y  120 hours . The c a l endar t i me frame neces s ary to comp l ete the fast purge scenar i o  i s  

dependent upon ac h i e v i ng favorab l e  meteoro l ogy and i s  espec i a l l y  s e ns i ti ve to the seasonal  vari at i on s  that can  

occur ( see d i scus s i on in  Sect i on 6 . 2 . 3 . 3 ) . . 

6 . 2 . 3 . 2 Occupati onal  Expos u re 

The occupat i onal  exposure  anti c i pated from the fast purge scenar i o  i s  approx i mate l y  the same as for the s l ow 

purge scenari o  as d i s c u s sed i n  Sect i o n 6 . 2 . 2 . 2 . 

6 . 2 . 3 . 3  Envi ronmental  I mpact 

The fast purge envi ronme nta l i mpact wou l d  be approx i mate l y  the same as  for the s l ow p u rge as  d i scussed  i n  

Sect i o n  6 . 2 . 2 . 3 . 

For the fast p u rge duri ng the sp r i ng season  ( March-May ) there i s  a fai r l i ke l i hood of be i ng ab l e  to 

exped i t i o u s l y  rel ease and ma i nta i n  s u f f i c i ently  l ow doses to the  p u b l i c  i n  accordance wi th the cri te r i a  

d i scus sed i n  Sect i on 6 . 2 . 3 . 1 . We e s t i mate that favorab l e  meteo rol ogy dur i ng these  months may perm i t  the fast 

purge opt i on to be accomp l i s hed wi t h i n a 2 - c a l endar week per i od .  However ,  f o r  t h e  fast p u rge dur i ng t h e  s umme r 

and fal l months ( J u ne-October) , we e s t i mate , based on h i sto r i cal  data wh i c h s how a sma l l probab i l i ty o f  

favorab l e  meteoro l og i ca l  cond i t i ons , t h a t  t h i s a l ternat i ve wo u l d  req u i re approx i mate l y  two ca l endar months to 

comp l ete . Thus , g i ve n  the June  thru October meteoro l o g i c a l  condi t i o n s , the c a l endar t i me frame nece s s ary for 

both the fast purge and s l ow purge are e s s e nt i a l l y  equ i va l ent .  As the peri od o f  favo rab l e  meteoro l ogy ( i . e . , 

Ma rch-May ) i s  near l y  ove r , the staff co n s i ders the fast purge to be a l es s  des i rab l e  a l ternat i ve for the 

fo l l owi ng reas ons : 

( 1 ) The advantage of the fast purge , name l y  a l es s e n i ng of potent i a l  p syc ho l o g i c a l  stre s s  for area r e s i dents , 

wou l d  be l ost dur i ng the s umme r months when tota l e l apsed t i me requ i red for  both fast and s l ow purge a l ter

nati ves  are e s s e nti a l l y  the s ame . 
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( 2) Reactor bu i l d i ng p u rg i ng shou l d  not be de l ayed past the s ummer and fal l months to al l ow for better wi nter 

meteoro l ogical  condi ti ons for those reasons e l aborated i n  Secti o n  5 . 0 .  

6 . 2 . 3 . 4 Acc i dent Ana l ys i s  

The acc i dent analys i s  descri bed i n  Secti on 6 . 2 . 2 . 4 wou l d  apply to thi s a l ternat i v e .  

6 . 2 . 4  E l evated Rel ease Poi nts 

6 . 2 . 4 . 1 I ntroducti on 

Stac ks are norma l ly  des i gned to assure that effl uent ex i t  ve l oc i t i es wi l l  g i ve maxi mum r i se to re l eases and 

el i mi nate the wake-cavi ty effects of adjacent structures . Factors affecti ng meteoro l ogi cal d i spers i on o f  stac k 

effl uents i nc l ude the hei ght and pos i ti on of nearby structures and the l ayout of l ocal  terrai n .  The ex i sti n g  

pl ant vent stac k i s  160  feet above grade, w i t h  a n  ex i t  d i ameter of  9 feet . I n  order t o  eval uate the dos e  

reduct i on offered by i ncreas i ng stack hei ght, the staff has eval uated the al ternati ves of  rai si ng the e x i st i ng 

stack to 400 feet or constructi on of a new 1000- foot stack .  

6 . 2 . 4 . 2 Extend i ng Stack He i ght to 400 Feet 

6 . 2 . 4 . 2 . 1 Desc r i pt i o n  

A temporary sheet meta l extension  wi th the same di ameter as the ex i st i ng stack, cou l d  b e  used t o  e l evate the 

exi sti ng pl ant s tack to 400 feet above grade . The extensi on wou l d  be s urrounded wi th scaffo l d i ng, wh i c h  wou l d  

be used to support the extens i on with  the a i d  of guy wi res . The exi sti ng stack cou l d  a l so be e l evated to 

400 feet by the addi ti on of 10- foot secti ons of the carbon-steel  pi pes . These secti ons wou l d  have the same 

d i ameter as the existi ng stac k .  

Assumi ng that procurement of  the necessary materi al s for extendi ng the stac k can be readi l y  accompl i shed, the 

staff esti mates that the engi neeri ng des i gn, procurement, construct i o n, and l eak testi ng of ei ther var i ati on  

wou l d  requi re a m i n i mum of four  to  fi ve months . Th is  esti mate does not  cons i der the  potent i a l  i nterference s o f  
exi sti ng a n d  new structures ( e . g . , processed wate r storage tan ks) wh i ch may resu l t  i n  further schedu l e  de l ays . 

6 . 2 . 4 . 2 . 2  Occupat i o nal Expos ure 

Occupati onal  exposures descri bed in Section  6 . 2 . 2 . 2 wou l d  apply to th is  a l ternat i v e .  

6 . 2 . 4 . 2 . 3 Envi ronmenta l Impact 

An i nc rease i n  stack hei ght to 400 ft wou l d  e l i m i nate the effect of the reactor bu i l d i ng wa ke cav i ty howeve r ,  

the stack wou l d  rema i n  withi n the wake cav i ty of  the s i te coo l i ng towers . I n  add i t i o n , the pl ant l ocat i on i n  a 

ri ver val l ey surrounded by h i gher e l evat i on terra i n  d i m i n i sh the effects of an el evated re l ease po i nt o f  

400 feet .  An i ncrease in  the pl ant stac k hei ght ( up to 400 ft) wou l d  reduce the al ready negl i g i b l e  (see Sect i on 

7 . 1 )  dose to the max i mum exposed i ndi v i dua l by a factor of approximate l y  e i ght be l ow the doses esti mated for the 

fast or  sl ow purge . 

6 . 2 . 4 . 2 . 4  Acc i dent Ana l ysis  

The  acc i dent ana lysis  descri bed in  Secti on 6 . 2 . 2 . 4  wou l d  app l y  to  th is  a l ternat i v e .  
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6 . 2 . 4 . 3 Constructi ng a 1000- Foot Stac k 

The staff has eval uated the dose reduc t i o n  bene f i t res u l t i ng from the c o n struct i o n  of a 1000- foot stac k .  

A 1000- foot stac k wou l d  a s s u re that re l eases  are unh i nde red from the effects o f  a l l o ns i te structures . The 

techno l ogy for constructi ng a stac k th i s  hei ght is  we l l  estab l i shed .  

A stack  1000  feet  h i gh wou l d  requi re ,  at a mi n i mum , a 60- foot di ameter base . Construc t i o n  of a foundat i o n  t h i s  

s i ze wou l d  req u i re not l es s  than three months and construc t i o n  of  the rema i nder of the stack wou l d  requ i re 

approx i mate l y  s i x  months . Add i ti onal  des i gn ,  engi neeri ng , cons tructi o n ,  and testi ng t i me requ i red to connect  

the stac k w i t h  the exi sti ng pu rge system and e n s u re p roper operat i o n  wo u l d  add  two to three  months  to the i n s ta l 

l at i on  schedu l e .  Therefore , the staff e s t i mate s that a m i n i mum of 11 months wou l d be requi red to construct a n d  

make functi ona l  a new 1000- foot stac k .  

6 . 2 . 4 . 3 . 1 Occ upat i onal  Expos u re 

Occupat i o nal  expos u re s  des c r i bed i n  Sect i on  6 . 2 . 2 . 2 wou l d  app l y  to th i s  a l ternati v e .  

6 . 2 . 4 . 3 . 2 Env i ronmenta l I mpact 

A stac k rel ease at 1000 feet wou l d p hys i ca l l y  p l ace rad i oact i ve eff l uents above the effects of the coo l i ng towe r 

wake cav i ty and nearby terra i n  and wou l d res u l t i n  reduc i ng offs i te doses  to the max i ma l l y  exposed i nd i v i du a l  by 

a factor of approx i mate l y  230 be l ow the doses e s t i mated fo r the fast or s l ow purge . 

6 . 2 . 4 . 3 . 3 Acc i dent Ana l ys i s  

The acc i dent ana l ys i s  des c r i bed i n  Sect i o n  6 . 2 . 2 . 4  wou l d  app l y  to thi s a l ternat i ve .  

6 . 2 . 5 Staff Eva l �ati o n  of  U n i o n  o f  Conce rned Sc i e nti st  E l evated Re l ease  Propos a l s 

6 . 2 . 5 . 1 I ntroducti on  

In  response to a request  by the Governor  of Pennsy l van i a ,  the U n i o n  of  Concerned Sc i e n t i sts (UCS)  eva l uated the  

hea l th and  safety consequences of  the d i spos i t i on o f  the reacto r bui l d i ng atmo sphere i nc l ud i ng the purg i ng 

a l ternati ve recomme nded by the NRC staff i n  i ts draft E n v i ronmental A s s e s sment ( NUREG- 0662 ) .  I n  the i r  repo rt to 

the Governor ( Re f .  3 ) , the UCS reported that based o n  " current e v i dence of  effects o f  who l e  body rad i at i o n  o n  

human pop u l ati ons , . . .  n o  hea l th effects wou l d  b e  anti c i pated a s  a res u l t of  the ' ground re l ease ' venti ng . "  

Howeve r ,  the UCS d i d  not recommend p u rg i ng ,  as p roposed by the staff , because of the potent i a l  psycho l og i c a l  

stre s s  U C S  be l i eves  p u rg i ng m i ght i nduce . As a res u l t ,  t h e  U C S  proposed  two a l ternati ve means o f  purg i ng t h e  

reactor bu i l d i ng wh i ch they b e l i eve wi l l  m i n i m i ze potenti a l  psyc ho l og i cal  stres s .  The  f i rst method p ropo s e s  

purg i ng b y  heat i ng t h e  effl uent w i t h  an  i nc i nerator pri o r  to rel eas i ng i t  through a 250- foot refractory l i ne d  

s ta c k .  T h e  second method proposes  an e l evated re l ease  a t  1000- 2000 feet through a re l at i v e l y  l i ght-we i ght tube 

he l d  a l oft by a tethered ba l l o n .  

6 . 2 . 5 . 2  H o t  P l ume Re l ease Through a 250- Foot Stac k 

6 . 2 . 5 . 2 . 1 Desc ripti on  

The staff has eva l uated the Uni on of . Concerned Sc i e nti sts  (USC)  propo s a l  to construct an  i nc i nerator ( and stack)  

to heat  the eff l uent purged from the reactor b u i l di ng .  Under i de a l  cond i t i ons , an  i nc i nerator o f  th i s  type 

shou l d  be l ocated as  c l ose  as  pos s i b l e  to the auxi l i ary b u i l d i ng to m i n i mi ze the engi neeri ng  and cons truct i o n  
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e ffort necessary to i nterface wi th the reactor b u i l d i ng purge system . UCS " rough esti mates "  p l ace the c o n s truc

t i o n  t i me for an  i nc i nerator fac i l i ty at f rom seven to n i ne months .  Th i s  t i me e s t i mate does not i nc l ude t i me 

requ i rements for des i gn ,  engi neer i ng , procurement o f  mater i a l , and pre-operat i onal  testi n g .  The s taff e s t i mates 

fo r these  requi red e ffo rts wou l d  add at l east two months  to the overal l constructi o n  e ffort , res u l t i ng i n  a 

m i n i mum schedu l e of n i ne months for system avai l ab i l i ty .  

6 . 2 . 5 . 2 . 2  Occupati o n a l  Expos u re 

Occupat i onal  exposures  d e s c r i bed i n  Sect i o n  6 . 2 . 2 . 2 wou l d  app l y  to th i s a l ternat i v e .  

6 . 2 . 5 . 2 . 3  Envi ronmenta l I mpact 

Staff eva l uat i ons  s how that dose reduct i ons  can be ach i eved i f  heat i s  added i n  s uffi c i ent quant i t i es to a l l ow 

the eff l uents to rai s e  above the wa ke cav i ty of · the coo l i ng towers . The re l ease  of a heated p l ume f rom a 2 5 0 -

foot s tac k wou l d  res u l t i n  reduc i ng offs i te d o s e s  to t h e  max i ma l l y  exposed  i nd i v i dual  b y  a factor of  app ro

x i mate l y  30 be l ow the d o s e s  esti mated for the fast or l ow purge . 

6 . 2 . 5 . 2 . 4  Acc i dent Ana l ys i s  

The i mpact o f  a n  acc i dent  i nvo l v i ng thi s a l ternat i ve wou l d  re s u l t i n  a tota l - body dose  wh i ch i s  approx i mate l y  

fi ve t i mes greater than the s l ow purge acc i dent dose di scussed  i n  Sect i o n  6 . 2 . 2 . 4 .  These  doses wou l d  s t i l l  

rep resent a sma l l frac t i o n  o f  10 C F R  Part 100 acci dent- dose l i mi ts ( Re f .  18 ) .  

6 . 2 . 5 . 3 The Tethe red B a l l oon/Tube R e l ease  at 2000 Feet 

6 . 2 . 5 . 3 . 1 Descripti o n  

T h e  staff h a s  eval uated the UCS proposa l  t o  purge t h e  reactor b u i l d i ng atmosphere through a re i n forced fab r i c 

tube he l d  a l oft at 2000 feet above Three Mi l e  I s l and by a tethe red b a l l oon  ( A l so  see Sect i o n  9 . 2 . 5 ) .  As s tated  

by the UCS , th i s  tec h n i que  is  u n i que and untr i ed and wou l d  requi re further  study to dete rmi ne i ts feas i b i l i ty .  

I n  add i t i o n , the UCS stated that they d i d  not know i f  s u i tab l e  space was avai l ab l e  o n  Three Mi l e  I s l and t o  

i mp l eme nt thi s a l ternat i v e .  

I n  genera l , the staff fi nds the U C S  p roposal , wh i l e  not wi thout prob l ems , techn i ca l l y  wo rkab l e  and probab l y  

capab l e  o f  be i ng i mp l emented wi th i n a year f rom the t i me the dec i s i o n i s  made t o  u s e  i t . 

The maj or  prob l em wi th the UCS propo s a l  i s  that , at present , the re i s  no exi sti ng area on Three Mi l e  I s l a n d  

wh i c h  i s  s u i tab l e  f o r  l au nc h i ng the tethered  bal l oon a n d  i ts attached 2000- foot fabri c tube . The UCS has s t a t e d  

that thei r propos a l  wou l d  req u i re unobstructed ground a n d  a i r  space approx i mate l y  2 0 0 0  f e e t  l o ng b y  2 0 0  feet 

w i de .  The staff has exami ned Three Mi l e  I s l and  for potent i a l  s i te s  of s u ffi c i ent  s i ze to i mp l ement the U C S  

proposa l . 

The i s l and i s  app rox i mate l y  11 , 000 feet i n  l e ngth by 1 , 700 feet i n  w i d t h .  The northern one-thi rd of the  i s l a n d  

i s  occup i ed by Three M i l e  I s l and N u c l ear Stat i o n  U n i ts 1 a n d  2 .  T h e  so uthern part o f  the i s l and conta i n s  s o m e  

open area , a fa i r l y  l a rge wooded area , a n d  a s h a l l ow bas i n  area that i s  prone t o  f l ood i n g .  T h e  area w i t h  t h e  

m o s t  open space i s  south o f  t h e  U n it 2 coo l i ng towe rs a n d  i nc l udes an ex i s ti ng pa rki ng l ot .  The staff  e s t i m a t e s  

t h e  open space t o  be approx i mate l y  2 0 0  feet or  more wi de a n d  1500 feet l o n g .  Some trees i n  t h e  wooded area o f  

t h e  i s l and wou l d  have t o  be removed t o  e n l arge t h e  area.  
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Th i s potent i a l  s i te is  a c o n s i derab l e  d i stance from the  auxi l i a ry b u i l d i ng and  the reactor b u i l d i ng pu rge S)f s tem 

wi th wh i ch it  wou l d  have to i nterfac e .  The l arge di stance wo u l d  mag n i fy the engi neeri ng and construct i on e f fort 

i nv o l ved , and wou l d u l t i mate l y  i mpact the schedu l e for system avai l ab i l i ty .  A deta i l ed de s i gn and  l ayout of the 

i nterconnect i ng p i p i ng between  the auxi l i a ry b u i l di ng and  the l aunch s i te wou l d  have to be performe d .  

The p i p i ng wou l d  h a v e  to be b u r i e d  ( at l east  i n  some l ocat i on s )  i n  o r d e r  not t o  res t r i c t  norma l traff i c  ( e .  g . , 
s o l i d  radwaste s h i pments , c o n c rete truck del i veri es , etc . ) about the s i te .  The p i p i ng wou l d  requ i re l ea k  t e s t i ng  

fol l owi ng  we l d i ng to e n s u re that no gas  bypass  pathways ex i s t .  The need  for booster  pumps wo u l d have  to be 

determ i ned in a detai l ed e n g i nee r i ng eval uati o n .  The staff has a l so c o n s u l ted wi th the Department o f  E n e rg)f ' s 

( DO E )  Ames Laboratory conce r n i ng the feas i b i l i ty of the UCS b a l l oo n  p roposa l .  I n  the i r  j udgment , the f i rst 500 

to 1000 feet of e l evat i o n  c ruci a l  in  determi n i ng what effect wi nd s hear and ai r turb u l ence wi l l  have on  fab r i c  

tube behav i o r .  Testi ng  i s  recomme nded . The s taff conc u rs wi th thi s observat i o n .  Thus , a tes t  o f  the i nte g r i ty 

o f  the re i nforced fab r i c  tube ( 1- foot d i ameter) under di fferent wi nd s hear and ai r turb u l ence condi ti o n s  wo u l d  

be requ i re d .  The staff e nv i s i o n s  these tasks  as a maj or des i g n  effort . The  staff has determi ned that the 

schedu l e  requ i red to accomp l i s h these  act i o n s  and demo ns trate system operab i l i ty i s  l o nger than the t i metab l e  

esti mated to the UCS for system avai l ab i l i ty .  

T h e  U C S  stated t h a t  a ti metab l e  f o r  a tethered bal l oon  system was " somewhat di ffi c u l t t o  e s t i mate" but proj e cted 

a schedu l e of  four to seven months . Th i s sc hedu l e  i s  based on the avai l abi l i ty of a s u i tab l e  l ocat i o n  o n  T h ree  

M i l e  I s l and  for system i mp l ementat i on and s ucces s f u l  comp l eti on of  feas i b i l i ty tests . Based  on the  remote 

l ocati on  of  s u i tab l e l an d  area from the a uxi l i ary b u i l d i ng ,  the staff be l i eves that the UCS has undere s t i ma ted 

the eng i neeri ng and cons truct i on e ffort req u i red to maje th i s techn i que wo rkab l e .  The staff esti mates that th i s  

effort wou l d requ i re from 7 to 10 months to make the tethered bal l oon  sys tem operab l e .  The staff does not 

be l i eve that postpo n i ng decontam i nat i o n  of the reactor b u i l d i ng atmosphere for thi s peri od o f  t i me is  acceptab l e  

for the reasons  d i s c u s s ed i n  Sect i o n  5 . 0 .  

6 . 2 . 5 . 3 . 2 Occupati o n a l  Expos u re 

P rovi ded adeq uate contro l s are estab l i s hed to i s o l ate or bury the requ i red i nte rco nnect i ng p i p i ng ,  the occ u p a

t i ona l  expos u res desc r i bed i n  Sect i on 6 . 2 . 2 . 2 wo u l d  app l y  to thi s a l ternat i v e .  

6 . 2 . 5 . 3 . 3 E n v i ronmental  Impact 

An  e l evated re l ease at 2000 feet wou l d  phys i ca l l y  p l ace rad i oact i ve e f f l uents above the e ffects of  the coo l i ng 

tower wake cav i ty and nea rby terra i n and wou l d  re s u l t i n  reduc i ng offs i te doses to the max i mum expo sed 

i nd i v i dual  by a factor o f  approx i mate l y  300 bel ow the doses esti mated for the fast or s l ow purge . However . the  

staff  wo u l d  have  to assess  the psyc ho l o g i c a l  i mpact of thi s h i gh l y  v i s i b l e  a l terna t i ve on  nea rby res i dents . 

6 . 2 . 5 . 3 . 4 Acc i dent Ana l ys i s  

The acci dent a n a l ys i s  descri bed i n  Sect i o n  6 . 2 . 5 . 2 . 4  wou l d  app l y  to th i s a l ternat i ve .  

6 . 2 . 6 S umma ry 

The staff has eval uated s i x  a l ternat i ve methods for purg i ng the contam i nated reactor b u i l d i ng atmosphere to the 

e n v i ronme n t .  Those methods i nc l ude (1)  a s l ow pu rge u s i ng the exi sti ng hydroge n control  s ubsystem with re l e a s e s  

from t h e  unmod i f i ed 160- foot p l ant v e n t  stac k ,  ( 2 )  a fast p u rge us i ng t h e  exi s t i ng hydrogen contro l s u b sys t e m  

and reacto r b u i l d i ng p u rge system w i t h  re l eases  from t h e  160- foot p l ant vent s tac k ,  ( 3 )  an  e l evated p u rge u s i ng 

the ex i s ti ng hydrogen co ntro l subsystem and reacto r b u i l d i ng purge system w i t h  rel eases from the p l ant v e n t  

stac k e l evated t o  4 0 0  feet , ( 4 )  a n  e l evated purge u s i ng the reactor b u i l d i ng p u rge system wi th re l ea s e s  



from a new 1000- foot . stac k ,  ( 5 )  a hot p l ume re l ease us i ng the reacto r b u i l d i ng purge system and a new i n c i n e rato r 

and 250- foot stack ( a  UCS  propos a l ) ,  and ( 6 )  a n  e l evated purge u s i ng the reactor bu i l d i ng p urge system a n d  a 

re i n forced fabri c tube he l d  a l oft at 2000 feet by a tethered bal l oo n  ( a  UCS proposa l ) .  

A l l s i x  p u rge a l ternat i ves  are s i mi l ar i n  some respects . A l l the proposed a l ternati ves wou l d  res u l t  i n  a p p ro 

x i mate l y  t h e  same occupati onal  exposure a n d  t h e  cons equences of  a postu l ated acci dental  re l ease a r e  a l s o  r o u g h l y  

equ i va l en t .  A l l the a l ternati ves  are capab l e  o f  bei ng i mp l emented i n  accordance wi th the requ i reme nts o f  1 0  C F R  

Part 2 0  ( Re f .  19 ) , the dose  des i gn object i ves o f  10 C F R  Part 50 , Appe nd i x  I ,  ( Ref 1 5 ) , and the app l i cab l e  req u i re

ments of  40 C F R  190 . 10 ( Re f .  12 ) .  No hea l th e ffects wou l d  be anti c i pated from i mp l ementi ng any of  the s i x p u rge 

a l ternati ves  ( see Sect i o n  7 . 1 ) . 

Howeve r ,  there are s i gn i f i cant di fferences among these  a l ternat i ves . The s l ow purge and fast pu rge cou l d  

e s s e nti a l l y  b e  i mp l emented i mmed i ate l y  ( except for meteoro l og i ca l  constra i nts for the fast purge ) .  The rema i n i n g 

four  a l ternati ves wou l d  requ i re modi fi cati ons  to p l ant systems and structures res u l t i ng i n  esti mated schedu l e s 

for system avai l ab i l i ty rangi ng from a mi n i mum of four to f i ve months ( s tac k mod i f i ed to 400 feet ) to as l o n g  a s  

11 months ( a  n e w  1000- foot stac k ) . Another potent i a l  d i fference associ ated wi th t h e  vari ous  purge a l te r n a t i v e s  

i s  the potent i a l  psyc ho l og i ca l  i mpact that each m i ght have .  l n  fact , the U C S  proposed the i r  vari at i ons o f  t h e  

p u rge a l ternat i ve not because of  concern over hea l th ef fects ( none are ant i c i pated ) , b u t  as  a means  of  re d uc i n g  

potenti a l  psycho l og i ca l  stress . Because of i nherent and uncertai n de l ays , the NRC staff does not be l i eve that 

the UCS proposa l s  wou l d  s ucceed in  a l l ev i ati ng psycho l og i ca l  stre s s . On  the contrary ,  the tethered ba l l o o n  

cou l d  even augment stres s ,  dependi ng o n  pub l i c  percept i o n .  A tethered bal l oo n  wou l d  b e  eas i l y  v i s i b l e  t o  the 

nea rby res i dents and wou l d  be an attrac t i o n  of s o rts that  may c reate as much stress as it is  i ntended to 

a l l ev i ate . 

The NRC s taff  s upports the s l ow pu rge a l ternat i ve as the best means o f  decontam i nati ng the reactor b u i l d i n g  

atmo sphere , the reby expedi t i ng the conti nued c l eanup of  the p l ant i n  a safe manner .  I n  the staff ' s  op i n i o n , the  

best  mea9s  of a l l ev i ati ng psycho l og i c a l  st�e s s  in  the  v i c i n i ty around  the  p l ant i s  to comp l ete the  overa l  1 
recovery effort safe l y  and q u i c k l y .  

6 . 3 Se l ective  Absorpt i on System 

6 . 3 . 1 I ntroduc t i o n  

T h e  s e l ect i ve absorpt i o n  sys tem eva l uated by t h e  N R C  staff wou l d  ope rate by w i thdrawi ng gases from t h e  re a c t o r  

b u i l d i ng ,  separat i ng essenti a l l y  a l l t h e  krypton from t h e  gas es , a n d  return i ng t h e  g a s e s  to t h e  reactor b u i l d i ng .  

Krypto n i s  separated from other gases i n  a comb i nati o n  absorpti on str i pp i ng c o l umn wh i c h  operates at grea t e r  

than atmospheri c pre s s u re a n d  u s e s  a l i q u i d f l uorocarbon  as  a s o l vent .  The separated a n d  concentrated kr�pton  

may then be sto red ons i te or  transported offs i te for  di sposal . A l ternati v e l y , krypton gas  in  conta i ners c o u l d 

be transpo rted to and re l eased at some remote s i te .  

6 . 3 . 2 Sys tem Descript i on and Ope rat i o n  

A f l uoroca rbon absorpt i o n  process  for removi ng nob l e  gas fi s s i on products ( krypton a n d  xenon ) ,  carbo n- 14 , a nd 

other radi oact·i ve contami nants from gaseous was te , has been under devel opment s i nce 1967 by U n i o n  C a rb i de a t  O a k  

R i dge Nati onal  Laboratory (ORN L ) . F o l l owi ng the i r  i n i ti a l  wo r k  t o  obtai n s o l vent chem i stry i nfo rmat i o n  a n d  to 

deve l op the process  sys tem , ORNL personne l cons t ructed a sma l l p i l ot p l ant .  T h i s p i l ot p l ant uti l i ze s  a s i ng l e  

absorpt i on  c o l umn process  wi th a max i mum gas f l ow rate o f  15 . 0  scfm and has been  i n  operat i o n  s i nce 1978 . 

Actua l removal  effi c i e nc i e s  greater than 9 9 . 9% fo r krypton have been obtai ned .  Howeve r ,  thes e  e f f i c i e nc i e s  we re 

obta i ned for i n f l uent concentrat i on s  o f  nob l e gases s ub s tanti a l l y  h i gher than tho s e  exi s t i ng i n  the reacto r 

b u i l d i ng .  Based on the res u l ts of the deve l opme nta l and  p i l ot p l a n t  test programs , ORNL  personne l are opt i mi s t i c 

that the i r absorpt i on proce ss  cou l d be used at Three M i l e  I s l and ( TM I ) .  
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The ex i s t i ng p i l ot p l ant , however ,  i s  not be l i eved , by e i ther the NRC staff o r  ORN L personne l , to be a practi c a l 

system for decontami nat i ng the TMI reactor b u i l d i ng atmos phe re .  T h i s smal l - s c a l e l aboratory system was n o t  

d e s i gned t o  be po rtab l e  and i s  n o t  read i l y  adaptab l e  f o r  use  a t  TMI . Approx i mate l y  50% of  t h e  hardware , i nc l u d i ng 

refri gerat i o n  and revers i ng heat exchanger systems , wh i c h  wou l d  be needed at TMI , are not present l y  i ncorporated 

in  the ORNL mode l . Most i mportant l y ,  however , the ex i st i ng p i l ot p l ant is  unacceptab l e  for u s e  in  dec o n t am i n at i ng  

the atmosphere in  the reactor bu i l d i ng because o f  th i s  sys tem ' s  very sma l l f l ow capac i ty .  At 15 s c fm it  wo u l d  

req u i re nea r l y  t h ree years of  conti nuous p roce s s i ng ( i . e . , no downt i me for repa i rs and mai ntenance ) to decontam i 

nate the atmosphere t o  the maxmi mum permi s s i b l e  Kr-85 concentrat i o n  ( 1  x 10- 5 � C i /cm3 ) for workers a s  req u i r e d  

b y  1 0  C F R  20 ( Re f .  19 ) .  

A l arger s e l ect i ve absorpt i on system , wi th the capab i l i ty to p roc e s s  approxi mate l y  150- 200 s c fm ,  has a l s o  been  

eva l uated by  the NRC staff . A l though a s e l ect i ve absorpt i on system o f  th i s  s i ze has  never  been constructed , i t  

wou l d  be  expected to effecti v e l y  remove more than 99% of krypton f rom the process  s tream . After pas s i ng t h r o u g h  

the c o l umn , the g a s  stream wou l d  f l ow bac k t o  the reacto r b u i l d i ng .  Krypton wo u l d  be removed from the c o l u m n  i n  

a separate f l ow s t ream and transferred to p re s s u r i zed contai ners for l ong- term ( 100 years ) sto rage . The krypto n 

remov a l  may be accomp l i shed  by e i ther a b l eed-and- feed proces s  o r  by conti nuous operat i o n .  A system des i g ned t o  

p roces s  150- 200 s c fm , i f  operated conti nuous l y  f o r  about two months , wou l d  reduce t h e  amount o f  Kr-85 i n  the 

reactor b u i l d i ng atmosphere to l es s  than 0 . 1% o f  i ts c urrent i nvento ry :  We esti mate that proces s i ng abo u t  

23 , 000 , 000 ft3 of  g a s  ( 11 . 5 reacto r- b u i l di ng v o l ume s )  wou l d  be req u i red to reduce t h e  krypton l ev e l  i n  the 

reactor- b u i l d i ng gases  to the  max i mum permi s s i b l e concentrati on  of Kr- 85 .  Th i s wou l d  req u i re approxi mate l y  

three months o f  conti nuous p roces s i ng .  

T h e  absorpti on system i s  based on t h e  prope rty of  a f l uorocarbon , name l y  d i c h l orod i f l uo romethane , or  Freo n 12 , 

to s e l ecti ve l y  abs o rb nob l e  gases . The proces s  ha� been i ntegrated i nto a s i ng l e comb i nat i o n  c o l umn wi t h  s up

port i ng equ i pment , as  s h own in F i gure 6 . 3- 1 .  �ontam i nated gases are wi tndrawn from the reactor bu i l d i ng , dehu

m i d i f i e d ,  f i l te red , compressed to app rox i mate l y  125 ps i g ,  and coo l ed to  near  - 30° F .  The gas wou l d  then  b e  fed 

i nto the absorpt i o n  sect i o n  of the comb i nati on  c o l umn and contacted countercurrent l y  wi th the down f l owi n g  l i q u i d 

freon s o l vent .  The s o l vent contai n i ng the  di s s o l ved Kr-85  wou l d  s ubsequent l y  f l ow i nto the i ntermed i ate a n d  

f i na l  stri pper secti ons  of  the co l umn . The rebo i l e r at the bottom of the c o l umn wou l d  ope rate at 104° F a nd 

125 ps i g .  The s o l vent from wh i c h  the Kr-85 has been  removed wo u l d  be coo l ed to - 3 0° F before i t  wou l d  be p umped 

back to the top of  the c o l umn . Trace quanti t i e s  o f  water and i od i ne may be removed from th i s s o l vent s t ream by 

a mo l ec u l ar s i eve and/or s i l ve r- i mpregnated zeo l i te p r i o r  to recyc l i ng .  The deco ntami nated g a s  wou l d  t h e n  l eave  

the  top  of  the co l umn . Decontami nated gases  may conta i n 5 to 10% Freon 12 , and wo u l d ,  therefore , be pas s e d  

through a turboexpander and a mo l ec u l ar s i eve bed ( a  f i l te r )  to recover s o l vent . The decontami nated gas w o u l d  

then be recyc l ed i nto the reactor bu i l di ng unti .l the Kr-85 concentrati on  reached a l l owab l e  l i m i t s .  

The concentrated krypton waste gas wou l d  b e  compressed  and p l aced i n  h i gh pre s s ure cyl i nders for storage . T h e  

cumu l ati ve waste gas co l l ected from proces s i ng t h e  contents of the reactor b u i l d i ng cou l d  be stored a t  2 0 0 0  p s i g  

i n  a few s tandard gas cyl i nders . The i nterna l vo l ume o f  one  standa rd gas cy l i nder i s  1 . 54 feet3 . The krypton  

acti v i ty in  a cy l i nde r wi l l  neces s i tate rad i at i o n  s h i e l d i ng ( approxi mate l y  one i nc h  of  l ead ) and s ome c o o l j ng .  

A l ternati ve l y ,  the krypton 4 gas cou l d b e  s tored a t  l owe r press ure ( and wi th l owe r r i s k  o f  l ea kage ) i n  a l a r g e r  

numbe r of these  cy l i nders . O ns i te storage i s  d i s c u s sed i n  Sect i o n  6 . 8  and transpo rtat i o n  and , bu r i a l  o r  r e l e a s e  

o f  kryp ton i n  a remote l ocat i on a r e  d i scussed  i n  Secti on 6 . 9 .  

Members o f  the  NRC sta ff wi th exte ns i ve nuc l ear  cons truct i o n  expe ri e nce e s t i mate that i t  wou l d  requ i re a t  l ea s t  

16 months* to make a sca l ed u p  s e l ecti ve absorpt i o n  sys tem , capab l e  o f  proce s s i ng 150- 200 scfm , i nto ope rat i o n 

*O R N L  p e r s o n n e l  have esti mated t h a t  a m1 n 1 mum o f  13 m o n t h s  wou l d  be req u i red o n  a " best e f f o r t "  schedu l e f o r  ma k i ng 
a 150- scfm sys tem operat i onal  at TMI . Thi s e s t i mate i nc l udes no conti ngenc i es and severa l  s i mp l i fy i ng a s s umpt i ons  
( Re f .  23 ) .  A more opti mi s t i c sc hedu l e  o f  6 months  has a l s o been  e s t i mated by a Congres s i o n a l  staff  a i de ( Se e  
Secti on 9 . 0 ) .  
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a t  TM I .  Th i s  e s t i mate i s  based o n  such  cons i derat i o n s  as personnel  mob i l i zat i on and o rgan i zati on  ( i nc l udi n g  

e n g i neers a n d  construct i o n  worke rs ) , sys tem des i gn ,  component procurement , system fabri cati o n , s i te coord i nati o n  

( i nc l ud i ng construct i o n  o f  a b u i l d i ng t o  house the system ) , and system testi ng pri or  to operat i o n .  As a " be s t  

e ffort" e s t i mate , thi s schedu l e  a s s umes t h a t  compet i t i ve b i dd i ng f o r  equi pment wou l d  n o t  be u s e d  a n d  t h a t  the 

des i gn cri teri a ( Re f .  22) fo r the system wou l d be  the m i n i mum requi red for radwaste systems b u i l t  at n uc l e a r  

powe r fac i l i t i es .  The se  cr i teri a e s tab l i s h the mi n i mum acceptab l e  req u i rements for qual i ty ass urance , s e i smi c 

des i gn ,  component qual i ty c l as s i f i cati o n , and p reoperati o n a l  testi ng . T h i s e s t i mate , a l though recog n i z i ng that 

s ome necessary equi pme nt may be ava i l ab l e  "off  the s h e l f" ass umes , based on  expe ri ence , that proc urement o f  

other equi pment w i l l  ta ke approx i mate l y  3-4 month s .  I t  s hou l d  b e  noted that even  where equi pme nt i s  avai l ab l e  

i t  wi l l  b e  neces s a ry to determi ne where i t  i s  l ocated , whether i t  i s  functi ona l , what mai ntenance wi l l  b e  neces

sary p r i o r  to operati o n , and whether it  i s  compati b l e  w i t h  the  system des i gn ( i . e . , can  compone nts be c o n n ected 

based on  capac i ty and avai l ab l e  connect i o ns ) .  

6 . 3 . 3 Occupati o n a l  Expos u re 

The occupat i o n a l  rad i at i o n  expos u re at the Oa k Ri dge p i l ot p l ant has been neg l i g i b l e . I t  i s  anti c i pated t hat 

the exposure wou l d  i ncrease s l i gh t l y  w i t h  a l a rger system . T he feature that sets pers o n ne l expos u re duri n g  

system operat i o n  a n d  mai ntenance i s  t h e  vo l ume of  krypton contai ned wi th i n the proc e s s  a t  any o n e  t i me .  S h i e l d i n g  

wou l d  be prov i ded f o r  components hav i ng a h i gh- rad i at i on f i e l d .  F o r  maj or  ma i ntenance act i v i t i es , krypton  can  

be comp l ete l y  removed from the absorber sys tem to further  reduce exposure .  We e s t i mate that a n  occupat i o n a l  

expos u re of about 25-50 person- rem wo u l d  res u l t from operat i o n  of th i s system i nc l udi ng fi l te r  remova l .  I f  a 

dec i s i on were made to store the krypton o ns i te , the s torage system wou l d  be des i gned  for remote ope rati o n ; 

however ,  i t  wou l d  be u n rea l i st i c  to a s s ume that the storage sys tem wou l d  not req u i re some ma i ntenance and s u rve i l 

l ance duri ng the approx i mate l y  100 years wh i l e  the Kr-85 decays . Th i s  wou l d  res u l t i n  an  add i t i ona l  e s t i mated 

occupati ona l  exposure of  90- 170 person- rems . As d i scus sed i n  Sect i on 6 . 9 ,  the occ upat i o na l  exposure res u l t i n g  

from a dec i s i on t o  transfer  the gas f o r  offs i te di spo s a l  ( i . e . , handl i ng a n d  pac kag i ng o f  the
-

gas for t ra n s port)  

wou l d  res u l t in  an  occupati onal  exp o s u re of 8-24  person- rems . 

6 . 3 . 4  Envi ronme nta l I mpact 

S e l ecti ve absorpt i o n  has zero re l ease  as a goal . Krypton i s  removed from the reactor b u i l d i ng and stored i n  

p re s s u r i zed conta i ners w i t h  o n l y  m i n i ma l  re l ease to the e n v i ronment , a l though some l ea kage i s  expected . I n  

addi t i o n ,  a few c ub i c  centi meters wou l d  be re l eased each t i me gas cy l i nders are changed . Subsequent l o ng- t e rm 

storage of the pre s s u r i zed contai ners  o n  s i te wi l l  not affect the e n v i ro nment d i rect l y ;  however due to po s s i b l e  

corro s i o n  o f  the s torage contai ners w i t h  t i me the potent i a l  for acc i dental  re l ease wo u l d  rema i n wh i l e  the Kr-85 

is  s tored o n  s i te ( see Sect i o n 6 . 8 ) .  

6 . 3 . 5 Acc i dent Ana l ys i s  

For  the purpose o f  ana l yz i ng potent i a l  acci dents , the absorpt i o n  process  system and pres s u r i zed sto rage c o n ta i n e r s  

wi l l  be rev i ewed separate l y .  

( 1 )  Absorpti on Proces s  
' 

The max i mum cur i e  conte n t  i n  the  absorber  system ( 12- i nc h  c o l umn ) at any one  t i me wou l d  not e�ceed 200 

Curi e s .  P roce s s  components wi l l  be housed in  a confi nement structure . Automati c a l l y  acti vated i so l at i o n  

va l ves wou l d  b e  used t o  separate the absorber from the reacto r b u i l di ng and the gas sto rage system whenever  

a mal functi o n  i s  detected . As s umi ng an acc i dent  wh i ch res u l ts i n  a re l ease o f  the enti re proce s s  i nv e nt o ry 

o f  krypton ( 200 Curi e s )  to the c o n f i neme nt s tructure and  subsequent l y  to the e n v i ronme nt over a 2 - h o u r  

peri od , the res u l t i ng tota l - body gamma dose  at t h e  s i te boundary wou l d  be 0 . 1 mrem a n d  a beta s k i n d o s e  o f  

6 mrem assumi ng a X/Q of 6 . 8  x 10- 4 sec/ms . 
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( 2 )  Gas Storage 

The p roc e s s  product , concentrated krypton gas , cou l d  be  stored o n s i te i n  p re s s u r i zed contai ners . Numerous 

conta i ner  confi gurat i o n s  can be  des i gned .  For a bound i ng ca l c u l ati o n , the staff has as ummed that a l l 

57 , 000 C u r i e s  of krypton  a re stored i n  one conta i ne r .  I f  that conta i ner ruptu red , a re l ease of the krypton 

to the confi nement s t r ucture and subsequent re l eases  to the envi ronment over a two- hour  peri od wou l d  res u l t 

i n  a tota l - body gamma dose  at the s i te boundary of 20 mrem and a beta s k i n dose  o f  1700 mrem , a s s um i n g  a 

X/Q o f  6 . 8  x 10- 4  s ec/m3
. T h i s ca l c u l ated tota l body dose i s  a sma l l fract i on o f  the l i m i ts set forth  i n  

10 CFR  Part 100 ( Re f .  15) . There are no s k i n dose l i m i ts i n  10 C F R  Part 100 . 

S ummary 

The s e l ecti ve absorpti o n  p rocess  has been stud i ed and has had extens i ve deve l opment o n  a sma l l scal e .  Large-

sca l e  operati on has not been prove n , but  a l l s i gns  i nd i cate that the a b s o rpt i o n  system wou l d  perform sat i s facto

r i l y  to remove krypton from the TMI reactor b u i l d i ng atmosphere .  The exi s t i ng  p i l ot p l ant a t  ORNL  i s  n o t  po rtab l e  

and does not i ncorpo rate a l l of  the components wh i ch wou l d be needed at TMI . The  p i l ot p l ant , because  o f  i ts 

sma l l f l ow capac i ty ,  wou l d req u i re more than three years to proces s  the b u i l d i ng atmo sphere to the maxi mum 

permi s s i b l e concentrat i on o f  Kr-85 . The NRC staff ' s  "best  effort" e s t i mated t i me requ i red to construct a scal ed- up 

( 150- 200 scfm) abso�pt i on system at TMI i s  at l east 16 months , but a l onger t i me may be needed , depe nd i n g  on the 

n umber and comp l ex i ty of prob l ems that cou l d  ari se  duri ng the des i gn ,  p rocurement , constructi o n , testi ng , o r  

operati on  phases o f  such  a project.  Based on  p r i o r  ope rat i ng experi ence , the occupat i o n a l  expos ure d u e  t o  

p roce s s i ng shou l d  b e  very l ow . Doses  to the pub l i c  wou l d  be negl i b i b l e s i nce o n l y  mi n i ma l  l ea kage of Kr- 85 from 

the system i tse l f  i s  expecte d .  T h e  e s t i mated occ upat i onal  expos u re res u l t i ng from extended o ns i te storage i s  

90- 170 person- rem . ( See  Secti on 6 . 8 . ) See Sect i o n  6 . 9 for a d i s c u s s i on of transportati on and offs i te d i s p o s a l . 

Wo rst case acc i dent scena r i o s  do not res u l t  i n  threats to pub l i c  hea l th  and safety .  

6 . 4  

6 . 4 . 1 

Charcoal  Adso rpt i o n  Systems 

I ntroduct i on 

The fo l l owi ng di scus s i o n  p re s ents the NRC s taff  e v a l uat i o n  of a non regenerat i ve charcoal  adsorber system . T h i s 

system i s  s i m i l ar to those used  i n  b o i l i ng water reactor ( BWR ) off-gas treatment  systems wh i c h  are rout i ne l y  

used  t o  reta i n  nob l e  gas e s  for decay p r i o r  to the i r  re l ease  to the e n v i ronme n t .  The s taff  eval uated both the 

amb i ent tempe rature and refri gerated charcoal  adsorber systems . Both systems wou l d requ i re extreme l y  l arge  

v o l umes o f  charcoa l ; the amb i en t  system wou l d  requ i re 34 , 000 tons  and the refri gerated sys tem 12 , 000 ton s .  Both  

charcoal  systems when  operat i ng n o rma l l y  wou l d  have  no re l eases a s s oc i ated wi th them ; however , duri ng  anti c i pated 

operat i onal  occurrences mi nor  re l eases  can be expecte d .  S i nce nob l e  gases do not react chemi cal l y  w i t h  c harcoal , 

l ong- term s urve i l l ance wou l d  be req u i red . 

A regenerati ve c harcoa l adsorber system was proposed i n  a publ i c  commen t .  T h e  N R C  staff h a s  dete rmi ned that 

th i s propo s a l  is  not feas i b l e  and it is  not recommended . A d i s c u s s i on o f  th i s p ropo s a l  is  conta i ned i n  

Sect i o n  9 . 5 . 16 .  

6 . 4 . 2  System Descr i pt i o n  and Ope rati on 

Amb i ent Charco a l  Sys tem.  The trans fer of  rad i oacti ve a i rborne acti v i ty from the reactor b u i l di ng to the amb i ent  

charcoal  system wou l d  fo l l ow the s ame f l ow- path descri bed
· 

for the purge system . The rad i oacti ve a i rborne acti v i ty 

from the reactor bu i l d i ng atmosphere wi l l  conta i n moi sture . I f  the charcoal  i n  the adsorber system i s  exposed  

to humi d i ty i n  exces s  o f  3% , the charcoal  wou l d  l os e  i ts capac i ty to adsorb krypton . The major  fract i on o f  the  

mo i sture wou l d  be removed as  the a i rborne acti v i ty passed through the coo l er conde n s e r .  Add i t i onal  mo i sture  
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remova l cou l d  b e  accomp l i s hed by pas s i ng the gas through a des s i cant drye r .  I n  the event o f  a n  operat i ona l 

upset , where exces s i ve mo i sture or other gases wou l d  pass  through the mo i sture- removal  equi pment , a guard bed  or  

tank cou l d  be used to p rotect the ma i n  charcoal bed .  The usual  guard- bed vo l ume i s  2 t o  3 ft3 . The mai n c harcoa l 

beds wou l d  c o ns i s t o f  tanks  conta i n i ng charcoa l , wh i c h  wou l d  be arranged i n  45 rows of 1 0  ta n ks p e r  row.  S t o rage 

tanks rather than p i p i ng wou l d  be used to fac i l i tate i n i t i a l  l oad i ng of  the charcoa l . If breakthrough oc c u rred 

in  a bed , the bed wou l d be  i so l ated and used to store the Kr-85 .  Based on staff  ca l cu l ati ons , approx i mate l y  

34 , 000 tons  o f  charcoa l wou l d  b e  requi red t o  absorb the krypton i n  the U n i t  2 reacto r b u i l d i ng atmosphere . T h e  

tanks wou l d  requ i re manho l e s o n  the top f o r  l oadi ng o f  the charcoa l . E a c h  tan k  wou l d  h a v e  i s o l at i on v a l v e s  

manua l l y  ope rated t o  i so l ate the tan k and remove i t  from serv i ce .  F i gure 6 . 4- 1  prov i des a f l ow d i agram o f  t h e  

amb i ent charcoal  adsorbe r system . 

Based on s hop- fab r i cati ng  capab i l i t i e s  and on sh i ppi ng cons i derati ons , the max i mum tan k  s i ze wou l d  be 12 feet i n  

d i ameter and 50 feet i n  l ength . The system wou l d req u i re 450 tanks . Hous i ng the tan ks wo u l d  req u i re a b u i l d i ng 

700 feet l ong , 150 feet w i de ,  and 60 feet h i gh .  F i gure 6 . 4-2 prov i de s  the conceptua l l ayout for  the b u i l d i ng to  

house the charcoa l system . 

Refri gerated Adso rber Sys tem.  The transfer of  rad i oacti ve  a i rborne act i v i ty from the reactor bu i l d i ng to the 

refri gerated c harcoal  adsorber system fol l ows the same path as t hat for the amb i ent system. The refr i gerated 

system offers the benefi t o f  i nc reas i ng the  adsorpt i o n  coeffi c i ent by a factor of  from 2 . 5 to 3 compared \N i t h  

t h e  amb i ent system. The i nc reased adsorpt i o n  coeff i c i ent reduces the vo l ume of charcoa l  req u i red by the s ame 

factor .  The refore , a ref r i gerated charcoa l adsorber system wo u l d  req u i re approx i mate l y  1 2 , 000 tons of  c h a rc oa l . 

Howeve r ,  the advantage gai ned by reduced charcoa l vo l ume i s  offset by i nc reased system comp l ex i ty .  A mal f u n c t i o n  

o f  the refri gerat i o n  equi pment cou l d cause system s hutdown for ma i ntenance . A vau l t  wou l d  have to b e  c o n s tructed  

and ma i ntai ned at 0° F w i t h  a mec han i c a l  refri gerat i o n  un i t  to coo l the charcoal  and  to house  the  tanks . T h e  

system des i gn m u s t  be capab l e  of  wi thstand i ng l os s  o f  coo l i ng a n d  correspond i ng pres s u re bui lDup . The  s t a f f  

esti mates that i t  wou l d  take from 2 t o  4 years t o  des i gn t h e  system , procure needed materi a l s ,  fabri cate t h e  

system a n d  b u i l d i ng t o  h o u s e  i t ,  a n d  t o  perform preoperati onal  tests . 

6 . 4 . 3 Occupat i on a l  Expos u re 

The des i gn c r i te r i a for both the amb i e nt and refri gerated c harcoal 

ma i ntai n occupat i o n a l  expo s u re "as l ow as reasonab l y  achi evab l e . " 

des i gned for f u l l nob l e  gas retenti o n  on charcoa l beds , the o ns i te 

adsorpti on  systems wou l d  i nc l ude featu re s  to 

S i nce the charcoal  adsorpt i o n  systems are 

tota l body dose has been ca l c u l ated to b e  

app rox i mate l y  4 7  person- rems . Th i s  tota l body d o s e  i s  based o n  anti c i pated mai ntenance a n d  surve i l l ance d u r i ng  

p roce s s i ng and sto rage . 

6 . 4 . 4  E n v i ronmental  I mpact 

A prope r l y  operat i ng c harcoa l adsorber system wou l d f u l l y  treat and store the Kr- 85 i n  the reacto r b u i l di ng 

atmosphere . Therefore , the  rad i o l og i ca l  i mpact o f  a norma l l y  operat i ng charcoal  adsorber  system wou l d  have no  

offs i te dose effect . 

6 . 4 . 5 Acc i dent  Analys i s  

Amb i ent Charcoal  Sys tem . Thi s system wou l d req u i re 450 tanks o f  charcoa l . The radi oacti ve content o f  e a c h  

suce s s i ve t a n k  wou l d  decrease as  t h e  concentrati on o f  Kr-85 i n  the  reacto r b u i l d i ng decreases . T h e  tank  \N i t h  

the h i ghest acti v i ty wou l d  conta i n 1 430 curi e s .  A s s um i ng  that t h e  charcoal  i s o l at i o n  va l ve f o r  th i s  tan k f a i l s  

and the enti re 1430 c u r i e i nvento ry escapes , the staff e s t i mates that the doses at the s i te boundary to t h e  

maxi mum exposed i nd i v i dual wo u l d  be 41 mrem b e t a  s k i n dose and 0 . 5 mrem tota l body gamma dos e .  
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Refr i ge rated Ads o rber  System.  Th i s  system wou l d  req u i re 1 50 tanks of charcoa l .  

s ucceedi ng tank wou l d  dec rease as the act i v i ty i n  the reactor b u i l d i ng decreased . 
. 

The rad i oact i v i ty i n  eac h 

The tank  wi th the h i g h e s t  

act i v i ty wou l d  conta i n approxi mate l y  4300 Curi es . I f  the same acc i dent  a s s umpt i o n s  are used for thi s e va l uati o n  

a s  were used above , t h e  resu l ti ng doses wou l d  b e  i ncreased by a factor o f  3 .  Therefore , a beta s ki n  dose o f  124 

mrem and a total body d o s e  gamma of 1 . 5 mrem cou l d be expecte d .  

S ummary 

I t  i s  poss i b l e  to remove the Kr-85 from the reactor b u i l d ·i ng wi th e i ther room- temperature or refri gerated c h a rc o a l  

adsorber systems . T h e  p r i mary advantages of  the room- temperature charcoal  adsorber sys tem are s i mp l i c i ty o f  

operat i o n  a n d  t h e  capac i ty t o  accommodate extreme l y  rad i oacti ve gas m i xture s . Howeve r , the maj or  di sadva n tage 

for a room- temperature c harcoa l  adsorber system is the l arge vo l ume of  charcoal  it requ i re s .  A refri gerated 

charcoal  adsorber  sys tem wou l d  reduce the v o l ume of  charcoa l requ i re d .  Howeve r ,  t o  ga i n  a reduct i on i n  c harco a l  

v o l ume , a n  i ncrease i n  e q u i pment comp l ex i ty wou l d  res u l t .  S i nce the pri mary form o f  rad i oact i v i ty i n  the react o r

b u i l d i ng atmosphere i s  Kr-85 , a nob l e  gas fi s s i on p roduct that does not ordi nari l y  react chemi ca l l y ,  the c ha rc o a l 

adsorber wou l d  funct i o n  as a phys i ca l  adsorber to retai n the Kr-85 . Loaded charcoal  beds wou l d  then have to  

rema i n i n  storage app rox i mate l y  100  years  to  perm i t  rad i oac t i v e  decay o f  Kr-85  to  i ns i gn i f i cant l eve l s .  T h e  N R C  

s taff h a s  e s t i mated t h a t  a charcoal system cou l d  b e  made operat i onal  i n  2 - 4  years . T h i s l ead t i me i s  unaccepta b l e 

for those reasons d i s c u s s ed i n  Sect i o n  5 . 0 .  

6 . 5 Gas Compre s s i o n Sys tem 

6 . 5 . 1 I nt roducti on  

The gas  comp res s i on system i nvo l ves drawi ng off the reactor b u i l d i ng atmosphere i nto s u i tab l e  pres s u r i zed s torage 

conta i ners so  that  the enti re i nventory of  Kr-85 , rema i ns in  pre s s u r i zed sto rage for approx i mate l y  100  ye a r s  t o  

permi t rad i oacti ve decay to i ns i gn i f i cant l eve l s .  Thi s system wou l d  reduce the Kr-85 concentrat i o n  i n  the 

reactor b u i l di ng by  feed-and- b l eed operat i o n  to the maxi mum permi s s i b l e  concentrat i o n  of 1 x 10- 5 � C i /cc . To  

accomp l i s h  t h i s ,  approxi mate l y  23 m i l l i on cub i c  feet ( 11 . 5 reactor- b u i l di ng v o l ume s )  wou l d  have  to be  p ro c e s s e d  

by t h e  system . 

The staff has rec e i ved a number of l etters from the p u b l i c  s uggesti ng a l ternati ves to the o n s i te purg i ng o f  t h e  

Kr-85 gas . I n c l uded were s ugge s t i o n s  for compre s s i o n  and storage of Kr-85 and offs i te s h i pment wi th s u b s e q ue n t  

re l ease a t  a remote s i te .  Transportati o n  and offs i te di spo s a l  o f  Kr-85 are di scussed  i n  Secti on  6 . 9 .  Add i 

ti onal l y ,  comments o n  gas compre s s i on a l ternat i ves are addre s s ed i n  Secti on  9 . 0 .  

6 . 3 . 2 System Descr i pti on  and Ope rat i on 

The gaseous contents of the reactor b u i l d i ng wou l d  be trans ferred to pre s s u r i zed gas contai ners for  l o ng- t e rm 

storage . The conta i ners can be des i gned i n  vari ous  pres s u re/vo l ume comb i nat i o n s  to accommodate the reacto r

bui l d i ng gases . 

To reduce acti v i ty i n  the reactor b u i l d i ng to max i mum perm i s s i b l e  conce ntrati ons , a tota l of 11 . 5 reactor 

b u i l d i ng vo l umes ( 23 mi l l i o n  c ub i c  feet )  wo u l d be trans ferred to sto rage . The compressed gas tra i n wou l d  i nc l ude  

gas  drye rs , a charcoa l adsorbe r , a HEPA f i l te r ,  th ree gas  compressors , sto rage conta i ners , and a s s oc i ated p i p i n g  

and val ves . F i gure 6 . 5 - 1  prov i des a f l ow d i agram o f  the system.  The  comp re s s e d  gas wo u l d  rema i n stored o n  t h e  

s i te f o r  approx i mate l y  1 0 0  years to a l l ow t h e  Kr-85 to decay to i ns i gn i f i cant l eve l s .  T h e  mi n i mum v o l ume f o r  

t h e  storage system wou l d  res u l t i f  t h e  g a s  we re stored a t  the h i ghest  poss i b l e pre s s ure . T h e  practi ca l  u pper  

pres s u re l i m i t  for gas  storage is  2500  ps i g .  At  thi s press ure , 80 , 000 standard gas  · bott l e s  ( 1 . 54 c ub i c  feet)  

wou l d  be needed to store the  gas . An a l ternat i ve to extended ons i te s to rage wou l d  be to pac kage the gas for 
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offs i te d i sposal . T h i s a l ternat i ve i s  d i s c u s s e d  i n  Sect i on 6 . 9 .  At the other end of the spectrum i s  a l a rge

vol ume , l ow- pre s s u re storage system . For  examp l e ,  i f  a contai ner the s i ze o f  the exi sti ng  reacto r bu i l d i ng were 

cons tructed , the gas cou l d  be s to red at 170 ps i g .  

The General  Pub l i c  Uti l i t i e s  Corporati on (GPU)  contracted w i t h  MPR  Associ ates t o  i nvesti gate the mo s t  p ract i ca l  

means f o r  stori ng t h e  compressed gas ( Re f .  21 ) .  M P R  recomme nded a l ow-p res s u re storage system i n  wh i c h  t h e  g a s  

wou l d  be stored a t  340 ps i g  i n  36- i nch outs i de- d i ameter s tandard-wa l l p i pes . O n e  m i l l i o n  c ub i c  feet o f  s t o rage 

v o l ume wou l d  be requ i red , wh i c h  wo u l d  be equ i v a l ent to 150 , 000 l i near  feet , o r  28 m i l e s o f  p i pe .  The propo s ed 

p i pe storage comp l ex i s  d i v i ded i nto two maj o r  secti o n s  ( h i gh act i v i ty and l ow act i v i ty )  to mi n i m i ze s h i e l d i ng 

requ i rements . The h i gh-acti v i ty p i p i ng sect i o n  wou l d  i nc l ude 20% of the pi p i ng and wo u l d conta i n  90% of t h e  

Kr-85 . T h e  h i gh-acti v i ty sect i o n  wou l d  be segregated i nto f i ve un i ts t o  l i m i t  Kr-85 re l ea s e s  i n  t h e  event o f  

l eakage and to opt i m i ze i nherent s h i e l d i ng .  Low- acti v i ty p i pe u n i ts wou l d  be p l aced to the outs i de of  the 

s torage area to act as a s h i e l d  for the h i ghest act i v i ty u n i ts i n  the  cente r .  The b u i l d i ng t o  house t h e  h i g h 

acti v i ty p i p i ng ,  t h e  f i l ters , d ryers , a n d  g a s  comp res sors , wou l d  be 2 6 0  feet l ong , 90 feet wi de , and 30 f e e t  

h i g h .  S i x  i nches of  concrete s h i e l d i ng a r o u n d  t h e  h i gh- act i v i ty � i p i ng wou l d  be req u i red . The l ow- act i v i t)' 

p i pe secti on  wou l d  contai n 80% o f  the tota l p i p i ng and 10% o f  the Kr-85 . The bu i l d i ng for hous i ng the l ow

acti v i ty p i p i ng wou l d  be 220 feet l ong ,  160 feet wi de ,  and  60 feet h i gh .  I t  wou l d  requ i re n o  s h i e l d i ng .  

6 . 5 . 3 Occupati ona l  Expos u re 

No s i gn i f i cant amount of rad i ati on  expos u re s ho u l d  be i nc u r red by p l ant personnel  dur i ng ope rat i o n  o f  the g a s  

comp re s s i o n  system . A l l system components a re re l ati v e l y  s i mp l e  a n d  shou l d  requi re m i n i ma l  mai ntenance d u r i n g  

g a s  p roces s i ng .  · S hou l d  ma i ntenance be requ i re d , m o s t  components cou l d  be i so l ated a n d  purged t o  decrease rad i at i on 

exposure duri ng repai rs .  The staff esti mates an occupat i on a l  expos u re of approxi mate l y  s i x  person- rems d u r i n g  

operati on  and mai ntenance . 

Peri od i c  ma i ntenance of the l ong- term sto rage system i s  a potenti a l  s o u rce o f  occupat i o n a l  exp o s u re .  A l tho u g h  a 

system can  be de s i gned for ma i ntenance- free operat i o n , i t  wou l d  be unrea l i s t i c to a s s ume that some mai nte n a n c e  

�ou l d  n o t  be necessary duri ng t h e  approx i mt e l y  1 0 0  years o f  s torage requi red .  The  staff e s t i mates that s u rv e i l 

l ance and ma i ntenance duri ng l o ng-term sto rage wou l d  re s u l t i n  a n  occ upati ona l  expos u re o f  approx i mate l y  42 
person- rems . 

6 . 5 . 4  Envi ro nme nta l I mpact 

Krypton-85 can be removed from the reactor b u i l d i ng and sto red i n  pres s u r i zed conta i ners w i t h  mi n i ma l  re l ea s e  to 

the envi ronment . The res u l ti ng doses to the p ub l i c  due to the anti c i pated mi nor re l eases  wo u l d  be i ns i gn i f i cant . 

A l though s ubsequent l ong-term sto rage i n  p re s s u r i zed conta i ners ons i te wi l l  not a ffect the e n v i ro nme nt- d i r e c t l y ,  

the potent i a l  for acci denta l re l eases wi l l  rema i n  fo r over  100 years a s  the stored Kr-85 decays . 

6 . 5 . 5 Acc i dent  Analys i s  

The gas compre s s i on proce ss  was ana l yzed for i ts rad i o l og i c a l  consequences fo l l owi ng a n  acci denta l re l ea s e  o f  

c omp re s s e d  gas from the sto rage system . The rad i o l ogi c a l  consequences o f  a fai l ure i n  the feed t ra i n we r e  n o t  

ana l yzed s i nce i t  was a s s umed that the feed p rocess  wo u l d  b e  i so l ated we l l befo re the acc i dental  re l ea s e  

app roached a magni tude wh i c h  wou l d . equa l a re l ease  fo l l owi ng a sto rage- system fai l u re . The  acc i dents a n a l yz e d  

therefore , represent t h e  most severe occurrences wi th respect t o  the i r potent i a l  exp o s u re potent i a l  at  the  s i te 

boundary .  Anal yses were performed o n  acc i denta l re l eases from several  sto rage confi gurati o n s . 
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A s s um i ng the compressed gas storage system i s  segregated i nto four u n i ts , postu l ated u n i t fai l u re wi th a s ub s e q u e n t  

rel ease of 14 , 250 C u r i e s  to the  env i ronment i n  a two- hour per i od wou l d  res u l t  i n  a s i te boundary tota l - body 

gamma dose of 5 . 0 mrem and  a beta s ki n dose of 410 mrem a s s um i n g  a conservat i ve X/Q of 6 . 8 x 10
- 4 sec/m3 • T h e  

total body gamma d o s e  i s  a sma l l fract i on o f  t h e  l i mi t s e t  forth i n  10C F R  Part 1 0 0  ( Re f .  15 ) ;  10CFR Part 1 0 0  

does n o t  i nc l ude a l i m i t  f o r  b e t a  s ki n  exposure .  

Summary 

The gas compres s i on system offers several  advantages . The gas compres s i on sys tem i s  essenti a l l y  a " ze ro re l ea s e "  

system wh i c h  cou l d b e  operated t o  deco ntami nate t h e  reactor- b u i l di ng atmosphere wi th  i ns i gn i f i cant envi ronme n t a l 

i mpac t .  The occupat i o na l  exp o s u re res u l ti ng from operat i on and l ong- term s u rve i l l ance of the sys tem i s  e s t i mated 

to be 41 person- rems . The  maj o r  d i sadvantages of� the gas compre s s i on sys tem i s  the exte n s i ve t i me requ i red  t o  

b u i l d  and i nstal l t h e  system ( 25 t o  35 months ) .  T h e  N R C  staff cons i ders th i s  ti me� peri od unacceptab l e  f o r  t h e  

reas ons  d i scussed i n  Sect i o n  5 . 0 .  

6 . 6 C ryoge n i c  P roces s i ng System 

6 . 6 . 1 I ntroduct i on  

A potent i a l means  o f  decontami nati ng the contami nated reactor- b u i l d i ng atmosphere i s  through the use  of  a c ry o g e n i c  

proces s i ng system . The operat i ng pri nc i p l e o f  the c ryoge ni c p roces s i ng sys tem i s  the condensati on  o f  Kr-85 f rom 

the  i ncom i ng a i r  by d i rect contact wi th l i qu i d  n i trogen ( b o i l i ng poi nt , - 195 . 8°C ) . The l i que f i ed  Kr-85  wou l d  be  

a l l owed to concentrate and wou l d  then be vapori zed and transferred to an  o ns i te sto rage fac i l i ty for s u b s eq u e n t  

d i spos i t i o n .  Use  o f  the l i quefacti on  o r  c ryogen i c  p roces ses h a s  b e e n  recomme nded b y  vari ous  members of  t h e  

pub l i c .  

The NRC s taff has eval uated the avai l ab i l i ty o f  a n  ex i st i ng c ryoge n i c  proces s i ng system ( C P S )  a t  a comme rc i a l 

b o i l i ng water nuc l ear powe r p l ant to deco ntami nate the reacto r- bu i l d i ng atmo sphere . The c ryogen i c  sys t e m  h a s  

n e v e r  been p l aced i nto operat i o n a nd i s  b e i ng o ffe red f o r  s a l e  b y  i ts c u rrent owne r  because o f  anti c i pated h i gh 

ppe rat i ng costs and  the degree of conti n ued ma i ntenance that the u n i t wou l d  requ i re .  A l though the sys tem  i s  

avai l ab l e  for p u rc hase and use  by the l i ce n see , the e recti o n  o f  a new b u i l d i ng wo u l d  be requi red to hou s e  the  

system because o f  the  need  to  conf i ne anti c i pated l ea kage f rom the  CPS . The b u i l d i ng wo u l d  be approx i ma te l y  110  

feet  l ong by 72 feet wi de and wo u l d  vary i n  he i ght  from  20 feet  to 35 feet . 

6 . 6 . 2  System Desc r i pt i on and  Ope rat i o n 

I f  i nstal l ed ,  the c ryoge n i c system wou l d connect wi th the reacto r b u i l d i ng through the ex i st i ng hydroge n - c o n t ro l 

system . The contami nated a i r f rom the reactor b u i l d i ng wou l d  be tra nspo rted to the c ryoge n i c  p roce s s i n g system  

in  the  adjacent b u i l d i ng a fte r pass i ng th rough the  HEPA f i l ters and charcoa l adsorber  of  the  hydrogen c o n t r o l 

system . 

The c ryoge n i c p roce s s i ng system cons i s t!>  of three proces s i ng tra i n s .  The maj o r  components of each trai n a r e  t h e  

prefi l ter , cata lyt i c  recomb i ne r ,  aftercoo l e r ,  a n d  c ryoge n i c  treatment s ubsystem . T h e  t h ree proces s i ng t ra i n s  

are supported by a hydrogen s torage sys tem , a l i qu i d- n i trogen storage sys tem , and  a nob l e - gas s torage sys tem . A 

f l ow di agram of the c ryoge n i c  proces s i ng system i s  shown i n  F i gure 6 . 6 - 1 .  T h e  c ryoge n i c  proces s i ng sys tem c a n  

p rocess  a i r  from the reacto r b u i l d i ng a t  a f l ow rate o f  approxi mate ly 2 2 5  s c fm .  Afte r pas s i ng through t h e  H E PA 

f i l ters  and charcoal  adsorbers of the hyd rogen contro l system for removal  of trace quant i t i es of a i rbo r n e  r a d i o

acti ve part i c u l ates , the a i r f rom the reactor bu i l d i ng wou l d  be heated i n  the CPS  preheater p r i o r  to i n j ect i o n  

i nto the CPS cata l yti c recomb i ner  for  oxygen removal  and correspond i ng v o l ume reduct i o n  o f  the recomb i n e r  e f f l u e n t .  

The eff l uent gas f rom the recomb i ner wo u l d  then b e  coo l ed i n  a downstream a ftercoo l er a n d  d i rected t o  t he c ry o g e n i c  
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treatme nt subsystem { CT S ) .  T h e  maj or  components of  t h e  C T S  cons i s t of  two f e e d  compre s s o rs , a gas pre h e a te r ,  a 

trace recomb i ne r ,  an a ftercoo l e r ,  a separator , three prep u r i f i e is , a coo l down heat exchange r ,  a remo v a l  c o l umn , 

a conde nser  heat exc hange r ,  a phase sepa rato r ,  a decay c o l umn , a hydrocarbo n convers i o n  u n i t ,  and  an amb i e n t  

heate r .  {A f l ow d i agram o f t h e  cryoge n i c  treatment s ubsystems i s  s hown i n  F i gure 6 . 6 - 2 . ) 

The e f f l uent gas from the CPS aftercoo l e r wou l d  enter the sucti on  s i de of the CTS feed comp ressors . T h e  feed 

comp re s s o rs wou l d  tra n s port the gas through ·the pre heater , trace recomb i ner  and afte rcoo l e r for gas  h e a t i ng ,  

remova l o f  trace quanti t i es  of  oxyge n ,  and gas coo l i ng ,  respecti v e l y .  Moi sture wou l d  be removed from t h e  coo l e d  

gas i n  a downstream separato r .  The g a s  wo u l d  t h e n  e nter t h e  p repu r i f i e r  f o r  removal  of carbon d i ox i de a n d  a ny 

rema i n i ng mo i sture . The puri f i ed gas wo u l d  then e nter the coo l down heat exchanger to reduce the gas temperature 

to  approxi mate l y  - 29° F .  The  ch i l l ed gas wou l d e nte r the removal  c o l umn where  the  methane and nob l e  ga s e s  

{ e ssenti a l l y  Kr-85 and s tab l e  krypton ,  xenon , and argo n )  wo u l d  b e  removed by condensat i o n  from counte r f l owi n g  

l i q u i d n i trogen t o  c o l l ect i n  a poo l a t  the bottom of the remova l  co l um n .  At peri od i c  i nterva l s ,  the c o n de n s e d  

methane a n d  nob l e  g a s  p o o l  wo u l d b e  vapo ri zed a n d  removed from the co l umn v i a  t h e  C P S  product comp res s o r  a n d  

compre s s e d  i nto storage vess e l s  for o ns i te sto rage at amb i e nt temperatu res . See Secti o n  6 . 8 for a d i s c u s s i o n o f  

ons i te storage . The l i censee esti mates that i t  wou l d take from 20 to 30 months to put the system i nt� operati o n .  

F rom co n s u l tati ons  wi th construct i o n  engi neers at Oak Ri dge Nati onal  Laborato r i e s  and i n  the n uc l ear i n d us t ry , 

the staff esti mates that i t wou l d  take a mi n i mum of 20 months to get any CPS operati ona l . 

6 . 6 . 3 Occupat i o nal  Expo s u re 

Of a l l the a l ternati ve systems con s i dered for the decontami nat i o n  of the reactor b u i l d i ng atmosphere , t h e  C P S  i s  

the most comp l ex i n  that i t  cons i s ts of  more and var i ed components than the other systems and i s  expec t e d  to 

requ i re a greater degree of mai nte nance duri ng operat i o n .  In add i t i o n , the system operates at po s i t i v e pre s s u re 

{85 ps i g )  so l ea ks must be c o n s i dered as an anti c i pated ope rati ona l  occurrence . I f  l ea kage from the sy s tem 

occurred down stream of  the CTS removal  c o l umn , that l ea kage wou l d  conta i n  h i g h l y  conce ntrated Kr-85 { t h a t  i s ,  a t  

l east three o rders o f  magn i tude h i gher than i n  preced i ng port i o n s  o f  the system) . Therefore , the expo s u re to 

wo rke rs operati ng and ma i nta i n i ng the CPS  is ant i c i pated to be greater than that o f  any o f  the other t rea tme n t  

a l ternat i v e s .  T h e  l i censee  esti mate s the expos u re t o  wo rkers due t o  proces s i ng ,  ma i ntenance , a n d  requ i re d  

s u rvei l l ance acti v i t i e s  duri ng l o ng-term ons i te sto rage o f  the Kr-85 , wo u l d  b e  app rox i mate l y  570 pers o n- rems . 

Most { approxi mate l y  90%)  o f  th i s esti mated expos u re wou l d  occur because of s u rvei l l ance acti v i t i e s { i n s e rv i ce 

i nspect i o n  o f  compone nts , ma i ntenance , and samp l i ng )  assoc i ated w i t h  the l ong-term storage of Kr- 8 5 .  T h e  staf f , 

however , does not agree w i t h  the l i censee ' s  esti mates of the frequency and dose rates that cou l d  be e n c o u ntered  

duri ng s u rve i l l a nce acti v i t i e s  nor  w i t h  l i censee e s t i mates that  expos u re to wo rkers wou l d  be in  the range o f  1 37 

to 255  person- rems . The staff ' s  l owe r esti mate i s  based o n  the emp has i s  that wou l d be p l aced o n  ma i nt a i n i ng 

i np l ant expos ure A LARA and on the assumpti on  that workers wo u l d  spend l e s s  t i me i n  h i gh-dose- rate area s than  t h e  

l i censee has e s t i mate d .  The l i censee agrees that extra steps cou l d  b e  take n duri ng  des i gn ,  e n g i nee r i n g , a n d  

cons truct i o n  stages t o  reduce worker expos ure ; howeve r ,  they s tate that such  changes wou l d  s i gn i f i cant l y  exte n d  

the  20- t o  30-month per i od e s t i mated for i mp l eme ntat i o n  o f  the CPS . The NRC staff bel i eves  that i f  ALARA concepts 

are i mp l emented i n  the i n i t i a l eng i nee r i ng  and des i gn efforts for the fac i l i ty ,  the s chedu l e  wou l d n o t  be s i gn i f i 

cant l y  extended . 

6 . 6 . 4  Env i ronmental  Impact 

The CPS , des i g ned for a removal eff i c i e ncy o f  99 . 9% i s  not , therefore , a " ze ro- re l ease"  system.  D u r i n g  t he 

esti mated 2- 1/2 months that wou l d  be req u i red to p roce s s  the reacto r-bu i l d i ng atmosps here , approxi mate l y  60  

curi es  of  Kr-85  wou l d  be d i s charged i n  the puri f i ed gas e f f l uent from the sys tem . In  add i ti on to th i s . a n  

unspec i f i ed amount o f  Kr-85 wou l d b e  d i s c harged to the envi ronment due to ant i c i pated l ea kage f rom t h e  system . 

The s taff  b e l i eves that the CPS  can be de s i gned to m i n i mi ze the e n v i ronme nta l i mpact o f  uncontro l l ed l e a kage by 
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j ud i c i ou s  mon i to r i ng and rap i d  sys tem i so l at i o n  upon i nd i cat i on  of an upset condi t i o n .  I n  a ny event , t h e  s ta f f  

esti mates that t h e  env i ronmental i mpact duri ng normal ope rati o n  of t h e  CPS  wou l d  be i ns i gni f i cant ( i . e . , l e s s  

than 0 . 01 mi l l rems beta s ki n  dose and 0 . 0002 mi l l i rems tota l - body gamma dose , a s s um i ng  a X/Q o f  5 x 10
- 5 s e c /m3 ) .  

6 . 6 . 5 Acci dent Ana l ys i s  

The CPS  was anal yzed for the hypotheti ca l  worst-case fai l u re o f  the Kr-85 sto rage system . Th i s  fai l u re a s s umes  

the rupture of  a l l gas  storage v e s s e l s and a correspo ndi ng b reach of the secondary storage contai nment s tructure . 

U nder these  c i rcumstance s ,  the enti re Kr- 85 i nventory of approxi mate l y  57 , 000 cur i e s  i s  a s s umed to be re l e a s e d  

to t h e  e n v i ronment o v e r  a two- hour per i o d .  B a s e d  o n  annua ·l ave rage meteoro l ogi cal  cond i t i o n s , t h e  ca l c u l a t e d  

tota l - body gamma rad i ati o n  exposure t o  a person  a t  t h e  s i te boundary wou l d  be 20 mi l l i rems , wi th a correspo n d i n g  

beta s ki n  d o s e  o f  1 7 0 0  m i l l i rems , a s s um i n g  a X/Q o f  6 . 8  x 10- 4 sec/m3 • Thi s ca l c u l ated tota l - body dose  i s  a 

smal l fracti on of the l i m i ts  set forth i n  10C F R  Part 100 ( Re f .  15) . There are no s ki n dose l i mi ts i n  10 C F R  

Part 100 . 

6 . 6 . 6 A i r Products and Chemi cal s ,  I n c . , and MITRE  Corp .  Systems 

The CPS  d i scus sed i n  the p recedi ng secti on  was chosen  as a typ i cal  cryoge n i c system that i s  curre n t l y  ava i l ab l e .  

Th i s  system i s  de s i gned by Li nde D i v i s i on o f  the U n i on  Carb i de Corporat i o n .  Another curre n t l y  avai l ab l e  C P S , 

wh i c h operates by essenti a l l y  the same p r i nc i p l e ,  i s de s i gned by Ai r P roducts and  Chem i ca l s ,  I nc .  T h i s system 

a l so uses  the bas i c  two- s tep proces s ,  wh i c h  cons i sts o f  hydrogen and oxyge n recomb i nati on , and then remo v a l  and  

concentrat i o n  o f  the  rad i oacti ve gas by  c ryogen i c  d i s ti l l at i o n .  

Yet another C P S  was descri bed by the M I T R E  Corporati o n .  Th i s  system proposa l , whi l e  u s i ng the same c ryoge n i c  

tech n i ques , wou l d  i nc l ude a c l osed recyc l e  to the reactor b u i l d i ng .  The propo s a l  states that the system wo u l d  

a l so emp l oy several  other u n i que features i nc l udi ng a normal krypton makeup fee d , and  a process  comb i nat i o n o f  

a i r  separat i on p l ant , krypton di st i l l at i o n  c o l umn , a n d  mo l ec u l ar s i eve f i l ter b e d  t o  remove t h e  Kr-85 . T h e  

proposed project schedu l e  tota l s  1 1  months , wh i c h wou l d  a l l ow n i ne months for procurement , fab r i cat i o n  m o d i f i ca

ti ons , and i nstal l at i on , and two months for the startup , debugg i ng ,  sys tem opt i m i zat i o n , and  removal  o f  t h e  

Kr-85 . Howeve r ,  the sched u l e does not c o n s i der the need for a new bui l d i ng to house  the system . The N R C  staff , 

based on the d i scus s i o n  i n  Sect i o n  6 . 6 . 2 ,  b e l i eves th i s s c hedu l e  to be an unreal i s t i c a l l y  short es t i mate . 

Summary 

The c ryoge n i c  system eval uated here i s  es senti a l l y  the same as the other current l y  avai l ab l e  CPS . A d i f f e r e nce 

noted i s  the add i t i o n of a hydrogen supp l y  to the recomb i ner i n  the L i nde system to further avo i d  oxygen accumu l a 

t i o n .  The MITRE  sys tem , wh i ch i nc l udes an  ai r- separati o n  tec h n i que a n d  a recyc l e  t o  the reactor b u i l d i ng ,  wou l d  

requ i re add i t i onal  fabr i cati on , and more i mpo rtant l y , may requi re proof-test i ng before f i n a l i zati on o f  a sys tem 

des i gn .  

The pr i ma ry advantage o f  each CPS proposed i s  that the offs i te envi ronme nta l i mpacts e i ther from operat i o n  · o f  the 

sys tem or  from worst case acci dent scena r i o s  are i ns i gn i f i cant .  Sel ecti on of  any CPS as  the best a l ternat i v e  i s  

not wi thout i ts d i sadva ntages , howe v e r .  F i rs t , de s i gn ,  cons truct i o n , hou s i ng ,  and  tes t i ng the CPS  wo u l d re s u l t  

i n  s i g n i f i cant de l ays i n  the TMI c l eanup effort . From NRC staff c o n s u l tat i ons  wi th cons truct i on engi nee r s  at 

O a k  R i dge Nati onal  Labo rato ry and i n  the n uc l ea r  i ndustry ,  we esti mate that it wou l d  take a m i n i mum o f  2 0  m o nths 

to get any CPS  operat i o n a l . Second , based o n  p r i o r  exper i ence , operat i o n and mai ntenance of each CPS  wou l d  be 

l i ke l y  to produce a re l ati ve l y  h i gh occupati o n a l  expos ure . F i na l l y , the ons i te sto rage o f  concentrated 

quanti t i e s  of  Kr-85 gene rated by each a l ternat i ve wou l d  requ i re l o ng- term peri odi c s u rve i l l ance and wo u l d 

accord i ng l y  rep re sent a conti n u i ng r i s k  to wo rkers o n  the s i te ,  as we l l  as to the p u b l i c .  
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6 . 7 Comb i nat i o n  Proc e s s  and Pu rge Systems 

6 . 7 . 1 I ntroduct i o n  

6 - 3 Q  

T h e  staff h a s  eval uated t h e  feas i b i l i ty o f  comb i n i ng a krypton- recovery system ( c ha rcoa l adsorpt i on ,  g a s  

compre s s i on ,  c ryoge n i c  p roces s i ng , o r  s e l ect i ve absorpt i on )  wi th o n e  o f  the b u i l d i ng- p u rge a l ternat i ves 

( hydroge n contro l  o r  reactor- b u i l d i ng purge system ) .  Th i s  comb i nati on  method wou l d  b e  performed i n  two s teps . 

F i rs t ,  a krypton- recovery system ( the p r i mary system ) wou l d  p rocess  and  conta i n  approx i mate l y  95% of the krypton  

from the reactor b u i l d i ng .  Then the rema i n i ng krypton ( app rox i mate l y  3 , 000 c u r i e s )  wo u l d  b e  p u rged t o  t h e  
e n v i ro nment through e i ther the hydrogen contro l  or  reactor- bu i l d i ng p u rge sys tem ( the secondary system ) . 

The c h i e f  advantage of th i s  a l te rna t i v e  i s  the s hortened t i me peri od , re l at i ve to the a l ternati ves di scu s s e d  i n  

Sect i o n s  6 . 3 - 6 . 6 ,  wh i c h wou l d  be requ i red to i m p l ement i t .  Th i s  advantage re s u l ts from sma l l e r sca l e  p r o c e s s i ng 

system requi rements . I f  a 95% Kr-85 removal  eff i c i ency i s  des i red w i th the pri mary system , appro x i mate ] )(  s i x  

m i l l i on cub i c  feet o f  contam i nated a i r wi l l  have to b e  processed before p u rg i ng c o u l d p roceed . I n  order to  

process  th i s  v o l ume wi th i n  app rox i mate l y  two months ( comparab l e  to  s l ow p u rge t ime)  the p r i ma ry sys tem wo u l d  

req u i re a f l ow capac i ty o f  75- 100 scfm . T h i s ,  pr i mary system used i n  comb i nati on  wi th purg i ng  wo u l d  req u i re 

f l ow o r  storage capac i ty ( i f  gas compress i on i s  chosen  as the p r i mary system)  app rox i mate l y  25- 33% of t h e  

capac i ty requi rement f o r  fu l l - s ca l e  krypton - recovery systems descri bed wi th i n  th i s  a s s e s sment . 

The s taff has e s t i mated a schedu l e  for ma ki ng  a comb i nat i o n  a l ternat i ve operati ona l . The two pri ma ry sy s tems 

that cou l d  be operati o n a l  i n  the l east t i me are the c ryoge n i c  proces s i ng sys tem ( C P S )  and the s e l ec ti ve a b s o rp

tion sys tem ( SAS ) .  The staff e s t i mates that the m i n i mum t i me s  for a f u l l - sc a l e CPS  or SAS to be operat i o na l  are 

20 mo nths and 16 months , respect i ve l y .  The charcoa l - adsorpti o n  sys tem and  gas- comp re s s i o n systems wo u l d  req u i re 

a m i n i mum l ead t i me of 24 months for f u l l - s ca l e  system avai l ab i l i ty and wo u l d  rep resent  a maj o r  construct i on 

e ffort . Even sca l ed- down , charcoa l adsorpt i on ( e . g . , 3000 to ns  of refr i ge rated charcoa l )  or gas compre s s i o n 

( e . g . , 7 m i l es of 35- i nc h  00 p i pe sto rage ) systems rep re s e n t  re l at i ve l y  i mpract i ca l  a l ternat i ves  compared to the  

CPS  and SAS . 

6 . 7 . 2  System Desc r i p t i on  

In  the NRC staff ' s  esti mati on , a scal ed- down CPS  wou l d  cons i s t o f  one  75- s c fm proces s i ng tra i n ( a s  oppo s e d  to  

three trai ns i n  the  f u l l - sca l e  system ) . The rema i nder o f  the CPS , i nc l ud i ng the  nob l e  gas  sto rage system , wo u l d  

remai n essenti a l l y  as des i gned for the f u l l - sca l e  sys tem ( see Sect i o n  6 . 4 . 2 ) .  The staff e s t i mates , based o n  the 

constructi on  of a sma l l b u i l d i ng for a CPS wi th one  proces s i ng trai n ,  that the l ead t i me for the CPS  m i g h t  be 

reduced , as compared to ful l sca l e ,  by as much as 4 months . Thus it  wou l d  s t i l l  take approx i mate l y  16 mo n t h s  to 

make a smal l - sca l e  CPS operati ona l  and an addi t i o n a l  two months to process  the f i rst s i x  m i l l i on c ub i c  fe e t  o f  

contami nated a i r .  A t  l east another month wo u l d  be req u i red f o r  purg i ng ,  a s s umi ng s umme r/fa l l  meteoro l og i c a l  

cond i ti ons  ( see Sect i o n  6 . 2 ) ,  t o  reduce the reactor b u i l d i ng concentrat i on  o f  Kr-85 t o  be l ow max i mum perm i s s i b l e  

concentrati ons  o f  Kr-85 ( that i s ,  l es s  than 1 x 10- s � C i /c c ) .  

The f u l l - sca l e  SAS des c r i bed i n  Sect i o n  6 . 3 wou l d  requ i re the capab i l i ty o f  proce s s i ng severa l  hundred s t a ndard 

c ub i c  feet per m i nute o f  reacto r- b u i l d i ng a i r ,  whereas , the sca l ed- down SAS wou l d  be requ i red to proces s  f rom 75 

to 100 scfm .  Thus , the scal ed- down system cou l d  con s i s t  o f  a s i ng l e  tra i n and feed components (drye r ,  compre s s o r , 

co l d  trap , and mo l ec u l ar  s i eve ) and a l ower f l ow capac i ty absorpt i o n  c o l umn . The req u i rements for the no b l e  gas 

sto rage sys tem wou l d  rema i n  unc hanged but the overa l l b u i l d i ng requ i reme nts wou l d  be sma l l e r t han needed for the 

f u l l - s ca l e  system.  The staff esti mates that the l ead ti me for the sma l l - s ca l e  SAS m i ght be reduced by a s  much 

as  four month s .  Thus it wo u l d  st i l l  take a m i n i mum of 12 months to get a smal l - sca l e  SAS ope rat i o n a l , fo l l owed 

by severa l months of system ope rat i o n  and at l east one month for s ubsequent reacto r- b u i l d i ng purg i n g .  
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These esti mates for anti c i pated l ead t i me s  for scal ed- down cyroge n i c  proces s i ng and s o l vent  absorpti o n  systems 

are based o n  the s i mp l e s t  de s i gn s  and ass ume l i ttl e o r  no redundancy ( fo r  i ncreased re l i ab i l i ty )  i n  system com

ponents . These esti mates a l s o  ass ume mi n i mum s tandards i n  reg u l atory req u i rements ( Re f .  22) for b u i l d i ng a n d  

system qual i ty a n d  s e i smi c c l as s i f i cati o n .  T h u s  t h e  schedu l es f o r  a comb i nat i o n  method d o  n o t  refl ect a l l owances  

for regul atory req u i reme nts wh i ch may be recommended as the  res u l t  o f  a detai l ed staff  rev i ew of a l i ce n s e e  

proposal  for such  a method . 

6 . 7 . 3 Occupati onal  Expo s u re 

The occupati onal  expos ures that c o u l d res u l t from i mp l ementat i on of thi s a l ternat i ve range from 115-255  p e r s o n - rem 

(depe ndi ng on  the s e l ect i o n  of e i ther the SAS or  CPS as the pri mary system)  and are d i s c u s s e d  i n  Sect i o n s  6 . 3 . 3 

and 6 . 6 . 3 .  

6 . 7 . 4  E n v i ronmental  I mpact 

The envi ronmental dose i mpact associ ated wi th t h i s a l ternat i ve ( a� s umi ng 5% o f  the reactor- b u i l d i ng atmo s p h e r i c 

i nventory of Kr-85 i s  purged ) wo u l d  be app rox i mate l y  1/95 ( 0 . 01)  of the i mpact associ ated wi th the s l ow p u rge 

a l ternat i ve d i scussed  i n  Sect i o n  6 . 2 .  Th i s wou l d  present negl i g i b l e p u b l i c  heal th r i s k  ( See  Sect i o n  7 . 1 . ) 

6 . 7 . 5 Acc i dent Ana l ys i s  

The acc i dent analyses  desc r i bed i n  Secti ons  6 . 3 . 5 and 6 . 6 . 5 wou l d app l y  t o  th i s  a l ternati v e .  The resu l t i ng 

total - body and beta s ki n  dose  to the max i mum exposed  i nd i v i dual  are e s t i mated to be 20 and 1700 mrem , 

re spect i ve l y .  

Summa ry 

The staff ' s  eval uat i o n  shows that th� " combi ned" a l ternat i ve method can  reduce the l ead t i me for system ava i l 

abi l i ty by as much as 25%.  Neverthe l e s s , the mi n i mum t i me frame to ma ke t h i s method operat i onal  i s  one y e a r  

and , for t h e  reasons  outl i ned  i n  Sect i o n  5 . 0 ,  rep resents an u nacceptab l e  de l ay i n  the decontami nati on  o f  t h e  

reactor- b u i l d i ng atmosphere . 

6 . 8  O n s i te Long-Term Sto rage of  Krypton-85 

Al l a l ternat ives  proposed for  remov i ng the Kr-85 gas , other than by reacto r- b u i l d i ng pu rge or d i sposal  o f f s i te 

( see Sect i o n  6 . 9 ) , req u i re prov i s i o n s  for a l o ng- term sto rage fac i l i ty o n  s i te ( fo r  approx i mate l y  100 yea r s  to 

a l l ow for radi oacti ve decay ) .  See Sect i o n  6 . 9 f o r  a deta i l ed d i s c u s s i o n  o f  t h e  trans-

portat i o n  and offs i te d i sposal  o f  rad i oact i ve gas e s .  

T h e  exi sti ng tec hno l ogy f o r  stori ng Kr-85 i s  l i mi te d .  Tab l e 6 . 8- 1  prov i de s  an a s s e s sment of d i fferent s t o r age 

tec h n i ques . 

A l though shal l ow l and  buri a l  i s  a common d i sposal  me thod at the comme rc i a l  l ow- l e v e l  waste fac i l i t i e s , the NRC  

staff  i s  opposed  to buri a l  of  any rad i oact i ve waste at Three M i l e  I s l and  because  of the potenti a l  for  s u b s e q uent 

re l ease to the env i ro nme nt .  Thus  o ns i te gas  storage in  an engi neered fac i l i ty rema i n s  as the  o n l y  practi c a l  

a l ternati ve , even though th i s type o f  s to rage has not been perfecte d .  F o r  examp l e ,  conta i ner corro s i o n  i s  a 

major  probl em that can be caused by c o l l ected gas i mpuri ti es  such  as oxygen or n i trogen oxi de , and wate r .  A l s o ,  

rub i d i um ,  the decay product o f  Kr-85 , may comb i ne wi th oxygen  to form Rb20 .  The l o n g - term corro s i o n  e ffect s  of  

Rb20 i n  pres suri zed storage conta i ners  o f  Kr-85  are not known . Thus  further study and staff eva l uat i o n  wo u l d be 

necessary if a Kr-85 d i sposa l  method were chosen  that req u i red l ong-term sto rage . 



Tech n i que · 

Low-press ure tanks 

H i gh- p res s u re cyl i nders 

Adsorpt i on  on  charcoal  

Encaps u l at i o n  
( i nc l ude s o l i d  

matr i x  entrapment 
e . g . , c l ath rates ) 

E n g i neered s torage 
fac i l i ty 

Tab l e  6 . 8- 1 .  Compari s o n  o f  Krypton-85 Contai nme nt Tec h n i ques* 

Deve l opme nt status 

Feas i b i l i ty stud i es performed ; 
no f i e i d tests 

Used for s h i pment at 1CPP ; 
no l o ng-term te sts 

Deve l opment data comp l eted ; 
s h o rt- term operati o n  

Laborato ry stud i es o n l y  
part l y  comp l eted 
pr i mary contai nme nt 

Cost and feas i b i l i ty stud i es 
conti n u i ng ; no f i e l d  
expe r i e nce 

Advantages 

Low pres s u res wi th l ow peak 
probab i l i ty 

Low- storage vo l umes ; l o ng 
tec h n i ca l  bac kgro und 

Reduces vapor press u res 
of  conta i ners 

Reduces vapor pre s s u res of  
conta i ners ; p rov i des  
proce s s  techn i ca l l y  d i f f i c u l t  

Protect i on from e n v i ronment , 
earthqua kes , and gas l ea ks ; 
secondary contai nme nt and 
recovery of l ea ked gases 

D i sadvantages 

Very l a rge sto rage v o l ume ; ozone 
removal  requ i red ; rad i o l yti c 
p roduct corro s i o n  un known 

Long- term corro s i o n  un known ; h i gh 
press ures i ncrease probab i l i ty 
of mas s i ve re l ease ; secondary 
contai nme nt req u i red 

Large s torage vo l ume ; f i re 
and exp l o s i o n  hazard 

E ffects of rad i ati o n , temperature , 
and  corro s i o n  need extens i ve study ; 

De l ay i n  TM I c l eanup 

*Adapted from T. R. P i nchbacks , " Mate r i a l s Screen i ng Te st  for the Krypton-85 Storage Deve l opme nt Program , " EG and G ,  C R  EY- 76-c- 07- 1570 , 
January 19 , 1979 . 



6 . 9 Transportati o n  and O f f s i te D i spo s a l  

6 . 9 . 1 D i scuss i on 

6-3 3  

T h e  i mp l ementati o n  o f  the C ryoge n i c P roces s i ng Sys tem a l ternat i ve , Se l ecti ve Abso rpt i on P roce s s  Sys tem a l ter

nat i ve , o r  Gas Compre s s i o n  System a l ternati ve ( us i ng h i g h  press ure s tandard gas cy l i nders ) wou l d  res u l t  i n  

conta i ned i nventori es  ( 5 7 , 00 0  C i ) of  Kr-85 wh i c h  wou l d  be s tored ons i te to perm i t rad i oact i ve decay .  Based o n  

the ha l f- l i fe o f  10 . 7  years for Kr-85 , i t  wou l d  take app roxi mate l y  100 years f o r  the krypton t o  decay to 

i ns i gn i f i cant l eve l s .  An a l ternat i ve approach to exte nded storage o f  the· gas at TMI wo u l d  b e  to transfer t h e  

gas t o  D O T  and N R C  approved conta i ners f o r  transportat i on and offs i te d i sposa l . 

The staff has cons i de red several  a l te rnat i ves  o f  d i spo s i ng of the Kr-85 at an offs i te l ocati o n .  The a l ternat i v e s  

i nc l ude transport to a comme rc i a l  l ow l evel  waste bur i a l  ground ( fo r  b u r i a l ) and transport to a remote l ocat i o n 

( e . g . , a desert)  for rel ease  to the envi ronme n t .  

6 . 7 . 2 E n v i ronmenta l I mpact 

There are three commerc i a l l ow- l evel  waste b u r i a l  grounds current l y  i n  operat i o n , l ocated i n  Barnwe l l ,  Sout h 

Carol i na ;  Beatty , Nevada ; and R i c h l and , Was h i ngto n .  Howeve r ,  the State of South Caro l i na has i mposed a ban o n  

s h i pments o f  waste f rom TMI Un i t 2 ,  l eav i ng o n l y  the two Western s i tes  a s  potent i a l  rece i p i ents  of  gas - f i l l e d 

conta i ners of Kr-85 from TMI .  Each s i te has d i fferent cr i te r i a  for acceptance and bur i a l  of rad i oacti ve ga s e s  

i n  Federa l l y  approved conta i ners . The R i c h l and , Was h i ngton s i te i s  l i censed  t o  accept pres s u r i zed conta i ne r s  

( up t o  1 . 5 atmospheres absol ute ) o f  gases conta i n i ng not more than 100 c u r i es per conta i n e r .  The conta i ners 

must a l so be buri ed i nd i v i dual l y  and l ocated at l east 10 feet  f rom n e i gbori ng conta i ners . G i ven the s i te 

res t r i cti ons  for b u r i a l  of radoacti ve gases at R i c h l and , the i nventory of Kr-85 from TMI wo u l d  requ i re app r ox

i mate l y  an acre and a ha l f  of buri a l  space . 

The s i te i n  Beatty , Nevada i s  l i censed to accept gas contai ners that are pre s s u r i zed up to one atmosphere 

( ab s o l ute ) and l i m i ted to 1000 c u r i es or l es s .  Gas conta i ners conta i n i ng from 100 t o  1000 c u r i es must be 

s urrounded by at l east  6 i nches of conc rete on  a l l s i des . 

I t  s h ou l d  be noted that transportat i on of rad i oact i ve gases for d i sposal  i n  commerc i a l  sha l l ow l a nd bu r i a l  s i tes  

has not been a common p racti ce in  the U . S .  

G i ve n  the b ur i a l  s i te l i m i tati ons for conta i ner pre s s ure and cu r i e  content , and the requ i red use  o f  DOT and N RC 

approved s h i pp i ng conta i ners , the number of requ i red conta i ners for transport i ng 57 , 000 C i  of Kr-85 i s  

potent i a l l y  h i gh .  Under i deal  cond i t i ons , a m i n i mum o f  5 7  and 570 conta i ners wou l d  b e  requ i red for accept a n c e  

a t  Beatty a n d  R i c h l and , respect i ve l y .  

T h e  env i ronmenta l i mpact resu l ti ng  from the b u r i a l  o f  5 7 , 000 C i  of  Kr-85 wo u l d  essenti a l l y  be the popu l at i o n  

expo s u re i ncurred by the workers who wou l d be req u i red to pac kage the gas at TM I ,  hand l e  the gas s h i pp i ng 

conta i ners , transport the gas to a l ow l evel  was te bu r i a l  s i te and hand l e the gas conta i ners at the b u r i a l . s i te .  

The pac kag i ng and transportat i on o f  the Kr-85 gas wou l d  b e  conducted i n  accordance wi t h  approp r i ate DOT and N R C  

regu l ati ons . The e s t i mated expos u re res u l t i ng from these  operat i ons  wo u l d  range from 8 to 2 4  person- rems . T h e  

co rrespond i ng popu l at i o n  exposure t o  members o f  t h e  genera l  pub l i c  i s  negl i g i b l e  by compar i s o n  because of  1 i m i ted 

contact o f  the w�ste contai ners to the general  p u b l i c  dur i ng transportati o n .  In  add i t i o n ,  the staff  a s s ume d 

that the popu l at i o n  dose due to s ubsequent re l ease ( f rom corros i on of the conta i ners i n  the gro u n d )  of the tota l 
i nventory of Kr-85 gas i s  a l so negl i g i b l e .  The ass umpt i on i s  based o n  the m i n i ma l  e n v i ro nme nta l dose  i mpac t of  

a re l ease of  57 , 000 cur i es of Kr-85 ( see Sect i o n  6 . 2 )  and l ow popu l at i o n  de n s i ty i n  the v i c i n i ty o f  the b u r i a l 
s i te .  
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The a l ternat i ve to o ffs i te buri a l  i s  transpo rtati on to a remote l ocati on  for contro l l ed re l ease to the e n v i ron

ment.  Th i s  a l ternati ve p res uppo ses  that a s u i tab l e  fac i l i ty wou l d  be cons tructed to  effect a contro l l ed re l e a s e  

at t h e  remote s i te .  T h i s  a l ternat i ve a l so assumes that there wi l l  be a negl i g i b l e  popu l ati on  dose to t h e  p u b l i c  

fol l owi ng  re l ease for the  reasons  e l abo rated above .  Because the s ame bas i c  operat i o n s  ( i . e . , pac kag i ng ,  h a n d l i ng 

at TMI , transportat i o n  to a remote l ocati on , and hand l i ng at the remote s i te )  and l i m i tati ons  ( i . e . , DOT  a n d  NRC  

pac kagi ng and transporta t i o n  regu l ati ons ) o n  thi s a l ternati ve app l y  to  the  operat i o ns  for the  b u r i a l  a l t e rnat i ve , 

the expected popu l ati o n  dose  i s  the same , name l y ,  8 to 24 person- rem . A l though buri a l  o r  re l ease o f  the  r a d i oact i ve 

krypton of a remote s i te cou l d  be accomp l i s hed , the NRC staff be l i eves t h i s p robab l y  wo u l d  not be accepta b l e  to 

l oca l o f fi c i a l s and res i dents . 

6 . 9 . 2  S umma ry 

The envi ronmenta l dose  i mpacts res u l t i ng from the ope rat i ons  assoc i ated wi th transporta t i on  and offs i te d i s p o s a l  

wo u l d  b e  i n  add i t i o n  t o  the expos u res i ncu rred dur i ng the decontam i nati on ( i . e . , d u r i ng p roces s operati o n )  o f  

the reactor b u i l d i ng atmosphere b u t  wou l d  not i nc l ude the expos u re i ncu rred for the s u rve i l l ance requ i re d  du r i n g  

extended storage . 

A l though the envi ronmenta l dose i mpact res u l t i ng f rom tran sportat i o n  and offs i te d i s p o s a l  of the pac kaged Kr-85 

is  neg l i g i b l e ,  the NRC s taff does not recommend th i s  cou rse of  act i o n  for the fo l l ow i ng reasons . Th i s  c o u rs e  

wo u l d  pres uppose t h e  s e l ect i o n  o f  a reactor b u i l d i ng atmosphere decontami nat i o n  a l ternati ve wh i c h  wou l d  re s u l t  

i n  a de l ay o f  the e n t i re TMI c l eanup effort .  Purgi ng , a s  a method p f  decontam i nat i o n , co u l d  b e  accomp l i s h e d  

qui c k l y  wi th negl i g i b l e pub l i c  hea l th consequences ( s ee Sec t i o n  7 . 0 ) .  



7 .  Hea l th Effects 

7 . 1 P hys i ca l  

7 . 1 . 1  Summary and Conc l us i ons 

7 - 1  

The N R C  staff h a s  determ i ned  t h a t  there wou l d  be negl i g i b l e phys i ca l  p ub l i c  hea l th r i s ks a s s o c i ated w i t h  t h e  

use  of � a l ternati ve eva l u ated i n  th i s  assessmen t ,  except t h e  " no act i o n "  a l ternati v e .  For  t h e  staff ' s  

p roposed purg i ng  a l ternat i ve i n  parti c u l ar , t h i s determ i nat i on has been  s upported by others , i nc l udi ng the 

U . S .  E n v i ronmental P rotec t i o n  Agency , the U . S .  Departme nt o f  Heal th , Educat i o n , and We l fare and two groups o f  

i ndependent s c i enti sts repo rt i ng  t o  the Governor of  Pennsyl van i a .  The U n i o n  of  Concerned S c i enti sts reported 

that , based o n  " current e v i dence of effects of  who l e  body rad i at i on o n  h uman popu l at i on s , . . .  no  hea l th effe c t s  

wou l d  be anti c i pated as  a res u l t of  t h e  ' ground re l ease ' vent i ng" ( Re f .  3 ) .  T h e  Nat i o n a l  Counc i l o n  Rad i at i o n  

P rotecti o n  a n d  Measurements ( NC R P )  i n  the i r  report t o  t h e  Governor , noted that " expo s u res  l i ke l y t o  be rece i ve d  

as a res u l t of  venti ng a r e  no  val i d  bases  f o r  concern w i th respect to hea l th e ffect s "  ( Re f .  23 ) .  I n  the N R C  

staff ' s  j udgment , there i s ,  then , no  p hys i ca l  p u b l i c  heal th bas i s  f o r  e l i mi nat i ng t h e  p u rge a l ternat i ve .  

Addi t i onal l y  i t  shou l d  b e  noted that , based o n  the re l ati v e l y  greater rad i osens i t i v i ty o f  human s , there wo u l d  

b e  n o  adverse i mpact o n  p l ants o r  a n i ma l s fo l l owi ng  purg i ng .  

7 . 1 . 2  D i scus s i on 

The NRC dose mode l for Kr-85 and other nob l e  gases re l eased at the t i me of the acc i dent i s  based on present 

day state- of-the- art do s i metr i c  mode l s .  Nob l e gases have no s i g n i fi cant food pathway i nv o l vement o r  modes o f  

exposure other t h a n  f rom i mmers i o n i n  a c l oud o f  t h e  gas . The NRC Kr-85 dose mod e l  i s  i n  good agreement wi t h  

esti mates prov i ded b y  other groups . The Nat i onal  Counc i l on Rad i at i o n  P rotecti o n  and Measu rements prov i de s  a 

consensus  of the r i s ks of Kr-85 expos u re i n  Krypto n-85 i n  the Atmosphere - - Accumu l at i o n , B i o l ogi cal  S i gn i f i c ance , 

and Control  Techno l ogy ( hereafter NCRP Report 44 ) ( Re f .  24 ) .  Much of the bas i c  i nformat i o n about Kr-85 i n  

t h i s sect i o n  i s  deri ved from NCRP Report 44 . 

Krypton-85 i s  a rad i oacti ve i sotope p roduced by the f i s s i o n of severa l  heavy i sotopes , s uch  as uran i um- 235 , 

urani um- 238 , and p l uto n i um-239 . Most of the Kr-85 i n  the TMI - 2  reacto r b u i l d i ng res u l ted from the f i s s i on of 

urani um- 235 p r i o r  to the acc i de n t .  Krypton i s  one e l ement i n  t h e  se r i e s  of  nob l e  g a s e s  t h a t  i nc l ude , i n  o r d e r  

of i nc reas i ng atom i c  mas s , he l i um ,  neon , argon , krypton , xenon , and radon .  These  g a s e s  a r e  c o l o r l e s s , tas te l e s s , 

and do not u nde rgo chem i cal  react i ons  wi th other mo l ec u l es i n  l i v i ng t i s s ue .  Krypton-85 has a 1 D . 7-year 

rad i o l og i ca l  hal f- l i fe and  emi ts beta parti c l es by two d i fferent decays . Beta emi s s i o n  i s  not fo l l owed by 

emi s s i on of a. gamma ray for 9 9 . 6% of t h i s decay proces s .  

Peop l e are conti nuous l y  exposed t o  Kr-85 wh i c h i s  norma l ly conta i ned i n  the wor l d ' s atmosp here . I n  the p a s t  

krypton h a s  b e e n  re l eased i nto t h e  atmosphere duri ng nuc l ear weapons  tests . I n  add i t i on , krypton has and 

conti nues to be re l eased to the atmo sphere from n uc l ear fue l reproce s s i ng p l ants throughout the wo r l d .  A s  a 

res u l t of these re l eases , background l ev e l s of krypton throughout the earth ' s  atmo sphere are read i l y  detect ab l e  

wi th s u i tab l e  i nstruments . I n  the TMI area , for examp l e ,  the 4r s . E n v i ronme nta l  P rotect i o n  Agency has meas ured 

norma l background concentra t i o n s  to be about 30 pC i /m3 • Th i s concentrat i on re s u l ts i n  annual  Kr-85 backgrou n d  

s k i n a n d  tota l - body do s e s  of about 0 . 00004 a n d  0 . 0000005 mrem respect i ve ly to a l l  members o f  the pub l i c .  T h i s  

compares to a n  ave rage annual  tota l - body bac kground dose  ( from sources other than med i ca l ) o f  about 100 m re m  

i n  t h e  U . S .  Med i cal  and dental expos ures norma l l y  account for another 100 mrem p e r  year t o  i nd i v i dual s i n  

th i s  country .  

Krypton-85 has l ow b l ood s o l ubi l i ty a n d  h i gh l i p i d ( fat ) so l ub i l i ty ,  b u t  d i ffuses rap i d l y  i n  ti s sue t o  rea c h  

concentrat i ons  proport i o n a l  t o  t h o s e  i n  t h e  s u rround i ng  a i r ,  a cond i t i o n referred to a s  an  equi l i b ri um conc e n 

trat i o n .  N C R P  esti mates that the equi l i b ri um concentrat i on o f  Kr-85 i n  body t i s s ues  ( pC i /g )  re l at i ve to t h e  
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s u rround i ng a i r  ( pC i /c m3 ) i s  as fol l ows : ( 1 )  separab l e  fatty t i ssue , s uch  as  b reasts , thi ghs , wa i s t l i ne s  a n d  

around  some body o rga n s - 4 1 %  of  t h e  concentrati o n  i n  a i r ,  ( 2 )  s k e l eton- 1 3% o f  t h e  concentrat i o n  i n  a i r ,  ( 3 )  

soft t i s sues  ( s uc h  a s  o rgans , mus c l es ,  b ra i n ,  etc . ) ,  - 8 . 3% of  the conce ntrat i o n  i n  a i r .  Cons i de r i n g  the dose  

from beta parti c l es and  gamma rays ( p l us  the i r  res u l t i ng radi a t i o n s , s uch  as b remstra h l ung* ) both  f rom around  

and  i ns i de a pers o n , the  s ki n  is  the  organ  that rece i ve s  the h i ghest n umeri cal  dose , f o l l owed by l ung  and  b o n e  

ti s s u e .  However , as  noted i n  N C R P  Report 44 , t h e  s ki n  i s  one o f  t h e  l east s u scept i b l e ti s s ues t o  rad i ogen i c  

cancer .  F u rthermore , w h i l e  any cancer i s  potent i a l l y  fatal , most  s k i n cancers l e nd themse l ves t o  s ucce s s f u l  

treatme nt .  

The  1979  draft  report o f  the  Commi ttee on the B i o l og i ca l  E f fects o f  I o n i z i ng Rad i at i o n  ( Nat i onal  Academy o f  

Sc i ence)  provi des a tentat i ve esti mate o f  r i s k  o f  rad i ogen i c  s ki n c a n c e r  ( Re f .  25 ) .  T h a t  mode l wou l d  i nd i cate 

that the  r i s k  o f  i nduc i ng a fata l rad i ogen i c  s ki n  cancer is  l es s  tha n 1% of  the r i s k  o f  death  from other 

cancers re s u l ti ng f rom tota l - body i rrad i at i o n  (per  un i t  o f  dos e ) . As a res u l t ,  the NRC staff conc l udes that 

the  tota l - body dose is  cri t i ca l  for determ i nati o n  o f  cancer morta l i ty ri s k  fo r e s t i mat i ng genet i c  r i s k  for  

both  sexes . Th i s  wi l l  be  d i scussed in  more  deta i l l ater i n  th i s secti o n .  

The N R C  hea l th e ffects mode l was dev e l oped i n  1 975 f o r  the Reactor Safety Study by a 13-member adv i s o ry group , 

(three of whose members we re a l so members o f  the 1972 N a t i ona l  Academy of Sc i e nces Commi ttee on the B i o l og i ca l  

Effects o f  I o n i z i n g  Radi ati on ( B E I R )  ( Re f .  26) . The adv i so ry group i nc l uded s i x  phys i c i an s , one vete r i nari a n , 

and s i x  l i fe s c i enti sts . Two members we re fr'om the U n i ve rs i ty of P-i ttsburgh Schoo l o f  Pub l i c  Hea l th .  

The NRC hea l th effects mode l  i s  s hown i n  F i gure 7 . 1 i n  grap h i c  form. T h i s mode l , wh i c h  uses observed e s t i ma t e s  

f r o m  t h e  1 972 NAS/BE I� Report ( Re f .  2 7 ) , as s umes that , f o l l owi ng a rad i at i o n  dose , there i s  a l atent peri od  

duri n g  wh i ch no cancers occur .  The l atent peri od is  v a r i a b l e ,  and i s  a s s umed to be dependent only o n  the 

spec i f i c  type o f  cance r . ** F o l l owi ng the l ate nt peri od there wi l l  a peri od in  wh i c h  cancers wi l l  be  o b s e rved 

( p l atea u ) . 

U s i ng the tota l - body dose esti mates for the al ternati ves shown i n  Tab l e  1 . 1 and the NRC cancer morta l i ty r i s k  

esti mate o f  135 deaths per m i l l i o n  person- rem , the potenti a l  cancer deaths were c a l c u l ated .  The tota l potent i a l  

cancer morta l i ty to both the 50-mi l e  popu l at i o n  s u r roun d i ng  TMI - 2  and to p l ant wo rkers i s  esti mated to range 

from a mi n i mum o f  0 . 0003 ( p u rge opti o n )  to  a max i mum o f  0 . 034 ( c ryoge n i c  opti on ) . *** A l most a l l o f  that ri s k  

wou l d  b e  borne by wo rkers exposed at the p l ant ( p u rge = 0 . 0002 , c ryogen i c = 0 . 034 ) .  The cancer morta l i ty r i s k  

among  the genera l  popu l at i o n  wi th i n  50 mi l es res u l t i ng f rom the purge opt i o n  wou l d  be about 0 . 0001 . 

The max i mum potenti a l  l i fet i me- i nd i v i dua l ri s k  o f  cancer morta l i ty wou l d  accrue to a fetus that rece i ved  the 

max i mum esti mated dose of  0 . 2  mrem.  U s i ng 300 deaths per  m i l l i o n  person- rems from Tab l e  7 . 1 ,  the exc e s s  

cancer-morta l i ty r i s k  f o r  thi s scenari o wou l d  be s i x  c hances i n  100 , 000 , 000 ( 0 . 00000006 ) compared to a c u rrent  

norma l l i fe t i me expectancy o f  one chance  in  f i ve ( 0 . 2 )  f rom a l l types  o f  cancers . R i s ks for a l l other age  

groups wou l d  be even l ower than  th i s extreme l y  sma l l va l ue .  

Us i ng the tota l body dose e s t i mate s for the opt i o n s  s hown i n  Tab l e  1 . 1 ,  a n d  the NRC genet i c  effect r i s k  e s t i m a t e  

of  2 6 0  cases p e r  m i l l i on pe rson- rem t h e  potent i a l  genet i c  effects p e r  generat i o n  were ca l c u l ated . The  tota l 

*A type of X- ray . 

**A n i ma l  studi es i nd i cate that the  l atent peri od genera l l y  i nc reases wi th decreas i ng dos e .  

***EPA , i n  an  Ap ri l 1 1 ,  1980 l etter t o  NRC , ( Re f .  28 ) i ndepende n t l y  e s t i mated 0 . 00022 a n d  0 . 057 , respect i v e l y .  
These· va l ues represent c l ose agreement w i t h  N R C  e s t i mates . 
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potent i a l  for gene t i c e ffects in  p l ant workers and the 50-mi l e  popu l at i o n  s u rround i ng  TMI-2  is  e s t i mated to 

range from a m i n i mum of 0 . 0005 ( p u rge opt i o n )  to a max i mum of 0 . 066 ( c ryog e n i c  opt i o n ) . A l most  a l l the r i s k  

wou l d  be borne by future descendants o f  wor kers at the p l ant ( p u rge = 0 . 0003 , cryogen i c  = 0 . 066 ) .  The max i mum 

geneti c r i s k  to future descendants of  any o ffs i te member of  the publ i c  wou l d  be f i ve chances i n  100 , 000 , 0 0 0  

( 0 . 0000000 5 }  compared to  the current expectati on of a norma l l y  occurri ng  genet i c  e ffect at a rate betwe e n  o n e  

and  fi ve chances i n  100  ( . 01 t o  . 05 ) .  

Recent cancer stat i s t i c s  i nd i cate that more than 14 persons per 10 , 000 persons  wi l l  contract s ki n cancer eac h 

year ( ca l c u l ated f rom R e f .  29) . Thus , the typ i ca l  ri s k  of occurrence per  l i fet i me i s  about 11%. Mos t  o f  

these cancers occur  on  the face , nec k , arms , and hands due t o  expos ure t o  the u l travi o l et ( UV )  rays from t h e  

s � .  

S i nce most s k i n cancers are not fata l , mos t  are unrepo rted i n  cancer reg i str i e s .  E s t i mates i nd i cate more than 

300 , 000 new cases of s ki n  cancer occurred i n  the U . S .  ( popu l at i o n  of  220 m i l l i on )  i n  1979 ( Re f .  29 ) .  Howev e r ,  

o f  those cases repo rte d , there were 5 , 900 deaths . O f  those that d i ed ,  4 , 300 ( out o f  13 , 600 case s )  were f rom 

me l anomas , *  and 1 , 600 ( out of more than 300 , 00 0 )  were from other types o f  s ki n  canc e r .  There fore , t h e  morta l i ty 

rates were about 30% f o r  me l anomas and l e s s  than 0 . 5% for non- me l anomas . The overa l l l i feti me morta l i ty r i s k  

o f  a l l types  of  s ki n  cancer i s  curre n t l y  l es s  than 2 chances per  1 , 000 persons  ( that i s ,  about 1 . 5% o f  the  

tota l r i s k  of cancer  morta l i ty ) .  

The 1979 draft B E I R  repo rt i nd i cates o n  the order o f  one case o f  s ki n  cancer wi l l  deve l op per year per m i l l i o n 

person- rem of l ow LET rad i at i o n  ( s uc h  as emi tted by Kr-85 } ( Re f .  2 5 } . A l though no studi es  have i nd i cated  a 

defi n i te i nc rea se  i n  me l anomas as a res u l t of rad i at i o n  expos ure , i t  was a s s umed for thi s asses sment t h a t  the 

l i feti me ri s k  of  morta l i ty ( not  i nc i dence ) from radi ogen i c  ski n cancers is  the same as for natura l l y  occ u r r i n g  

spontaneous s k i n cancers . That a s s umpt i on i mp l i e s that the l i feti me morta l i ty r i s k  i s  on  the order of o n e  

death p e r  m i l l i o n person- rem ( s ki n ) .  

Based o n  th i s  a s s umpti on , the l i fe t i me cancer morta l i ty r i s k  from a tota l body dose  i s  at l east 135 t i me s  

g reater than a c omparab l e  s ki n  dose . ** The beta dose to the exposed s ki n  from Kr-85 i s  about 80 ti mes g reate r 

than the tota l body gamma dose for unprotected membe rs of the p ub l i c .  T h i s i mp l i es that the cancer morta l i ty 

r i s k  from Kr-85 s ki n doses to the p u b l i c  wou l d  be o n  the order of 60% o f  the cancer morta l i ty ri s k  from the  

Kr-85 tota l body dose .  

Therefore a sk i n dose o f  1 1  mrem t o  an i nd i v i dual  ( p u rge opti o n )  wou l d  be  predi cted t o  cause  l es s  than o n e  

( about 0 . 000006 ) add i t i onal  s k i n cance r morta l i ty amo ng t h e  50-mi l e  popu l at i o n  o f  2 . 2 mi l l i on peop l e .  T h i s  

compares w i t h  4 , 000 expected deaths  from s k i n cancer from other causes ( p r i mar i l y  s u n l i gh t ) , and  over 400 , 00 0  

tota l expected cancer deaths i n  the a r e a  regard l es s  o f  whether t h e  Kr-85 i s  rel eased or  not . 

U s i ng the esti mates of ave rage l i fe- s horten i ng i n  Tab l e  7 . 1 ,  and  the dose e s t i mates i n  Tab l e  1 . 1 ,  i t  i s  po s s i b l e  

to esti mate the average l os s - o f- l i fe expectancy assoc i ated w i t h  l atent cancer  morta l i ty .  The max i mum l i fe

shorte n i ng wou l d re s u l t from i rradi at i on of  a fetus  i n  the mother ' s  womb . Us i ng 7 . 2 days per  rem , the maxi m u m  

dose of 0 . 2 mrem wou l d  resu l t  i n  a stati s t i cal l y  average ri s k  o f  2 . 1 mi nute s .  R i s ks t o  a l l other age g r o u p s  

wou l d  be even l e s s .  

*Me l anomas are a rare but dangerous s ki n  cance r .  

* * 1 3 �  c a n c e r  deaths/106 person- rem ( tota l body )  
< 135 � 1 cancer deaths/106 person- rem ( s ki n )  
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Tab l e  7 . 1 Summary of Age Spec i f i c  Cancer Morta l i ty Ri s k  E s t i mators and 
Associ ated L i fe- Shorte n i ng 

Potent i a l  Cancer Morta l i ty Average L i fe- Shorte n i ng  
Age  Group per 106 Person- Rem* per Person- Rem* 

Tota l s Hours Tota l Days 

I n- Utero 150 Leukem i as 300 87 7 . 2 
150 A l l others 

0-0 . 99 years 50 Leu kem i as 93 25 1 . 5 
43 A 1 1  others 

1-10 years 50 Leukem i a s  150 24 1 . 5 
55 A l l others 

11-20 years 25 Leukemi as 196 10 2 . 0  
171 A l l others 12 

20-70 years 23 Leukem i as 131  5 0 . 63 
108 A l l others 10 

A l l ages 28 Leu kemi as  135  10  1 . 2 
107 A l l others 18 

*For  a popu l at i o n  composed o n l y  of  that age group . 

A s ummary of other c ommon competi ng  r i s ks o f  morta l i ty comparab l e  to the max i mum tota l - body dose ( p u rge opti o n )  

i s  s hown i n  Tab l e  7 . 2 .  

Tab l e  7 . 2 .  Summa ry o f  L i feti me R i s ks 
of Morta l i ty Numeri c a l l y  Equ i va l ent  to 0 . 2 mrem 

Type of  Acti v i ty Equ i va l ent Morta l i ty R i s k* 

C i garette Smoki ng I nhal i ng o f  few puffs 

Dri n k i ng A few s i ps of wi ne 

Automob i l e  dri v i ng three m i l es 

Commerc i a l  f l y i ng 14 mi l es 

Canoe i ng 20 seconds 

Be i ng a man aged 60 one mi nute 

*S i r Edward Poch i n ,  " The Acceptance of R i s k , "  ( Re f .  3 0 ) . 

Causes  of Deaths 

l ung cancer and 
cardi ovasc u l ar 
d i seases  

c i rrhos i s  o f  the  
l i ver  

acc i denta l death 

acc i dental  death 

drown i ng 

a l l causes  o f  
death a t  a g e  6 0  

T h e  s t a f f  h a s  compared the d o s e  convers i on factors for t h e  nob l e  g a s e s  re l eased duri ng t h e  TMI - 2  acc i dent w i t h  

that for Kr- 85 .  I t  c a n  b e  s hown that i t  wo u l d requ i re the re l ease  o f  approxi mate l y  500 m i l l i on C u r i e s  o f  

Kr-85 under . the s ame expos u re cond i t i ons  that ex i s ted duri ng t h e  acc i dent t o  res u l t i n  popu l at i o n  doses comp a r a b l e  

to those rece i ved from the 10 m i l l i o n curi es  of  xenon and krypto n radi o i sotopes actua l l y  re l eased duri ng the  

acc i de n t .  Stated another  way , the  re l ease  o f  57 , 000 C ur i e s  of  Kr-85 under acc i dent  expos u re cond i t i ons  wou l d  

have res u l ted i n  o n l y  about 0 . 01% of  the popu l at i o n  dose wh i c h  was esti mated to have res u l ted from the acc i de n t .  
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I t  shou l d  be noted that even  the re l at i v e l y  l arge amounts of nob l e  gases ( i nc l ud i ng  Kr-85 ) re l eased  dur i n g  t h e  

acc i de n t  were determ i ned  to present l i tt l e r i s k  t o  the publ i c  b y  the Kemeney Commi s s i on ( Re f .  31),  Rogov i n  

Repo rt ( Re f .  32),  and N R C  staff ( Ref .  17) . 

Compari s o n  wi th  Other R ad i o l og i ca l  R i s ks 

A s ummary of other common competi ng r i s ks of morta l i ty comparab l e  to the maxi mum tota l - body dos e  ( p u rge opti o n )  

i s  s hown i n  Tab l e  7 . 3 .  

Tab l e  7 . 3 .  Summary of  Latent Rad i ogen i c Cancer R i s ks Comparab l e  t o  0 . 2 mrem 

Type of Expo s u re 

Commerc i a l Subson i c  
j e t  trav e l  

Commerc i a l s uperso n i c 
, jet  trav e l  

L i v i ng i n  Denver , Co l orado 
(as opposed  to Mi ddl etown)  

Mov i ng to a l ocati on  about 
20 ' h i g h e r  i n  e l evat i o n  
than M i dd l etown 
( same type of home ) 

S l eep i ng  w i th 
another person 

L i v i ng at the s i te 
boundary of a coa l 
fi red p l ant 

L i v i ng i n  a ti ght , 
ene rgy- e ff i c i ent house 

Equ i va l ent Rad i o l ogi cal  R i s k  

2 9  m i nute f l i ght a t  30 �000 ft . 

18 mi n ute f l i ght at 60, 000 ft . 

one day 

one year 

about e i ght months 
at e i ght hours/day 

about two wee ks 

about one n i ght 

Source  of Dose 

cosm i c  rays  
( Re f .  33)  

cosmi c rays 
( Re f .  33)  

cosmi c ray and 
te rrestri a l  radi a
t i on  ( Re f .  34) 

cosm i c  rays 
( Re f .  34) 

natura l l y  occurri ng K-40 
gamma rays ( Re f .  35) 

natura l rad i oact i v i ty 
emi tted by coal  
combusti on ( Re f .  36)  

i ncreased l evel s 
of Rn- 222* 

A s s umes (a) one extra 0. 001 �Ci of Rn-222 per m3 of room a i r ( actual  measurements have s hown up to 
0. 03 �Ci  o f  Rn- 222/m3 ) *  and 50% equ i l i br i um for radon p rogeny , (b) 2 x 4- 4 l ung-cancer death s  p e r  
wo rki ng- l evel  month (WLM ) , a n d  ( b )  bei ng a t  home 100 hours per  wee k ( or approxi mate l y  1 5  h o u r s  p e r  
day ) . The refore , 

( 2  x 20- 4 l ung cancer deaths )  (0 . 005 WL @ 50 percent equ i l )  ( 100 hrs/wk) ** 
( WLM ) x ( 0. 001 � C i /m3 ) 

x ( 40 hrs/wk) 
x 

( 12 months )  _ 3 0  deaths 
( yr ) 

-
m i l l i o n  peop l e  

o r :  3 chances i n  100,000 

compare w i t h  (0 . 0002 rem } x ( 1 . 35 x 10- 4 cancer deaths/( rem ) 

= 3 chances i n  100, 000, 000 

i . e . , about 1, 000 t i mes greater r i s k  fo r an energy effi c i ent house  

- ( 365 days ) x ( 24 hrs ) - 8 . 8 hrs  ( a  good n i ght ' s  s l eep)  
( 1000 ) ( day ) 

*Hal l owe l , et a l . ,  i nv i ted paper , 1979 Meeti ng  of the Ame r i can Nuc l ear Soc i ety , San Franc i sco , CA . 

**Correc t i o n  for d i fferences i n  expos ure pe ri ods at home compared wi th urani um mi ne rs . 
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Based o n  the c a n c e r  stati s t i c s  j u s t  d i s c u s s e d , a b o u t  11 o u t  o f  e v e ry 1 0 0  p e r s o n s  wi l l  deve l op a s k i n c a nc e r  
duri ng the i r l i fe t i m e s  ( Re f .  24 ) .  I t  i s  a s s umed that most o f  the c u rrent .r i s k  i s  d u e  t o  expo s u re o f  the s k i n  
to u l trav i o l et rays from t h e  s u n .  S i n c e  t h e  c u rrent r i s k  o f  s k i n  mel anomas amo ng b l ac k  p e r s o n s  i s  o n l y  a b o u t  
18% t h a t  o f  wh i te p e r s o n s , i t  was a s s umed the d i fference i s  l arge l y  due to g reater protect i o n  o f  the g e rm i n a l  
l aye r o f  s k i n from U V  b y  me l a n i n p i gme nts i n  t h e  e p i d e rm i s  o f  b l a c k  peop l e .  I f  i t  i s  c o n s e rv at i v e l y  a s s um e d  
that t h e  d i fference i s  d u e  o n l y  t o  UV i rrad i at i o n , t h e n  about 80% o f  a l l s k i n  cancers . i n t h e  U . S .  wou l d  b e  d u e  
to expo s u re to the s u n  ( i . e . , about 9 c a s e s  p e r  h u ndred persons ) .  

Compar i n g  t h e s e  f i gures wi t h  the 1979 draft B E I R  e s t i mate o f  about one c a s e  per year p e r  m i l l i o n person- rem 
( Re f .  25) i nd i cates that b a c kgro u n d  rad i at i o n  accou nts for l e s s  than 1% o f  the expected s k i n  cancers . *  T h i s 
i s  further e v i dence that t h e  s k i n i s  re l at i ve l y  i ns e n s i t i ve to i o n i z i ng rad i at i o n .  

Some peop l e  ( fo r  examp l e ,  f a rmers , commerc i a l f i s he rma n )  spend as muc h a s  a t h i rd o f  t he i r  l i ve s  exp o s e d  t o  
t h e  d i rect rays o f  t h e  s u n  ( p r i ma r i l y  head , n ec k ,  a rms , and hands ) .  Others ( e . g . , m i n e r s , o ff i c e  wo r kers , 
etc . ) may spend l es s  than o n e - tenth o f  e a c h  ad u l t  wo r k  day i n  the s u n .  I t  was a s s umed here that t h e  average 
p e r s o n  spends  about 3 h o u r s  p e r  day ( i nc l u d i ng wee kends , c h i l dhood and reti rement years ) i n  the s u n .  The 
average r i s k  o f  UV i nduced s ki n  cancer i s  t h e r e fo re :  

0 . 09 s ki n cancers 
( 3  h rs/day ) ( 365 days/yr) ( 75 yrs/pers o n ) ' or 1 . 1 x 10- 6 s ki n  cancers/hour o f  s u n .  

U s i n g  t h e  1979 d raft B E I R  e s t i mate o f  10- 6 c a s e s  o f  rad i oge n i c s ki n  cancer p e r  year p e r  person- rem yi e l d s o n  
e s t i mated equ i va l ence of 0 . 045 hours o f  e xp o s u re t o  s u n l i ght a n d  o n e  mi l l i rem o f  s ki n d o s e  ( Re f .  2 5 ) . * * 

U s i ng the max i mum i nd i v i d u a l  s k i n  dose e s t i mated by N RC ( 11 mrem) , the added average r i s k  of s ki n  c a n c e r  wo u l d  
be equ i va l e n t  to s p e nd i ng 3 0  m i nutes i n  t h e  s u n .  T h e  ave rage i nd i v i du a l  i n  t h e  p op u l a t i o n  wou l d  have an added 
r i s k  o f  s k i n  cancer equal  to about a h a l f- s e c o n d  o f  expo s u re to the s un ' s  rays . 

*Expected : 0 . 11 x 2 . 2 x 108 = 24 m i l l i o n �as e s  o f  s ki n  c a nc e r .  F rom 0 . 1 rem/y r  o f  bac kgro u n d  rad i at i o n :  

(�75 years ) ( 0 . 1 rem ) l i fe t i me year ( 2 . 2  X 108 p e r s o n s )  (�50 years at r i s k ) ( 1 X 106 s ki n/can c e r s /yr ) p e r s o n - rem 

8 104 k .  8 X 104 X 100% < 0 . 4% o f  t t 1 t d = x s 1 n  cancers or , 2 x 107 o a expec e 

** 1 x 10-6 s k i n  cance rs/yr per person- rem ) ( 5 0  years at r i s k) = 45 hours  
< 1 . 1 x 10-6 s k i n  cancers/h o u r  of s u n  person- rem 
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7 . 2 . 1 Conc l u s i o n  
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The staff conc l udes that t h e  psycho l ogi c a l  s t re s s  res u l t i ng from atmo s p he r i c  p u rg i ng wi l l  b e  l es s  severe than 
from a ny o f  the oth e r  d e c o n t am i n at i o n  a l ternati v e s . P u rg i ng the reactor b u i l di ng i s  the q u i c ke s t  o f  the 
decontam i nat i o n  a l ternat i ve s  and wi l l ,  therefore , res u l t i n  stre s s  o f  s horter durat i o n  re l at i ve to the o t h e r  
a l ternat i ve s .  S u c h  a l t e r n at i ve s  wou l d  u s e  con s i derab l y  m o r e  comp l ex e q u i pment and p roce s s e s  and wo u l d  t h e reby 
p ro l ong the u n c e rta i n t i e s  a n d  a s s o c i ated s t r e s s  over the p os s i b i l i ty o f  acc i dental  re l ea s e s .  I n  addi t i o n , 
remov i ng Kr-85 from the reactor b u i l d i ng may be pe rce i ved as a c r uc i a l  f i rst s tep i n  progre s s  toward o v e ra l l 
decontam i nat i o n  of TM I - 2  a n d  e l i mi nati o n  of the potent i a l  for future d i s rupt i o n  from that u n i t .  

The staff acknow l edges t h a t  t h e  p u rg i ng recomme ndat i o n  may b e  u npop u l a r  t o  a segment o f  t h e  l oc a l  p op u l a t i o n 
and perce i ved as further e v i de n c e  of N RC i n s e n s i t i v i ty to t he i r  apprehe n s i o n s . Nonethe l e s s , the staff b e l i ev e s  
that , g i ven the a b s e n c e  o f  rad i o l o g i c a l  r i s k  from t h e  p u rg i ng opt i o n , i n  the l o n g  r u n , p rompt decontam i n at i o n  
o f  the reactor b u i l d i ng atmos p h e re wi l l  s u b s ta n t i a l l y  a l l e v i ate psycho l og i c a l  s t re s s  d u e  t o  a concern o v e r  
unp l anned rad i o l og i ca l  r e l e a s e s  f r o m  the fac i l i ty and d o u b t s  a b o u t  the a b i l i ty a n d  dec i s i v e ne s s  o f  the N RC t o  
t a k e  affi rmat i ve mea s u r e s .  

7 . 2 . 2 D i s c us s i o n  

A number o f  studi e s  reported p sycho l o g i c a l  d i stre s s  a s  wi d e s p read i n  t h e  p o p u l at i o n  around T h ree M i l e  I s l a n d  
at t h e  t i me o f  t h e  acc i de n t  ( Re f s . 31 , 37- 39 } . Moreove r ,  s ome l eve l o f  p sycho l o g i c a l  d i s t re s s  conti n u e s  to b e  
a s s o c i ated wi th var i o u s  i s s u e s  s u rround i ng the c u rrent and future s tatus o f  the faci. l i ty ( Re fs . 38 , 3 9 ) .  I n  
part i c u l a r ,  anxi ety i s  h i g h  among some members o f  the popu l at i o n at the prospect o f  krypton-85 re l ea s e s  to t h e  
e n v i ronment f r o m  the U n i t 2 reactor b u i l d i ng ( Re f .  3 1 ) . Recogn i z i ng t h i s fact , the staff has exp l ored t h e  
p o s s i b l e  d i fferent l ev e l s and c haracte r i s t i c s  o f  p sycho l og i c a l  stre s s  a s s o c i ated w i t h  each o f  the decontam i 
nati o n  a l ternat i ves . I n  reac h i ng c o nc l u s i o n s  on the re l at i ve psycho l og i c a l  i mpacts amo ng the a l ternat i v e s , 
the staff c o ns i dered s e v e ra l s o u rc e s , i nc l u d i ng stud i e s  of psycho l og i ca l  s t r e s s  and psycho l o g i c a l  sequedea ( o f  
after effect) o f  d i s asters . Of part i c u l a r  re l evance were s t ud i es , by experts o n  p sycho l og i c a l  stre s s  ( Re f s .  31 , 
37-41 ) , that spec i f i ca l l y  addre s sed c o nd i t i o n s  i n  the Three M i l e  I s l and a re a  and an e va l uati on of p u b l i c  
c omme nts . The H uman Des i g n G roup , as s i s te d  the staff ' s  eval uati o n .  The Human D e s i gn Group ' s  p r i n c i p a l  membe r s  
a r e  affi l i ated wi th the Department o f  Med i c a l  P sycho l ogy , U n i formed Serv i ce U n i v e rs i ty o f  the Hea l th S e rv i ce s . 
Based on co n s u l tati o n s  wi th p sycho l o g i sts the staff conc l udes that the p u rg i ng a l ternat i v e  has l e s s  pote nt i a l  
for c reati ng l o ng-term psycho l o g i c a l  s t re s s  than those a l ternat i v e s  wh i c h  take l o nger t o  i mp l eme n t .  

P syc ho l og i ca l  s t r e s s  i s  a comp l ex s e t  o f  mental , behav i o ral  a n d  p hy•i o l o g i c a l  p h e nome na , a r e s p o n s e  patt e r n  
re s u l t i ng from a person ' s  a p p ra i s a l  o f  an event o r  s i tuat i o n  t h a t  threate n s  s ome k i nd of dange r ,  harm , o r  
l o s s .  T h e s e  patterns i nc l ude i ncreased p hys i ca l  and p syc h o l og i c a l  a ro u s a l , and a s earch for a l ternat i v e s  to 
cope wi th or reduce danger o r  l o s s .  If a p e rce i ved threat i s  not contro l l ed o r  reduced , a person affected may 
s u ffer p sycho l o g i cal  as we l l  as p hys i ca l  s t ra i n  and the ir c o n s eq u e n ce s .  S t re s s  may be i nduced by a wi de 
vari ety o f  s i tuat i o n s  o r  events . The l e ve l o f  stress is g e n e ra l l y  a s s o c i ated w i t h  a p e r s o n ' s  p e r rept i on of 
the s e ve r i ty o f  l o s s  o r  harm . Wh i l e  mo s t  p e r s o n s  have the capac i ty to recover q u i te we l l  f rom ac ute stress  
caused by a spec i f i c  event , a sma l l percentage o f  a popu l at i o n  may expe r i e n c e  l as t i ng p hys i ca l  a nd/o r emo t i o n a l  
e f fects from t h e  s ame eve n t .  S u c h  c h ron i c  stre s s , howev e r , i s  u s u a l l y  r e l ated t o  e v e n t s  wh i c h  c a u s e  s t re s s  
f o r  l o ng peri ods . Wh i l e  c h ro n i c  c o n s e q u e n s e s  o f  s h o rt-te rm events that c a u s e  s t r e s s  a r e  st i l l  a n  ope n q u e s t i o n , 
the l o ng and s h o rt-term symptoms are s i m i l ar :  emo t i o n a l  t e n s i o n ,  cogni t i v e  i mp a i rme nt , a n d  somat i c comp l a i nts . 

The c o nc l u s i o n s  on the psyc ho l og i c a l  s t re s s  a s s o c i ated wi th atmo s p h e r i c  deco ntam i nat i o n  of the TM I - 2  reactor 
b u i l d i ng are , i n  part , based on three val u ab l e s t ud i e s  that have rece i ve d  wi de d i s t r i b u t i o n .  They are 
Dohrenwe nd ' s  techn i ca l  report ( Re f .  37) for the Kemeny C ommi s s i o n , Houts ' study ( Re f .  3 8 )  for the P e n n s y l va n i a  
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Department of Heal th , and  F l y nn ' s p re l i m i nary report (Ref.  39 ) o n  the TM I te l ephone s u rvey of re s i dents around  

TMI  for  the  NRC . E ach  of t h e s e  stud i es attempts to answe r i n  part the  ques t i o n ,  " What a re the  me ntal  hea l t h  

consequences o f  the acc i de n t? "  Each exam i ned d i fferent i nd i cators o f  psycho l og i ca l  stre s s , some o f  wh i c h are 

reports by i nd i v i dua l s o n  t he i r  p hys i ca l  or  mental  we l l - be i ng .  These reports , neverthe l e s s , agree that the re 

was an  i nc rease of  psyc ho l o g i cal  stress i n i t i a l l y  fo l l owi ng the acc i dent that had d i m i n i s hed by m i d- s umme r ,  

1979 . They fe l t  that th i s  drop  i nd i cated that stres s l i n ked w i th the acc i dent was acute o r  event spec i f i c .  

Houts __ ( Re f .  38)  and others ( Refs . 37- 39 ) , however , f i nd severa l i nd i cators o f  stre s s  that rema i n h i g h even 

after the acc i dent .  The c o nt i n u i ng stre s s  seems re l ated to two i s s ues : future decontam i nati o n  p l ans  for 

TMI - 2 , and a d i strust o f  those respons i b l e  for these acti v i tes . These two i nterre l ated i s sues  represent a new 

so urce o f  stre s s  that conti nues beyond the acc i dent .  The Keme ny Commi s s i o n s uggests that  stre s s  was  i nduced 

and exacerbated by a l ac k  o f  c o n f i dence i n  those c u rrent l y  in  c h a rge of  TMI operat i o ns .  These stresses  are 

seen to be acute . I n  add i t i on ,  the Commi s s i on4 p roposes that a ny i ncrease i n  the i nc i dence of l ong-term 

menta l or p hys i ca l  hea l th p rob l ems caused by the acc i dent wi l l  be i n s i gn i f i cant .  The effects o f  stresses  i n  

the post-acc i dent pe r i od are  uncerta i n ;  howeve r ,  severa l re s earchers ( Refs . 40 , 4 1 )  foresee no l ong-term 

stre s s - re l ated heal th prob l ems . 

As a res u l t o f  the above rev i ew ,  the staff s uggests that c u r rent  d i strust o f  autho r i ty i n  a perce ntage o f  the 

popu l at i on wi l l  be an  i mportant facto r i n  the commun i ty ' s eva l uat i on of  a ny deco ntam i nat i o n  p l an ( Refs . 37- 39 ) . 

Such d i strust can  h e i ghten a person ' s  or a commu n i ty ' s percept i o n  of pote nt i a l  danger and the i r fee l i ngs o f  

l ack  o f  contro l , a s  was f o u n d  i n  several  stud i e s ( Refs . 38 , 39 ) .  These fee l i ngs may c a u s e  some T M I  res i dents 

to res i st any agency- s p o n s o red acti o n .  The l eve l a n d  durat i o n  o f  stre s s  i s  dete rm i ned i n  part by how l ong  the 

source o f  the stress i s  present and by how peop l e  perce i ve the i r  a b i l i ty to cope w i th i t .  Perce i ved  feel i ngs  

of  l ac k  of  contro l found  i n  the TMI commun i ty a re en hanced by p rev i ous c o n f l i cti ng and i nc o n s i stent stances 

made by the maj o r  organ i zat i o n s  i nvo l ved d u r i ng and after the acc i dent ( Re f .  3 1 ) .  

I n  add i t i o n to stres s re l ated to d i strust of  autho r i ty ,  there i s  the i s s ue of  durat i o n  o f  st�s and re l ated 

stre s s o rs . Some stress  wi l l  ex i s t i n  the TM I area as l o ng as decontam i nat i o n  i s  de l ayed and agenc i e s are seen  

by  some to  l ac k  c red i b i l i ty and  a re perc e i ved as i n sens i t i ve to  the  area ' s  we l fare . Acute  stress  for many 

re s i dents cou l d  be e l evated by the purgi ng , but shou l d  d i m i n i s h the rea fte r .  Thus , th ree sources  of s tre s s  

seem perti nent t o  TM I - 2  decontam i nati o n :  ( 1 )  t h e  durat i o n  of reactor b u i l d i ng atmo sphe re decontami nati o n  

operat i ons ; ( 2 )  t h e  i mmed i ate fears p u rg i ng arouses ; a n d  ( 3 )  d i strust  o f  autho r i t i e s  respons i b l e  f o r  

decontam i nat i o n  acti v i t i es .  
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8 . 0 Radi o l og i ca l  E n v i ronmental  Mo n i to r i ng P rogram 

8 . 1 I ntroducti o n  

T h e  rad i o l og i c a l  e n v i ronme n t a l  mo n i to r i ng around t h e  T M I  s i te a n d  nearby commu n i t i es d u r i ng decontam i nati o n  o f  the 
reactor b u i l di ng atmos p h e re wou l d  b e  performed by (1) the U . S .  E n v i ro nme ntal  P rotect i on Age n cy ( E PA ) , ( 2 )  The 
Commo nwe a l t h  o f  Pennsyl van i a ,  ( 3 )  the U . S .  Departmen t  o f  Ene rgy , (4) the N u c l e a r  Reg u l ato ry Commi s s i on , and ( 5 )  

Metrop o l i ta n  Edi s o n  Comp a ny ( the l i ce n s ee ) .  Each p rogram i s  s ummari zed i n  the fo l l owi n g  s ubparagrap h s ; a more 
c omp l ete descri p t i o n  is  g i v e n  in  the EPA report , " Long-Term E n v i ronmental Rad i at i o n  S u rv e i l l a n c e  P l an for T h ree 
M i l e  I s l and , "  Ma rch 17 , 1980 . 

8 . 2 U .  S .  E n v i ronme nta l P ro tect i o n  Age ncy ( E P A )  Radi o l og i c a l  Mo n i to r i ng P rogram 

EPA has been de s i gnated by the Exec u t i ve O f f i c e  of the P re s i dent as the l ead F e d e r a l  Agency for c o n d uc t i ng a c om
prehe n s i v e  l o ng-term e n v i ronmental rad i at i o n  s u r v e i l l a nce p rogram as a f o l l ow up to the acc i de n t  at TMI - 2 .  E PA 
has rec e n t l y  i nc o rpo rated a s eparate s e c t i o n  i n  the i r  s u rv e i l l ance p l an detai l i ng the mo n i to r i ng program to b e  
i mp l emented s h ou l d  the NRC staff propo s a l  to p u rge the r e a c t o r  b u i l d i ng atmo s p h e re b e  appro v e d .  E PA ope rates a 
netwo r k  of 18 conti n u o u s  a i r-mon i to r i ng s tat i o n s  at rad i a l  d i stances rang i ng from 0 . 5  m i l e  to 7 m i l e s from TMI . 
Seven m i l e s was estab l i s h e d  as the po i nt we l l  beyond that wh i c h EPA expects to detect a ny emi s s i o n s  from TM I - 2 .  
Each s tati o n  i nc l udes a n  a i r s amp l e r ,  a gamma rate recorde r , a n d  three T LD s . A l i st o f  samp l i ng l ocati o n s  i s  s hown 
i n  Tab l e  8 . 1 .  These s tat i o n s  c o n s t itute E PA ' s b a s e l i ne ,  l on g - t e rm mon i to r i ng p rogram .  The a i r s amp l e r  u n i t s  s am p l e  
at approx i mate l y  2 c fm and the samp l es are c o l l ected from each stat i o n  and a n a l yzed typ i c a l l y  three t i mes p e r  wee k .  
� 1 1 samp l e s  are a n a l yzed by gamma spectroscopy a t  E PA ' s Harr i s b u rg Laboratory u s i ng a G e ( L i ) detector wi th a l owe r 
l i m i t of detect i o n f o r  c e s i um- 137 or i od i n e - 1 3 1  of approx i mate l y  25 p C i  ( 0 . 15 pC i /m 3  f o r  a 48- h o u r  samp l e ) .  

Each mo n i to r i ng stat i o n  i s  e q u i pped wi t h  a gamma rate recorder for meas u r i ng and reco rd i ng exte r n a l  expo s u re .  
Recorder c harts are read o n  the s ame s c h e d u l e  u s e d  for ai r s amp l e  c o l l e c t i on and t h e  c harts a re removed wee k l y  fo r 
rev i ew and storage at E PA ' s l aboratory i n  Las Vegas , Nevada . 

T h e rmo l umi n e s c e n t  dos i mete rs have b e e n  p l aced at each mon i tori ng s tat i o n  and at 0 . 25 m i l e  i nterva l s a l o n g  roads 
i mmedi ate l y  paral l e l to the S u s q u e h a n n a  R i v e r  near TMI out to a d i s tance o f  about 2 . 5 m i l e s from the reacto r .  
T L D s  have a l s o  b e e n  p l aced o n  t h e  i s l ands l ocated 0 . 5 m i l e s to 1 . 5 m i l es we s t  o f  t h e  reactor s i te ( S h e l l ey ,  H i l l ,  
H e n ry ,  Ko h r  and Beech I s l a n d s ) .  T h e s e  do s i mete r s  are read quarte r l y .  

I n  add i t i o n  to t h e  above , a wee k l y  compre s s e d  gas  s amp l e  i s  taken at t h e  O b s e rvat i o n  Center a n d  s e n t  t o  EPA Las 
Vegas for a determ i nat i on of krypton and xeno n .  

T h e  E PA ' s  base l o ng-term p r o g ram d i s c u s s ed above wi l l  c o n t i n u e  a n d  wi l l  be a ugme nted i n  t h e  fo l l owi ng man n e r  i f  
p u rg i ng o f  krypton i s  approved . 

A m o n i tori ng p rogram c o n s i st i ng of s u rvey meter a n d  i o n c hambe r  mea s u rements , c o l l e c t i o n  o f  compre s s e d  a i r s amp l e s  
f o r  Kr-85 a n a l y s i s  a n d  i ntens i f i ed c o l l ec t i o n  o f  s amp l e s from rout i ne a i r  mo n i t o r i ng stati o n s  wi l l  be i mp l emented . 
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A m i n i m um of t h re e  mob i l e  rad i at i o n  mon i to r i ng personne l e q u i pped wi th s u rv ey i n s trume nts and o n e  l ow range 
p re s s u r i z e d  i o n- c hamber wi l l  b e  pos i t i oned i n  the pred i c ted downwi nd traj e c t o ry d u r i ng p u rg i n g .  Mo n i to r i n g  
p e r s o n n e l  wi l l  be d rawn f r o m  other Federa l agenc i e s as we l l  as f r o m  t h e  E P A  i n  o rder to p ro v i de 24 h o u r  
coverage . I n  addi t i o n to ma ki n g  rad i at i o n  mea s u rements throughout t h e  day , p e r s o n n e l  wi l l  be prepared to 
c o l l ect comp r e s s e d  a i r s amp l e s based o n  those mea s u reme nts . 

B .  Krypton-85 S amp l i ng 

F o u r  comp r e s s e d  a i r s amp l i ng u n i ts wi l l  be p o s i t i oned at f i xed l ocat i o n s  f o r  t h e  c o l l ecti o n  o f  wee k l y  samp l e s .  
The u n i ts wi l l  b e  p l aced a t  M i ddl e town , the O b s e rvat i o n  Cente r , B a i n b r i dge a n d  G o l dsboro i n  o rd e r  t o  prov i de 
rep resentat i ve cove rage w i th emp h a s i s  i n  the p redomi n a n t  wi nd d i rec t i o n s . Samp l i ng wi l l  be conducted for o n e  
t o  two wee ks p r i o r  to p u rg i ng to p rov i de bac kground data f o r  the TM I a rea . Samp l e s rout i ne l y  c o l l ected i n  
Nevada wi l l  prov i de a n  i nd i cat i o n  o f  wo r l dwi de amb i ent Kr-85 l ev e l s for comparat i ve p u rpo s e s . I n  addi t i o n  
t h r e e  comp re s s ed a i r s amp l i ng u n i ts wi l l  be dep l oyed w i th the mobi l e  mo n i tors . A m i n i mum o f  o n e  s amp l e  wi l l  
be c o l l ected each d ay ( at the p r e d i cted o f f s i te l ocati o n  o f  max i mum p l ume c o n c e ntrat i o n ) . Add i t i o n a l  samp l e s  
wi l l  b e  c o l l ec ted , w h e n  nece s s a ry ,  based upon s u rvey meter and i o n - c hambe r  data . A l l s amp l e s wi l l  b e  a n a l y z e d  
a t  the E P A  l abo rato ry fac i l i t i e s i n  Harr i s b u rg .  

C .  T r i t i um Mo n i to r i ng 

One mo l ec u l ar s i eve s amp l e r wi l l  be ope rated at the Obse rvat i o n  Center for c o l l ect i o n o f  atmo s p he r i c mo i s t u r e  
fo r t r i t i um a n a l y s i s . A n a l y s e s  wi l l  be p e r f o rmed a t  t h e  EPA l aboratory fac i l i ty i n  H a rr i s b u rg .  

D .  Ro u t i ne A i r M o n i to r i n g  N e two r k  

I n  o rder t o  v e r i fy t h a t  no rad i o n uc l i de s  o t h e r  t h a n  Kr-85 a r e  re l e a s e d  t o  t h e  e n v i ronment d u r i n g  p u rg i ng ,  
s amp l e s from the e s t ab l i s hed n e two r k  o f  e i ghteen opera t i ng stat i o n s  wi l l  c o n t i n u e  to b e  c o l l ected . Samp l e s  
i n  the downwi nd secto r wi l l  b e  c o l l ected e v e ry day , ra ther t h a n  the t h ree t i me s  p e r  wee k  u n d e r  n o rma l c o nd i 
t i o n s . I n  addi t i on at l ea s t  o n e  s amp l e  f rom " co n t ro l "  stat i o n s  i n  e a c h  quadrant not i n  the downwi nd traj e c 
tory wi l l  be c o l l ected and a n a l yzed o n  a dai l y  ba s i s .  

EPA reports a l l res u l ts o f  t he i r  monj tori ng meas u rements from t he i r bas e l i ne p rog ram three t i me s  each wee k  t o  t h e  
p u b l i c  and news med i a .  I f  K rypton p u rg i ng i s  approved , EPA w i l l  make dai l y  reports t o  the p u b l i c  and news med i a  
start i ng approx i mate l y  two wee ks before i nt i at i o n  o f  p u r g i n g , and c o n t i n u i n g  u n t i l p u rg i n g  i s  comp l e te d .  

8 . 3 Commonwe a l t h  o f  Pennsy l v an i a  Rad i o l og i ca l  Mon i to r i ng P rogram 

The Departme nt of E n v i ronme nta l R e s o u rc e s  o f  the Commo nwe a l th of P e n n sy l v an i a  operates t h ree c o nt i n u o u s  a i r  samp
l i n g s tat i o n s ; o n e  at the Evange l i c a l  �r e s s  B u i l d i ng i n  Harri s b u r g , one at the TM I O b s e rvat i o n B u i l d i ng ,  and o n e  
i n  G o l ds boro near the b o a t  doc k .  Each a i r  samp l i ng s tat i o n  c o n s i s t s  o f  a parti c u l ate f i l te r  fo l l owed b y  a c harcoa l 
cartr i dge . The f i l te rs and c a rt r i dges are changed wee k l y ; the part i c u l ate a i r s amp l e s are gamma scanned a n d  beta 
c o unted fo r reactor- re l ated rad i o n uc l i de s .  The part i c u l ate a i r s amp l e s are compo s i te d  quarte r l y  and ana l yzed for 
S r-89 and S r- 9 0 .  The c harcoa l s amp l e s are g amma s c a n n ed for reactor- rel ated rad i o n uc l i de s .  T h ey do not , howe v e r , 
have the capab i l i ty to samp l e or ana l yze for Kr-85 . 
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8 . 4 U . S .  Departmen t  o f  E n e rgy 
8 . 4 . 1 Commu n i ty Moni tor i n g  P rogram 

The Departme nt o f  Ene rgy and Commo nwea l th of P e n n s l yvan i a  are s p o n so r i ng a Commu n i ty Radi ati o n  Mon i to r i ng P ro gram . 
T h i s program has as i ts p u rp o s e  to : ( a )  prov i de i ndepe ndent v e r i f i c at i o n  of rad i at i o n  l ev e l s i n  the TM I area by 
t ra i ned l oc a l  comm u n i ty p e o p l e ,  and ( b )  to i ncrease p u b l i c  understand i ng o f  rad i at i o n  and i ts e ffects . The 
approach to a c h i eve t h i s p u rp o s e  has i nv o l ved the s e l ecti o n  o f  i nd i v i d u a l s by l oc a l  o f f i c i a l s from the fo l l owi n g  
12 commun i t i e s  wi t h i n app roxi mate l y  f i ve m i l es a r o u n d  TM I .  

E a s t  Manc h e s te r  Twp . 
Londonberry Twp . 
York Haven 
Lowe r Swatara Twp . 
C o n oy Twp . 
G o l dsboro 
F a i rv i ew Twp . 
Roya l to n  
Wes t  Donega l Twp . 
M i d d l etown 
Newb e r ry Twp . 
E l i zabethtown 

Approx i mate l y  50 i nd i v i du a l s parti c i pated i n  trai n i ng c l a s s e s  conducted by members o f  the N u c l ear E n g i n e e r i ng 
Departme nt o f  the P e n n sy l v a n i a State U n i v e rs i ty .  App rox i mate l y  1 5  trai n i n g  s e s s i o n s  were conducted i nv o l v i ng 
c l a s s room i n struct i o n s , l aboratory trai n i ng ,  and actua� rad i at i o n  mo n i to r i n g  i n  the f i e l d .  The teams u t i l i z e d  E P A  
gamma rate record i ng dev i c e s  wh i c h a r e  c u rrent l y  i n  p l ace around T M I  a n d  wi l l  b e  s u p p l emented by gamma/beta s e n s i 
t i ve dev i c es wh i c h are be i ng f u r n i s he d  by DOE through EG&E I da h o , I n c .  T h i s trai n i ng was structured to cover t h e  
fol l owi ng areas : 

1 .  C l a s s room i n structi o n  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I ntroduct i o n  to ra d i oacti v i ty 
I nteract i o n  of radi at i o n wi th matter 
Methods o f  rad i a t i o n  detect i o n  
Rad i at i o n  c o u nt i ng v ar i ab l e s  
Radi ati o n  p ro te c t i o n  u n i ts 
Hea l th phys i c s  procedures 
Rad i at i o n i n terac t i o n  wi th b i o l og i c a l  sy s tems 
Adm i n i s t rat i ve p rocedures f o r  Comm u n i ty Rad i at i o n  Mo n i to r i ng 
P rog ram 
TM I - 2  acc i de n t  and c l eanup 
Meteoro l o g i c a l  c o n d i t i o n s  

2 .  Laboratory i nstruc t i o n  

0 

0 

0 

G .  M .  ( G e i ger Mue l l e r )  counti ng expe ri ments 
Rad i ati o n  c o u n t i n g  stati s t i c s  
Mo n i to r i ng e q u i pme nt fami l i a r i z ati o n  



0 

0 
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Argon-41 and Krypton-85 mon i to r i n g  

Superv i sed  area mon i tor i ng w i t h  actual  procedures and 

equi pment 

At the comp l et i o n  o f  the i nstruct i o n  phase , a f i n a l  exam i nati o n  was  g i ve n .  Th i s was fo l l owed b y  f i e l d  mon i tor i n g  

tra i n i ng o f  approx i mate l y  one wee k .  

The trai n i ng ses s i o n s  p ro v i ded bas i c  i nfo rmat i on o n  rad i ati on , i ts e f fects , detecti on  tec hn i ques , and i nc l uded 

hands - o n  experi ence w i th  mon i to r i ng  equi pment i n  the fi e l d .  C i t i zens  were expected to demons trate competence i n  

both the theoret i ca l  and practi ca l  aspects o f  the course be fore actua l moni tori ng  e fforts begi n .  F o l l owi ng the 

comp l eti o n  o f  trai n i ng i n  the th i rd wee k  of  Apri l ,  team rep resentati ves  i n  each o f  the 12 s e l ected areas began 

data acqu i s i ti on from the gamma and gamma/beta s e ns i t i ve i nstruments on  a routi ne bas i s .  Deta i l ed p rocedures we re 

deve l oped to conso l i date the i nformati on be i ng obtai ned i nto a central  po i nt o f  contact i n  the C ommo nwea l th o f  

Penns l yvani a f o r  d i s s emi nati o n  t o  t h e  pres s , l oc a l  o f fi c i a l s ,  and other i nterested part i e s  on  a rout i n e  bas i s .  

Mai ntenance and ca l i b rat i o n  procedures we re a l s o  deve l oped and are i n  p l ace pri o r  to the i n i t i at i o n  o f  rout i ne 

f i e l d  mon i to r i n g .  The Commun i ty Mon i tori ng Program was i n i t i ated o n  May 21 and the resu l ts of meas u rements from 

t h i s program are repo rted dai l y  to the publ i c .  

8 . 4 . 2 DOE - Atmosphe r i c  Re l ease Adv i sory C apac i ty 

The Departme nt o f  Ene rgy wi l l  make avai l ab l e  dur i ng the purg i ng operat i ons  i ts Atmospheri c Re l ease Adv i s o ry 

Capac i ty (ARAC ) . Th i s  ARAC system w i l l  prov i de i ndependent pred i ct i o n s  o f  the d i spers i on patterns for  the krypto n 

re l ease  based o n  l oca l  meteoro l ogi ca l  data and Nati o n a l  Weather Serv i ce reports . These pred i cti o n s  wi l l  use  atmo

spheri c d i spers i on mode l s  wh i ch have been veri f i ed duri ng  many years of  fi e l d  experi ence and tests i n  Government 

p rograms . The predi cted d i spers i on patte rns wi l l  be pro v i ded to the E nv i ronmental  Protect i o n  Age ncy to se rve as a 

bas i s  for the i r  pos i t i o n i ng  o f  ground l eve l  mon i to r i ng  teams . These pred i cti o n s  wi l l  a l s o  be pro v i ded to the 

uti l i ty and the NRC , as an  add i t i o n a l  means o f  a s s u r i ng that the purg i ng ope rat i o n  is b e i ng adequate l y  contro l l ed .  

8 . 5 U . S .  Nuc l ear Regu l atory Commi s s i on Rad i o l og i c a l  Mon i to r i ng Program 

The N u c l ear Reg u l atory Commi s s i on  ( N R C )  wou l d  operate one  a i r  samp l i ng stat i on l ocated i n  the m i dd l e of the 

reactor comp l ex .  The a i r  samp l es wo u l d be cha nged wee k l y  a n d  anal yzed by gamma spectrometry .  T h e  N R C  wou l d  p l ac e  

two sets o f  TLDs  a t  5 9  l ocati o n s  a s  s hown i n  Tab l e  8 . 2 .  Both sets wou l d  b e  read o n  a month l y  b a s i s ;  h owever , 

f l ex i b i l i ty exi sts to read one set at more frequent i nterva l s s h o u l d  cond i t i ons  wa rrant . 

8 . 6 L i censee ' s  Rad i o l ogi cal  Envi ronmental  Moni to ri ng Program 

The l i censee norma l l y  �ti l i ze s  72 radi o l og i ca l  e n v i ronmenta l  mon i to r i ng l ocati ons  to mon i tor p l ant re l eases  wi th 

two thermo l umi nescent dos i mete rs ( T LD s )  at each l ocati o n .  In add i t i o n  to these req u i red T LD s , four add i t i o n a l  

T L D s  wi l l  be p l aced i n  e a c h  o f  t h e s e  l ocat i ons  dur i ng contro l l ed pu rge ; two for peri od i c  readouts ( frequency 

depends upon p u rge durat i o n  and the i n f l uence o f  p l ume ) and the rema i n � ng two for asses sment o f  the i ntegrated 

dose over the enti re purge peri o d .  I n  ant i c i pat i on o f  certa i n  s.ectors comi ng u n d e r  t h e  i nf l uence o f  t h e  p l ume fo r 

a greater durati on  o f  purge peri od , add i t i o n a l  TLDs  wi l l  be p l aced i n  se l ected areas . 

I n  add i t i o n  to the T LD mon i to r i ng ,  g rab a i r  samp l es wi l l  be obta i ned by an i nd i v i dua l ( s )  d i s patched v i a  two-way 

commu n i cati on s  to the projected p l ume touchdown area dur i ng the contro l l ed purge . The a i r  s amp l e r  wi l l  be p l aced 

and operated such that a grab s amp l e  wi l l  be  obta i ned over a 15- 20 mi nute peri od whi l e  i mme rsed i n  the p l ume . 

H o u r l y  update o f  p l ume d i recti o n  and touch- down a rea , uti l i z i ng rea l t i me mon i to r i ng and an a s s e s sment program , 

wi l l  be obta i ned and d i ssemi nated to fi e l d  samp l i ng teams . 



STAT ION AZ 

3 325 

4 360 

5 040 

9 100 

11 130 

13 150 

14 145 

16 180 

17 180 

20 205 

21 250 

23 265 

31 270 

34 305 

35 068 

36 095 

37  025 

38 175 

* S amp l i ng s tat i o n s  l ocated i n  
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Tab l e 8 . 1 

T h ree M i l e  I s l and 
E PA Long-T e rm Surve i l l ance Stat i ons 

A i r Samp l ers , Gamma Rate Recorde r s , TLDS 

D I STANCE ( M i l e s )  ASSO C I ATED TOWN 

3 . 5 Meade He i g hts , PA - Harr i s burg 
I nternat i onal  Ai rpo rt 

3 . 0 *Mi dd l etown , PA - E l woods ' S unoco Stat i on 

2 . 6 Roya l town , PA - Londonderry Town s h i p  
B u i l d i ng 

3 . 0 ·Newv i l l e ,  PA - Brooks F a rm ( Ea r l  N i ns l ey 
Res i dence ) 

2 . 9 Fal mouth , PA - C h a r l e s Brooks Re s i dence 

3 . 0 F a l mouth , PA - D i c k  Li b h a rd Res i dence 

5 . 3 *Ba i n b r i dge , PA - B a i n b r i dge F i re Comp a ny 

7 . 0 *Ma n c h e s te r ,  PA - Manchester F i re Dep t .  

3 . 0 *York Haven , PA - Y o r k  Haven F i re Stat i on 

2 . 5  Woods i de ,  PA - Zane Resner Res i dence 

4 . 0 *Newberrytown , PA - Exxon Kwi c k  Serv i ce 
Stat i o n  

2 . 9  G o l dsboro , PA - Mue l l ar Re s i dent 

1 . 5 *Gol dsboro , PA - D u s ty M i l l e r Re s i dence 

2 . 7 P l a i nf i e l d ,  PA - P o l i tes Res i dence 

3 . 5 Roya l town , PA - Geo rge H e r s h b e rger Re s i dence 

0 . 5 TMI O b s e rvat i o n  Center 

0 . 7 North Gate , TMI 

0 . 8  South Gate , TMI 

i nd i cated town . O t h e r  s amp l i ng stat i o n s  are l ocated near i nd i cated town s .  
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Tab l e 8 . 2 

DESCRI PT ION OF NRC TLD LOCAT IONS 

El - Hwy . 441 o n  Laur el Road 1s t tele phone po l e  on r ight ou t s ide vendor TLD 
box. 9 0 °  o. 4 5  mi 

N E 1  - On telephone po l e  by Geo rge Beyer Ma rke t ,  Geye r s  Church Road o f f  44 1 .  
2 5 °  0 . 8  mi 

NE2 - On t e l epho ne po l e  at inte r s e c t i o n  of H i l l s d a l e  and next road on l e f t  
f rom Geye r s  Chur ch Road ( c losed road to g o l d  church) b y  ye llowish red 
hou s e .  1 9 °  1 . 9  mi 

N 1  - On cha in link fence fo r powe r sub s ta t ion , Mi ddletown SE c o rne r .  
3 5 8 °  2 . 6  mi 

NE3 - On t e lephone po le on R t .  2 3 0  di r e c tly acros s f r om Shady Lane Mo t e l . 
1 5 ° 3 . 05 mi 

NE4 - On telepho ne po l e  on Rt.  7 4 3  jus t no rth of Texaco s ta t io n ,  jus t 
north of Turnp ike Wlderp a s s .  5 5 °  6 .  5 mi 

N2 - On t e lephone po l e  on Middletown Road N of R t .  2 8 3 , d i r e c t l y  a c ro s s  the 
s t ree t from ch i l drens care cente r .  

N3 - On s ign po l e  on Middletown Road a t  int e r s e c t i o n  to R t .  3 2 2  E .  
S ig npo le s ay s  3 2 2  We s t .  0 °  7 . 0  mi 

N4 - On tele phone po l e  on Hoe Road , j u s t  N. o f  int e r s e c t ion of Unio n Depo s i t  
Road . 2nd po le o n  l e f t .  0 °  9 .  0 mi 

N5 - On telephone po l e  on R t .  39 at i n t e r s e c t ion of R t .  22 (Allentown Rd . )  
0 °  1 3  mi 

NW5 - Envi ronme ntal S t a t ion ( Me t  E d )  a t  We s t  F a i rvi ew , r e a r  to Annex Bu i l d ing 
Fa i rview F i r e  Depa r tment , a d ja cent to t rack s .  

3 0 5 °  1 5  mi 

NW4 - On tel epho ne po l e  on Meadowb rook jus t o f f  B r i d ge S t re e t ,  o ne block on N. 
s id e  from Br idge S t r e e t .  300 ° 8 . 6 mi 

NW 3 - On t elephone po l e  on Old Yo rk Road . 
we s t  s id e .  2 9 5 °  

1s t po l e  o v e r  turnp ike ove rpas s ,  
7 . 4 mi 

NW2 - On telepho ne po l e  on Ma r s h  Road by Culve r t  Wlder RR t racks o f f  Old Yo rk 
Road . 300° 5 . 9 mi 

NW 1 - On t e lepho ne po l e di r e c t l y  in front of chur ch at intersec t ion of R t .  2 6 2  
E a n d  Rt . 392 W ( Va l l ey Road and Yocumt own Road ) . 

3 0 5 °  2 . 6  mi 

W1 - On ""No Park i ng Any T ime"" s ign within 1 8 '  of wa t e r  at o l d  boat ramp at 
Goldsboro. 2 6 4 °  1 . 2 5 mi 

W2 - On cons tant mon i t o r  ins i d e  cha in l ink fence to Mon i t o r i ng S t a t io n ,  
Goldsboro on R t .  2 6 2 .  B y  s t re am .  

2 5 2 ° 1 . 3  mi 

S W 1  - On t e l epho ne po l e  appr oxima t e ly 2 5 ' from t rack s  in turn around f ul l  of 
f l a t tened beer cans. Ac r o s s  f rom 2 sma l l  t r a i l e r s  ( g re e n  and blue ) in 
c lear ing (N end ) . 200° 2 . 1 mi 

W3 - On tel ephone po l e  on Pines Road at intersect ion of 9 7 4  Red Mi l l  Road.  
nea r Newb e r ry .  2 6 4 °  2 . 9 mi . 

WS - On t e l e phone po l e  at i n t e r s e c t ion of R t .  382 and Rt . 1 7 7  NW co rner 
L ewi sburg . 259° 7. 3 mi . 

W4 - On t e l epho ne po l e  on R t .  3 9 2  ( Pa t hshill Road) jus t b eyond Ridge Road on 
S .  s id e .  Beyo nd sharp bend . 2 6 6 °  5 . 9 mi 
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Table 8 . 2 ( Conti nued) 

SW2 - On telepho ne po le at int e r s e c t ion of 3 82 . E  and 2 9 5 .  D iagonally across 
f rom Texa co s t a t ion, Yo rk Haven Roa d  and Ree d e r s  Hill Rd . Pl easant 
G rove . 203 " 2 . 5 mi 

S -1 - On t e lephone po le at inters e c t ion of R t .  1 8 1  and 3 8 2 . Acro ss s t reet 
f rom Yo rk Haven Off ice.  I n  front of Catho l i c  chur c h ,  Yo rk Haven. 

1 6 8" 3 . 1 5  mi 

S -2 - On t e lephone po l e  at intersect ion of Mee t ing Hou s e  Road and N. George 
S t re e t  ( R t .  1 8 1  S ) ,  Manche s t e r .  1 7 5 "  5 . 1 mi 

S -3 - On telepho ne po le on R t .  2 3 8  at i n t e r s e c t i o n  to Rt . 1 8 1  s .  By o l d  brick 
a nd ceme nt block building , Emig svi l l e . 

1 80 °  9 . 1 mi 

SW3 - On telepho ne po l e  at intersect ion of Lewi sberry Road and Bu t ter Roa d .  
By sma l l  f rame house n e a r  Anderson town . 

2 1 0 "  8 . 1 mi 

SW4 - On t e l e pho ne po l e  at in t e r s e c t ion of But t e r  Road and Bul l Road 
2 1 5 " 1 0 . 1 mi 

S -4 - Y o rk s ub s t a t ion , sampl ing enclosur e .  
1 80 °  1 2  mi 

S E 5  - On telepho ne po le at i n t e r s e c t ion of 44 1 N and V inogary Ferry Ro ad 
a c ros s ent rance to Ca rg i l l  Truck ent rance .  

S E 4  - On po le a t  intersect ion of 44 1 N and 2 4 1  N .  
1 4 1 "  

Po l e  next t o  fruit s tand . 
4 . 6 mi 

S E 3  - On chain link fence on right s ide by Coll ins S ub s t a t ion s ign a t  
i n t e r s e c t ion of 4 4 1  a n d  Falmouth R o a d  • 

. 1 60 °  2 . 2 5 mi 

S E2 - On t e l epho ne po le at interse c t ion of 4 4 1  N and Turnp ike Ro ad . 
1 6 2 °  1 . 8 5 mi 

S E 1  - On t e l epho ne po l e  across from Red H i l l  Fa rm f ru i t  s tand 4 4 1 .  N ,  1 mi l e  
f rom 3 Mil e  I s l and . 1 5 0 "  1 mi 

E2 - On t e l ephone po le at H i l ls d a l e  Road and Turnp ike Road . 
1 1 0 "  2 .  7 mi 

E3 - On tel epho ne po l e  at Turnp ike Road and Bos s l e r  Road . 
1 0 1 "  3 . 7 mi 

E4 - On telephone po le at int e r s e c t ion of W Hight S t re e t  and Mo sorie Road , 
E l i z a be thtown . 9 0 "  7 ,  0 mi 

E 5  - Me adow Lane , 1 s t  hou s e  on south s id e  of s t re e t .  

N - Rte 44 1 

N E  - Unde r TMI high tension lines 

ENE - Rt e .  230 

SE - Rt e .  4 1 1  

s sw - Beech Isl and 

SW - Newb e r ry Town s h i p  

N NW - Shelly I s l and 

8 6 "  0 . 4 mi 

0 3 "  1 . 8  mi 

44 " 1 o 1  mi 

6 4 "  3 . 8  mi 

1 3 0 "  0 . 5 mi 

203 " 0 . 7 mi 

2 2 r  1 . 8  mi 

28 9 "  0 . 3 mi 



8 , 8  

Ta b l e 8 , 2  ( Cont i nued ) 

WNW - Town of Plainf ield 30 1 °  

NW 

NW 

NNW 

- H i l l  Isl and 3 1 6 °  

- H igh s p ire 3 2 6 °  

- Kohr Isl and 3 3 2 °  

NRC - TLD SCHOOL LOCATIONS 

N 1 a  NORTHUMBERLAND S CHOOL 
2 . 4  mi N 

Nlb HANS BERGER SCHOOL 
2 . 7  mi NNW 

N 1 c  FEASER SCHOOL 
3 mi N 

N 1 d  CAP ITOL CAMPUS , PE NN STATE U. 
3 . 5  m i  NW 

Nle GRANDV I EW S CHOOL 
3 . 5  mi NNW 

Nlf MI DDLETOWN H IGH SCHOOL 
4 mi NNW 

NE-3a TOWN S H I P  S CHOOL 
3 . 6  mi NE 

W-3a NEWBERRY S CHOOL 
4 . 4  m1 w ·  

S-1 a YORK HAVEN-NEWBURG S CHOOL 
3 . 3  mi S 

S E-4a BAI NB RIDGE SCHOOL 
5 . 0  mi SE 

1 . 3  mi 

1 . 2  mi 

5 mi 

0 . 5 mi 
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9 . 0 Response to Comme nts 

9 . 1 I ntroduct i o n  

The draft " E nvi ronmental  A s s e s sme nt f o r  Decontami nat i o n  o f  the Three M i l e  I s l and U n i t 2 Reactor B u i l d i ng Atmosphere" 

( NUREG- 0662 ) and two subsequent addenda were i s s ued for  pub l i c  comment . The p u b l i c  comment peri od for these three 

documents ended May 16 , 1980 . At the c l ose  of the comm�nt peri od approx i mate l y  800 responses  had been rece i ve d .  

Comments on  t h e  Env i ronme ntal  Asses sment were rece i ved from var i ous  Fede ra l , State , and l oc a l  agenc i es and o ff i 

c i a l s ;  from nongovernmental  o rgan i zat i o n s , and from p r i vate i nd i v i dual s .  A l l s ub s tant i ve comments rece i ved  appear 

i n  Vo l ume 2 of  th i s  Assessment . The comments rece i ved fe l l i nto .one  o f  three catego r i es : (1)  those s upport i ng 

the purg i ng a l ternat i ve recommended by the NRC staff ( approxi mate l y  195 responses ) ,  ( 2 )  those opposed to . the  

p u rg i ng a l ternat i ve ( approx i mate l y  500 response s ) , and (3)  those who  recomme nded decontam i nat i o n  a l ternat i ves  

other than those d i scussed in  the E n v i ronmental A s s e s sment or · who otherwi s e  comme nted o n  the asses sment ( approx i 

mate l y  105 responses ) .  The th i rd category a l so  i nc l uded a l l other comments on  the f i ve a l ternat i ves  eval uated i n  

the E n v i ronmenta l Assessment , as we l l  as  s u gges t i o n s  for add i t i ona l methods for decontam i nat i ng the TMI - 2  reactor

b u i l d i ng atmosphere . Several of  the responses  i nc l uded spec i f i c  ed i tori a l  comments , Whe re approp r i ate , these 

comments have been reso l ved  by rev i s i on o f  approp r i ate sect i ons  of  th i s  f i na l  E n v i ronmenta l Assessment .  

9 . 2 Comments S upport i ng the Recommended P u rg i ng A l te rnati ve 

The NRC staff rece i ved  approx i mate l y  195 responses s upport i ng the purgi ng a l ternat i ve recommended i n  the E n v i ro n

menta l Assessment.  

� . 2 . 1  Pres i de nt ' s Counc i l on  E n v i ronmenta l Qua l i ty ( CEQ) . C EQ stated that i n  the i r v i ew the NRC staff ' s  p ropo s a l  

t o  separate t h e  decontami nat i on of  t h e  reactor b u i l d i ng atmosphere from t h e  preparat i on  o f  t h e  Programmat i c  E nv i 

ronmenta l Impact Statement does not v i o l ate 4 0  C F R  § 1506 . 1 ( 1979)  ( L i m i tat i ons o n  ac t i ons  d u r i ng NEPA p roce s s )  o f  

the Counc i l ' s  regu l at i ons  i mp l ement i ng the Nat i onal  E n v i ronmental  Po l i cy Act.  

9 . 2 . 2  The U . S . E n v i ronmental Protect i on Agency ( EPA) . E PA stated that the most acc eptab l e  method for  decontam i -

nat i ng the TMI - 2  reactor b u i l d i ng atmosphere i s  a contro l l ed p urge t o  the e nv i ronment i n  as  s hort a t i me as  poss i 

b l e ,  when meteoro -l og i ca l  cond i t i ons  most favor d i spers i o n .  EPA based i ts recomme ndat i on o f  th i s  method on  the 

very l ow env i ronmental  and p u b l i c  hea l th i mpact that wou l d  res u l t  from the contro l l ed re l ease of the Kr-85 and 

stated that th i s  method wou l d  e l i m i nate the l arge occupat i onal  rad i ati o n  exposure wh i c h co u l d  occur from use of 

the other decontam i nat i on a l ternat i ve s .  EPA a l so stated that the i r  asses sme nts o f  the offs i te doses for the 

purgi n g  a l ternat i ve were i n  genera l  agreement w i th those ca l cu l ated by the NRC staff and that the est i mated hea l th 

r i s k  o f  re l eas i ng the Kr-85 was 0 . 0001 excess deaths to the 1 , 750 , 000 popul at i o n w i th i n 80 k i l ometers (50 m i l e s )  

o f  Three M i l e  I s l and .  

9 . 2 . 3 U . S .  Department of Hea l th ,  Educat i on and We l fa re ( H EW) . 

The H EW B u reau of Rad i o l og i ca l  Hea l th comme nted that after rev i ewi ng the draft E n v i ronmenta l Asses sment and i ts 

two addenda , i t  i s  the i r conc l u s i o n  that the p u rg i ng o f  the KR-85 i n  the TM I - 2  reactor b u i l d i ng to the atmo s p here 

under contro l l ed re l ease i s  the prudent and proper c o u r s e  of act i o n wh i c h prov i de s  m i n i ma l , i f not zero , hea l th 

i mp act . They further noted t hat a l though membe rs  o f  the p ub l i c  i n  the v i c i n i ty o f  TMI  may cal l for a l terna t i ves  
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that do not re l ease the KR-85 to the e n v i ronment , the occupat i ona l  workers are a l s o members  of  the p ub l i c  and the 

hea l th i mpact ( i f  any )  best re l ates to the tota l popu l at i on dose i n  person- rem ( both occ upat i onal  and general  

pub l i c ) .  In  th i s  rega r d , they s tated that i t  wou l d  be  appropri ate for the NRC to prov i de est i mates o f  the tota l 

pop u l at i on dose ( both o f fs i te and occupat i onal ) .  The NRC s taff has i nc l uded these recommended dose e s t i mates i n  

t h i s F i na l  E nv i ronmenta l Asses sment . 

9 . 2 . 4  The U . S .  Department o f  Energy ( DOE ) .  

DOE s ubmi tted two re s p o n ses . The As s i s tant Secretary for Nuc l ear Energy s tated that h i s  staff had performed an 

i ndepende nt rev i ew o f  the  matter and had concl uded that a contro l l ed purge was i ndeed the preferred method for 

decontam i nat i on s i nce i t  wou l d  res u l t i n  l es s  pub l i c  rad i at i o n  expos ure than acc rues from many other powe r p l ants , 

both n u c l ear and fos s i l .  T h i s response u rged the Comm i s s i on to act p romptl y  o n  the matte r , and i n  the event o f  

NRC app roval , offered the  resources  o f  D O E  t o  ass i st i n  mon i tori ng off- s i te cond i t i o n s  d u r i ng t h e  p u rg i ng proces s  

t o  he l p guarantee that cond i t i ons  rema i n w i th i n  acceptab l e  l i m i t s .  ( See  Sect i on 8 . 0 ) .  The i r  s upport f o r  the 

purgi ng a l ternati ve  was re i terated by a DOE representati ve on Apr i l 25 , 1980 dur i ng a Commi s s i on b r i e f i ng on  

Se l ect i ve Abso rpti o n  Process  as an  A l ternat i ve in  Dea l i ng w i t h  Krypton i n  TMI - 2  Contai nment .  

The  second  DOE  re spon s e , from the As s i stant Sec retary for Env i ronment , s tated that  the i r rev i ew had  i denti f i ed 

several areas where they fe l t  that add i t i onal  i nformat i on or  c l ar i f i cat i on wou l d  enab l e  a more comp l ete a s s e s sme n t  

o f  t h e  potent i a l  effects o f  t h e  remova l  of  krypton g a s  from t h e  reactor b u i l d i ng .  T h e  fol l owi ng comments on  

NUREG-0662 were offered for cons i derat i on :  

The acci dent ana lys i s  for each a l ternat i ve ,  i nc l u d i ng  the proposed acti o n , s ho u l d i nc l ude e s t i mates o f  the 
probab i l i ty o f  o c c u rrence of  the wo rst case scenar i os .  Th i s  wou l d  perm i t  a more comp l ete eva l uat i on of  the 
potenti a l  for adverse  hea l th and safety i mpacts . 

A more prec i s e  e s t i mate of the t i me necessary to i mp l ement the var i o u s  a l te rnat i ves s hou l d  be pro v i ded 
because of  the i mp o rtance o f  t h i s factor i n  the overa l l dec i s i on-maki n g  process . - E s t i mates s h ou l d  be 
based on  rea l i st i c projec t i ons  o f  an  accel erated cons tructi o n/tes t i ng program for each a l te rnat i v e .  

The potenti a l  hazards assoc i ated w i th the storage o f  Kr-85 s hou l d  b e  quanti f i ed t o  the extent poss i b l e  
i n  order to better ref l ect the s e r i ousness  o f  prob l ems assoc i ated wi th  the storage . 

A more deta i l ed des c r i pti o n  o f  the mon i tori ng program for the proposed  act i o n  wou l d  be he l pfu l . Advanced 
mon i tori ng to ca l i b rate and veri fy analyt i cal  methods for pred i c t i ng the i nc reme ntal  dose at the s i te 
boundary shou l d  be d i s c u s s e d .  The ab i l i ty to promp t l y  and accurate l y  determ i ne off- s i te concentrat i ons  
a l so  s hou l d  be d i scus sed in  more  detai l .  

The des c r i p t i o n  o f  DOE ' s  rad i o l ogi cal  mon i to r i ng  program ( Secti on  8 . 0 )  does not repre sent an  accurate 
summary of our cu rrent e fforts . An updated vers i on o f  th i s  sect i o n  i s  enc l osed for your i nformati o n .  

The nature a n d  extent o f  the controversy surround i ng the proposed vent i n g  s h ou l d be presented . The 
bas i s  for the tec h n i ca l  ques t i o n s  be i ng ra i sed by vari ous s egments o f  the p u b l i c  and s c i enti f i c  com
mun i ty a l ong wi th a c ri t i ca l  eval uat i o n  of the i r  concerns wou l d prov i de a more mean i ngfu l  a s s e s sment 
of the s i gn i f i cance o f  the i mpacts o f  the propos a l . 

The recommendati on to i nc l ude e s t i mates o f  the probab i l i ty of occurrence o f  the worst  case scenar i os  for the 

var i ou s  postul ated acc i dents was con s i dered by the NRC s taf f .  S i nce t h e  heal th  e f fects res u l t i ng from worst  case  

acc i dent scenari os for any o f  the a l ternat i ves are  negl i gi b l e ,  the probab i l i t i es o f  occurrence are i rre l evant . 

A l though these probab i l i t i es have not been quanti f i ed ,  they are c o n s i dered l ow .  As for the proposed acti ons  to b e  

taken i n  the event o f  a postu l ated acc i dent , the NRC staff wi l l  req u i re that approp r i ate emergen cy and  conti ngency 

procedures be prepared and approved purs uant to the req u i rements o f  the fac i l i ty Tech n i ca l  Spec i fi cat i o n s  p r i o r  t o  

t h e  i mp l ementat i on o f  any decontam i nat i o n  a l ternat i v e .  

T h e  esti mated t i mes t o  i mp l ement t h e  v ar i o u s  decontami nat i on a l ternati ves , i nc l ud i ng  t h e  u s e  of  acce l e rated 

constructi on/te s t i ng programs , have been rev i ewed .  
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T h e  pote nt i a l  hazards a s s o c i ated w i t h  l ong- term storage of  Kr-85 a n d  t h e  N RC staff ' s  reason for recommendi ng 

aga i nst l ong-term storage o f  Kr-85 are di scus sed in  Secti o n  6 . 8 . 

The descri pti o n  of the mon i tori ng program to be used i f  the purgi ng a l ternati ve i s  app roved , has been rev i sed  and 

updated to ref l ect the c u r rent mon i tori ng p rogram . Sect i o n  8 . 0 contai ns  a detai l ed di scus s i o n of  the p l anned 

mon i to r i ng  program , i nc l udi ng an updated vers i on of the DOE sponsored port i o n .  

I n  i ts p reparat i o n  o f  t h i s f i na l  Env i ronmental  Asses sment , the NRC staff has agai n eval uated , a s  recommended , the 

nature and extent o f  the c o n trove rsy s urround i ng i ts recomme ndati o n  to decontami nate the TM I - 2  reacto r b u i l d i ng 

atmosphere by purgi ng to the  envi ronment as p resented i n  draft NUREG-0662 . An eval uati o n  of the pub l i c  comme nts 

and responses  to thi s proposal is conta i ned i n  Secti o n  9 . 0 o f  thi s f i nal  E n v i ronmental Asses sment whi l e  Sect i o n  7 . 2 

contai ns  a di scus s i on o f  the psycho l og i ca l  aspects of the p ropos a l . 

9 . 2 . 5 Adv i sory Commi ttee o n  Reacto r Safegua rds . 

I n  a j o i nt meeti ng betwee n  the NRC Commi s s i oners and the Adv i sory Commi ttee on Reactor Safeguards ( ACRS ) on Apri l 

11 , 1980 , several  members o f  the ACRS recomme nded that the reactor bu i l d i ng atmosphere s h ou l d be deco ntami nated 

soon  by contro l l ed purgi ng  to the envi ronment . The i r reasons  for th i s recommendat i o n we re that a contro l l ed purge 

wou l d permi t l es s  restri cted access  to the reactor b u i l d i ng for equi pment and i n strument ma i ntenance and repai r 

wh i c h  may be requi red i n  the near future , and that the hea l th effects of a contro l l ed pu rge wo u l d be very sma l l .  

9 . 2 . 6 Governor of Pennsy l van i a .  

The Governo r ' s comme nts were contai ned i n  a l etter s ubmi tted t o  Chai rman Ahearne after the Governor rece i v ed an 

i ndepe ndent assessment o f  the propo sed decontam i nat i o n  effort from the U n i o n  o f  Concerned Sc i enti sts ( UC S ) .  T h e  

Governor h a d  requested th i s  i ndepe ndent asses sment and h a d  been granted an extens i o n of the pub l i c  comme nt p e r i od 

to perm i t  the comp l et i o n  o f  thi s i ndependent assessment . I n  h i s  l etter to Chai rman Ahearne , the Gove rnor  stated : 

Thi s i s  to noti fy you of my v i ews , on beha l f of the Commonwe a l th of Pennsyl van i a ,  regardi ng the p ropos a l  
now before y o u  t o  remove rad i oacti ve krypton 8 5  from t h e  Three M l e  I s l and Uni t 2 contai nment b u i l d i ng 
by the process of venti ng i t  i nto the atmosphere . 

I have sought and rece i ved asses sments from the broadest range of knowl edgeab l e  sources avai l ab l e  
regardi ng potent i a l  hea l th effects o f  that proposa l .  T hese  sources have i nc l uded : 

*Members of your own staff , and espec i a l l y  M r .  Haro l d Denton , your d i rector of nuc l ear  reacto r 
regu l at i o n .  

*The U n i o n  of Concerned Sc i e nti sts ( U C S ) , the nat i o� ' s  fo remo st cri t i c ,  
n u c l ear powe r safety l ev e l s .  

be l i eve , o f  ex i sti ng 

*The Nati ona l  Counc i l on  Rad i at i o n  Protecti on  and Mea s u reme nts ( NC R P ) , an orga ni zat i o n  of di s
t i ngui s h e d  sci enti sts and phys i c i ans whi ch has been i n strumenta l i n  setti ng rad i at i on  hea l th 
standards i n  thi s country for near l y  20 years . 

* Rep resentat i ves  of the e l ectr i c  uti l i ty and nuc l ear i ndustri es . 

*The U . S .  Department of Heal th , Educati o n ,  and We l fare . 

*The Governor ' s  Commi s s i o n on T h ree Mi l e  I s l an d .  

* T h e  Pennsyl van i a  Departme nts o f  Hea l th a n d  Pub l i c  We l fare , the  l atte r o f  wh i c h h a s  j u ri s d i cti on i n  
the area of · menta l hea l th i n  our  state . 

*The Pennsy ·l v an i a  Department of Envi ronmenta l Resources ( D E R ) , i nc l ud i ng i ts Bureau of Rad i at i o n  
Protect i o n .  

The asses sments of these vari ous  group s and i nsti tuti ons  are bei ng forwarded t o  you under  separate 
cove r ,  and  I respectfu l l y request that you enter them i nto your offi c i a l  record on th i s  matte r .  
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There i s ,  I have f o u nd a broad- based consensus among these sources tha t the vent i ng p ropo s a l  now 
before you wou l d  have , i n  the words of the Concerned S c i enti sts , " no d i rect rad i ati on- i nduced he a l th 
effects o n  the res i dents of th i s area . " S i m i l ar l y , the NCRP conc l udes : " the exp o s u res  l i ke l y  to be 
rece i ved as a resu l t  of  venti ng are not a va l i d  bas i s  for concern w i t h  respect to he a l th e f fects . "  

There i s  a consens u s  on  the accuracy of the rad i at i o n  dose rate c a l c u l ati on£  made by your  staff , i n 
conj unct i on wi th  the uti l i ty ,  and there i s  a conse n s u s  that those dose _rate s are " i ns i gn i f i ca nt . " 

I s h o u l d  po i nt out that the U n i o n  of Concerned Sci ent ·i sts  fee l s that the p sycho l ogi c a l  s t re s s  a l ready 
experi enced by many res i dents o f  thi s a rea s i nce March 28 , 1979 shou l d  s e r i ous l y  be cons i dered i n  any 
dec i s i on you make w i th regard to the c l eanup operati o n  o n  Three Mi l e  I s l and , and I agree wi th that . 
As you know , I p re v i ous l y  i ns tructed atto rneys f o r  the Commonwea l th to i ntroduce stress as a l eg i t i mate  
factor for you to  c o n s i der in  other  dec i s i ons  growi ng out  of  th i s  i nc i dent .  

I am  adv i sed and  I b e l i eve , however , that  the quest i on o f  stre s s , as re l ated to  the vent i ng p l a n ,  i s  
di rect l y  l i n ked to the quest i on o f  i ts safety ,  and  that the consensus  f i ndi ng that the p l an poses no 
radi a t i o n  threat to p u b l i c  hea l th shou l d ,  in  i ts e l f ,  s ubstanti a l l y  reduce any stress  t hat mi ght have 
accompa n i ed i t .  

UCS a l so  recommends that you cons i der two a l ternat i ve venti ng p l ans de scri bed i n  i ts report , and that 
you recons i der two non-vent i ng p l ans prev i o u s l y  rejected by your staff . I am s u re you w i l l  g i ve 
due cons i de rat i o n  to those recomme ndat i o ns . I do u rge that any new asses sments be comp l eted as promp t l y  
a s  pos s i b l e .  I a m  adv i sed a n d  be l i eve that the sooner t h i s matte r i s  re so l ved , t h e  sooner any s tre s s  
re l ated to i t  wi l l  be  d i s s i pated . 

I recog n i ze that part of the de l ay a l ready expe r i enced has been due to my effort to be a s s ured of the 
safety o f  vent i ng .  I now have that as s u rance , and I fee l that a safe c l eanup p l an s h ou l d  be i mp l e
mented as q u i c k l y  as  poss i b l e .  

Shou l d  you proceed w i t h  the vent i ng propo s a l  adv anced by your staff , b e  a s s u red that I am p repared to 
s upport that dec i s i o n .  To mi n i mi ze stres s , I am prepa red to comm i t  a l l of  the res o u rces  at my d i sposa l 
to a s s u re the res i dents o f  the area , as I am now pers uaded , that th i s  p l a n  i s ,  i ndeed , a safe one . . . .  

I n  h i s  l ette r ,  the Governor noted that the UCS  had recommended consi derati o n  o f  two a l ternat i ve purg i ng p l ans as 

we l l  as c o n s i derat i on o f  the Cryogen i c  Proce s s i ng System and the S e l ecti ve Absorp t i o n  Proce s s  System ( Re f .  3 ) .  I n  

p repari ng t h i s f i nal  E n v i ronme nta l Asses sment , the NRC staff has eva l uated the two a l ternati ve purgi ng  p l ans  

s ugges ted by  the  UCS  and has a l s o  reco n s i dered use  of  the  C ryoge n i c  Proces s i ng Sys tem and  the-Se l ecti ve Abs o rpt i o n  

P rocess  Sys tem . 

The f i rst o f  UCS ' p roposed p l ans  wou l d  use  a tethered ba l l oon to support a 2000- foot- h i g h re i n forced fab ri c s tac k , 

a di scu s s i o n  of whi ch  i s  g i ven  i n  Secti on  6 . 2 . 5 . Th i s tec h n i que i s  u n i que and untri ed , as s tated by UCS . 

I n  genera l , the staff f i nds the UCS  propos a l  tec hn i ca l l y  wor kab l e  and probab l y  capab l e  o f  b e i ng i mp l emented w i thi n 

a year f rom the t i me the dec i s i o n  to use  i t  was made . However , the staff  has exami ned Th ree M i l e  I s l and for 

unobs tructed ground and a i r space to l aunch  a tethe red ba l l on .  Adequate unobs tructed l and recommended for the 

bal l o n l aunch  i s  not read i l y  avai l ab l e  o n  the i s l and wi thout s ubstanti a l  mod i f i cati on to the s i te .  

The second p ropos a l  o f  UCS was that the reactor b u i l d i ng atmosphere b e  heated i n  a n  i nc i ne rato r and d i s c ha rged 

through a 250- foot- h i gh  s tac k .  The staff eval uated th i s  p ropo s a l  in Sect i on 6 . 2 . 5 .  Recons i derat i o n  o f  the 

C ryoge n i c  Proce s s i ng and S e l ecti ve Absorpt i o n P r e c e s s  Sys tems a re conta i ned i n  Secti ons  6 . 6 a n d  6 . 7 ,  respect i ve l y .  

Hav i ng eval uated these p ropos a l s ,  the staff cont i nues t o  b e l i eve  that the Kr-85 sho u l d b e  p u rged t o  the e n v i ronme n t  

through t h e  hydrogen control  system . 

F i na l l y ,  the staff and the Commonwe a l th o f  Pennsy l van i a  wou l d  have to ascerta i n  the psycho l og i ca l  i mpact o n  the 

nearby res i dents regardi ng the Kr-85 purg i ng tec h n i ques proposed by the UCS .  Thi s d i ff i c u l t  tas k was recogni zed 

by UCS as a val i d  concern in i ts repo rt to the Governo r .  

A s  enc l o s ures to a s ubsequent l etter , t h e  Governor of Pennsyl van i a  p rov i ded cop i e s  of  the var i ous  reports and 

asses sments he had re ferred to i n  h i s  p rev i o us l etters and stated that the j o i nt press  re l ease  wh i c h  he had deve l 

oped wi th the UCS conta i ned a c l ar i f i cat i o n  regard i ng  the f i rst recomme ndat i on o n  page 5 7  o f  the UCS  report .  The 

s ubject UCS recommendati on stated : 
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UCS  recommends agai n s t  a ny procedure that  wou l d  res u l t in  c i t i zens in  the area  around  TMI  b e i ng 
de l i berate l y  exposed to rad i at i o n  from the p l ant at l eve l s comparab l e  to those expected from the 
Met Ed/NRC venti n g  proposa l . 

D r .  Henry W. Kendal l ,  UCS chai rman , s a i d the o rgan i zat i on u l t i mate l y  dec i ded to recommen d  aga i nst  i mp l ementat i o n  

o f  the exi s t i ng Met Ed/NRC venti ng p l an ,  b u t  h e  emphas i zed  that th i s was p r i mari l y  because o f  the stress prob l em .  

The e nc l osed report o f  The Governor ' s Comm i s s i on on  Three M i l e  I s l and s tate d :  

I n  l i ght o f  our rev i ew o f  the a l ternat i ve r i s ks ,  th i s  Comm i s s i on u rges the NRC to make a prompt 
dec i s i on concern i ng the proposed venti ng o f  the U n i t 2 contai nment b u i l d i ng atmosphe re .  Avoi dance 
o f  th i s  dec i s i on  by the NRC i s  unacceptab l e .  Th i s  Commi s s i o n  wou l d not oppose  an  NRC dec i s i o n  t o  
v e n t  t h e  krypton  gas , prov i ded  that dose l evel s proj ected i n the envi ronmental  i mpact asses sment 
are acce tab l e .  T h i s o s i t i o n  i s  based o n  a carefu l  rev i ew o f  the best ev i dence avai l ab l e at th i s  
t i m e .  emphas i s  i n  o r i g i na l  

An enc l osed  memorandum to the Governor  from  the Pennsy l van i a  Department o f  E n v i ronmental Resources stated that 

they had concl uded that contro l l ed purg i ng u s i ng the hydrogen con�ro l sys tem , as  recomme nded by the NRC staff , was 

the preferred a l ternati ve for remov i ng the krypton from the reactor b u i l d i ng atmosphere . 

An enc l osed  l etter to the Governor from the Pennsyl van i a  Department of Hea l th recommended that i n  an effort to 

m i n i m i ze stres s ,  both present and accumu l at i ve , purg i ng of  the krypton from the reactor b u i l d i ng be accomp l i shed 

as soon  as poss i b l e  and i n  as brief  a t i me per i od as poss i b l e .  

A n  enc l osed l etter t o  the Governor from the Pennsyl van i a  Department o f  Publ i c  We l fare stated that maki ng  a dec i 

s i on o n  purg i ng and proceed i ng i n  a respons i b l e  fas h i on co u l d i n  the l ong  run m i n i mi ze stre s s  and reduce the 

potenti a l  for anxi ety and depre s s i o n  among  the popu l ati on  that l i ves near TMI . 

9 . 2 . 6 State of Mary l and .  

The State o f  Maryl and responded wi th two sets o f  comme nts . The i r f i rst response addre s s ed the staff ' s recomme nda

�i on i n  the bas i c  Envi ronmental Asses sment ( N U REG-0662 ) ,  wh i l e  the i r  second response  addressed  Addenda 1 and 2 of 

NUREG- 0662 . I n  the i r  f i rst response  (March 3 1 ,  1980 ) , the State o f  Mary l and agreed wi th the NRC staff recomme nda

ti on  that purg i ng the reacto r b u i l d i ng atmo sphere to the envi ronme nt i s  the best avai l ab l e  opti o n .  They d i d ,  

howeve r ,  recommend that rea l - t i me e n v i ronmental  and meteoro l og i cal  mon i to r i ng b e  used for dose- rate mon i to r i ng  and  

reduct i on d u r i ng purg i ng operat i ons  to e n s u re that  the  o f f s i te doses are  esti mated accurate l y  and m i n i m i ze d .  They 

a l so  stated th i s  was the prope r t i me to make a dec i s i o n regard i ng the decontam i nati on  of the reactor b u i l d i ng 

atmosphere and that th i s  acti on  s h o u l d be c o n s i dered apart from the Programat i c  E n v i ronme ntal  I mpact Stateme nt 

bei ng prepared by NRC on a l l TMI - 2  decontam i nat i o n  acti v i t i e s .  They note that no bene f i t wou l d  b e  served by a 

de l ay and that , i nstead , del ay i ng the dec i s i o n wou l d  re s u l t i n  " a s ubstant i a l  l os s . " I n  the i r  second re sponse 

(Apri l 22 , 1980 ) , they stated that the fast purge desc r i bed i n  Adde ndum 2 of  NUREG- 0662 (a  f i ve- day purge over a 

two-we e k  pe r i od )  does not offer any net psycho l og i ca l  advantage and that th i s  opt i o n  s h o u l d be rejected i n  favor 

of  a purge program wh i c h  wou l d use  rea l - t i me meteoro l o g i cal  data to mi n i m i ze the h i ghest offs i te dos e .  

9 . 2 . 7 Member of  the Pennsy l van i a  House  o f  Repre sentati ves . 

One member o f  the Pennsyl v an i a  House  o f  Rep resentat i ves s ubmi tted as a comment a l etter he had sent to a l l e l ected 

offi c i a l s i n  h i s  l eg i s l ati ve d i stri ct reques ti ng that they j o i n h i m  i n  h i s ca l l to come together and furn i s h  the 

l eaders h i p  nece ss ary to accomp l i s h a safe and exped i t i ous  c l eanup at TMI .  He a l s o  s ubmi tted several  respo nses  he 

had rece i ved i n  support o f  h i s  ca l l .  Another member s ubmi tted a l etter i n  wh i c h he stated :  " Vent i t ! " 
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9 . 2 . 8  Comm i s s i oners of  C umbe r l and County ,  Pennsy l va n i a .  

The Commi s s i oners o f  C umbe r l and County , Pennsy l van i a ,  s ubmi tted a reso l ut i on s upport i ng  the recomme nded p u rg i ng 

a l ternat i ve .  The i r  re s o l ut i on stated that it  i s  in  the pub l i c  i nterest to provi de for the hea l th and we l fare of 

the peop l e  o f  Cumbe r l a n d  County by c l ea n i ng up TMI as  soon  as pos s i b l e  and that " the Governme nt" s h ou l d exert the 

nece s s a ry l eaders h i p  to  accomp l i s h  th i s act i o n .  

9 . 2 . 9 M i ddl etown Borough  C o u n c i l ,  M i ddl etown , Pennsy l van i a .  

The Mi dd l etown Borough C o u nc i l passed a re s o l ut i o n  i n  s upport of  purg i ng the krypton-85 gas i nto the atmosphere . 

Th i s  reso l ut i o n  s tated : " th i s  counc i l s upports the vent i ng ( o f  krypton-85 gas i n  the atmosphere ) as recommended 

by the NRC staff and c a l l s  for i mp l ementat i o n  as  q u i c k l y  as pos s i b l e . " 

9 . 2 . 10 Borough o f  Roya l to n , Pennsy l van i a .  

The Borough o f  Royal ton , Pennsy l va n i a  s ubmi tted a res o l ut i o n  s uppo rt i ng the recomme nded p u rg i ng a l ternat i ve and 

the c l ean i ng up o f  TMI as  soon  as  poss i b l e .  Th i s  res o l ut i o n  s tated that the i r  s upport was based on  determ i nat i o n s  

by the N R C  a n d  E P A  sta f f s  that i t  i s  safe a n d  proper t o  purge the Kr-85 . 

9 . 2 . 11 Nat i onal  Counc i l on Rad i ati on  P rotec t i o n  and Mea s u reme nts ( NC RP ) . 

The NCRP , i n  addi t i on to the UCS , was spec i f i ca l l y  requested by the Governor  o f  Pennsy l van i a  to rev i ew the proposed 

purgi ng  operat i o n .  T h e  NCRP s ubmi tted a response i n  wh i c h  they stated : 

At the request o f  Governor  Thornburgh of Pennsy l van i a ,  the Nat i o n a l  C o u nc i l  on Rad i at i o n  Protect i o n  and 
Mea s ureme nts ( NC R P )  has exam i ned s c i enti f i c  mate r i a l  re l at i ng to the hea l th e ffects o f  krypto n-85 , updated 
i ts Report No . 44 on krypton-85 pub l i s hed i n  1975 , and e s t i mated the doses  to the p u b l i c  and the r i s ks 
assoc i ated wi th them for the amounts o f  krypton-85 expected to be re l eased as a re s u l t o f  the proposed 
venti ng at the T h ree  M i l e  I s l and n u c l ear powe r p l ant .  The fi ndi ngs are that the max i mum doses l i ke l y  to 
be rece i ved by a ny pers o n  are very sma l l .  

Superfi c i a l  beta rad i at i o n  to the s ki n  i s  the p r i mary potent i a l  heal th  concern ; however , i n  the tota l 
popu l at i o n  wi th i n 50 mi l es no cases of s k i n cancer wou l d  be expected from the doses  l i ke l y  to be rece i ved . 
The r i s k  to the max i ma l l y  exposed i nd i v i dual  member of the popu l at i o n  at the p l ant b o u ndary i s  esti mated 
to be equ i v a l ent to the r i s k  of s k i n cancer res u l t i ng from expo s u re to a few hours  o f  s u n l i ght , wh i c h i s  
known to be the p r i nc i pa l  cause o f  s k i n cancer i n  the general  popu l at i o n .  

The dose expected from the penetrat i ng rad i at i o n  i s  about 1 0 0  t i mes . l e s s  than that from the s uperf i c i a l  
rad i at i o n  and the r i s k  o f  i nduc i ng cancer i s  correspond i ng l y  sma l l e r .  

The NCRP conc l udes that t h e  exposures l i ke l y  t o  be rece i ved as  a res u l t  o f  vent i ng  are not a v a l i d  bas i s  
for concern  wi th re spect to hea l th e ffects . 

9 . 2 . 12 Natural Resources Defe n s e  Counc i l ( NRDC ) .  

The N RDC prov i ded a response by phone i n  wh i c h  they s uppo rted the recomme nded p u rgi ng ope rat i on by s tati ng :  

Provi ded that the amo unt o f  rad i oact i ve materi a l s  t o  b e  vented are what they a re reported t o  be  ( fo r  
examp l e  i n  NUREG-0662 ) ,  a n d  prov i ded that t h e  vent i ng  p rocedures are approp r i ate l y  conducted , then the 
pub l i c  hea l th r i s ks ( s omat i c  and genet i c  consequences ) a s s o c i ated wi th  vent i ng the TMI - 2  contai nment are 
not s i g n i f i cant , that i s ,  s u ffi c i ent  to wa rrant excl us i on o f  t h i s opti o n .  

9 . 2 . 13 Other Comments Suppo rt i ng Contro l l ed P u rg i ng .  

I n  add i t i on t o  the comments from these government agenc i es , offi c i a l s ,  and s c i e n t i f i c  o rgan i zati o n s , comments 

supporti ng the recommended p u rg i ng a l ternati ve were a l s o  rece i ved from approx i mate l y  30 nongovernmenta l  orga n i za

t i o n s .  These i nc l uded the Pennsy l van i a  Chamber o f  Commerce , Leban o n  Val l ey C hamber o f  Commerce , Greater 
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Harri sburg Area Chamber of Comme rce , York  Area Chamber o f  Commerce , Hanover Area C h amber of  C ommerce , Lancaster 

Assoc i at i o n  o f  Commerce & I ndustry ,  Manu facture rs ' Assoc i at i o n  o f  York , Pennsy l vani a ,  Greater and Central  

Pennsyl van i a  Bui l di ng and Construct i o n  Trades Counci l ,  Harr i sburg-Hers hey Area Tour i st Promoti on Agency , 

Harri sburg Hosp i ta l , Ame r i can  Assoc i ati on  of Meat Processors , and vari ous  b u s i nesses  i n  the TMI area , and 

approx i mate l y  150 p r i vate i nd i v i dual s and members of  the profes s i onal  commun i ty .  Those commenti ng typ i cal l y  

recomme nded that contro l l ed purg i ng b e  performed soon t o  perm i t  conti nuati on  of  the req u i red c l eanup act i v i t i e s .  

9 . 2 . 14 Sci ence Appl i cati o n s , I n c .  ( SAl ) .  

At the request o f  the Commi s s i o n , the N RC Offi ce of Po l i cy Eval uat i o n  ( a  Commi s s i o n  staff o f f i ce ) , co ntracted w i t h  

S A l  t o  perfo rm an  i ndependent tec h n i cal  eval uat i on  of  t h e  p u rg i ng a l ternati ve a n d  Se l ecti ve Ab sorpt i o n  Proce s s  

( Re f .  43 ) .  SAl ' s  conc l us i o n s  and recommendati o n s  were : 

From the po i nts of v i ew o f  feas i b i l i ty ,  e ffecti veness p racti cal i ty and the hea l th and s afety there i s  
l i ttl e to choose between  the two a l ternati ves . 

From the p o i nt o f  v i ew of psycho l ogi cal  s tre ss  on nearby pop u l ati ons , p u rgi ng i s  the best  al ternati ve  
because it  can be carri ed  out  in  the  l east ti me w i t h  the fewest newswo rthy i nc i dents . 

From the p o i nts of v i ew of schedu l e and cos t ,  contro l l ed p u rg i ng i s  the best a l ternat i v e  because  i t  i s  
cheaper and can be s tarted w i t h i n days . 

Therefore i t  i s  our  opi n i o n  that the SAP shou l d not be adopted as a substi tute for control l ed p u rg i n g .  

9 . 3 Comme nts Oppo s i ng the Recomme nded Purgi ng Al ternat i ve 

App roxi mate l y  500 responses oppo s i ng the purg i ng a l ternat i ve recomme nded by the NRC staff were rece i ve d .  I n c l uded 

i n  these comme nts was a re so l ut i o n  by the County Commi s s i oners  o f  Dauph i n  County , Pennsyl vani a ,  oppos i ng the 

re l ease of  the krypton-85 . The reas ons stated for the i r oppo s i t i o n we re 

( a )  the hea l th of  humans , an i mal s and p l ants nearby can not be fu l l y  guaranteed , ( b )  the fu l l heal th 
i mp l i cati o n s  of  l ow l ev e l  radi ati on  expos ure are not known , (c)  heal th stud i e s  o n  human thyro i ds and 
vari ous  a i l ments affl i cti ng ani mal  l i fe have not been comp l eted to determi ne what effect , i f  any , 
prev i ous l y  rel eased l ow l evel  radi at i on has a l ready had on humans and a n i mal s i n  the TM I area , ( d )  other 
opti ons  rema i n for  the removal  of  the krypton-85 wh i c h have not been assessed  i ndependently  by experts 
outs i de the NRC o r  Metrop o l i tan  Edi son Company , ( e )  experi ence of  the l ast  thi rty years from rad i at i on 
exposure to i ndi genous popul ati ons near n u c l ear s i tes i nd i cates c l ear heal th r i s k  and re s u l tant i ncreased 
heal th pro b l ems from varyi ng exposure l eve l s to radi oacti ve parti c l e s ,  ( f )  rad i at i o n  and exposure measure
ment standards current l y  be i ng used by the NRC and Metropo l i tan Edi son  Company are based on  expe r i ments 
and standards d i scredi ted by rece ntly comp l eted He i de l b u rg Stud i es and s e r i o u s  questi ons  as to the i r  
accu racy and val i d i ty therefore exi sts i n  the s c i enti f i c  commun i ty .  

T h e  l ower Swatara Board o f  Commi s s i oners , Daup h i n County , Pen nsyl vani a ,  passed a reso l ut i o n  i n i t i a l ly  stati ng 

oppos i t i o n to the purg i ng i nto the atmo sphere but further s tati ng that they wo u l d  accept the fi nal  recomme ndati o n  

of  t h e  U n i o n  o f  Concerned S c i e nt i sts . 

The Newbury Town s h i p  Board of Superv i sors , York County ,  Pen nsyl van i a ,  al so  s ubmi tted a re so l ut i on wh i c h opposed 

the re l ease of  krypton-85 i nto the atmosphere ; howeve r ,  no spec i f i c  reasons  for the i r oppos i ti o n  were provided .  

The  Mayor o f  Lebanon , Pennsyl vani a ,  s ubmi tted a stateme nt oppo s i ng  the purg i ng a l ternati ve and  urgi ng that a l ter

nati ve c l eanup methods , wh i c h  wou l d  not re l ease rad i oact i ve mate r i a l  i nto the atmosp here , be emp l oyed wi thout 

de l ay .  

A membe r o f  the H o u s e  of  Represe ntati ves o f  t h e  Commonwea l th of Pennsy l van i a  s ubmi tted a re sponse i n  whi c h  h e  

requested that t h e  recomme nded purg i ng operat i o n  be del ayed a t  l east unti l an i ndependent asses sment c o u l d b e  
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performe d .  T h e  U n i o n  o f  Conce rned S c i enti sts  wa s suggested as a poss i b l e  organ i zat i on t o  perform s u c h  an  

assessment .  

The TMI Lega l F u n d  s ubm i tted a re sponse � wh i ch they stated the i r oppos i t i o n to the recomme nded purg i ng  

operat i o n .  They s umma r i zed the i r oppos i ti on i nto the fol l owi ng th ree concerns : 

1 .  There i s  n o  emergency a t  hand .  Data may b e  c o l l ected and contai nment fac i l i ty equi pme nt may b e  i nspected and  

ma i ntai ned wi thout removal  o f  the  krypton-85 gas . There i s  adequate t i me to i mp l ement an  a l ternat i ve system 

for krypto n-85 remova l from the conta i nment b u i l d i ng atmosphere . 

2 .  Vent i ng o f  krypto n - 85 gas i nto the a i r wh i c h s u rrounds TMI - 2  carr i es de f i n i te genet i c  a n d  carc i nogen i c  r i s ks 

to the peop l e of nearby commun i t i es .  For  a pop u l ati on  wh i ch has a l ready endured severe psycho l og i c a l  stre s s , 

the proposed vent i ng wi l l  o n l y  exacerbate th i s  state of stre s s . 

3 .  The p roposed venti ng cannot b e  contro l l ed due to meteoro l og i c  uncertai nty .  The mon i to r i ng a s  des c r i bed by 

the NRC i s  i ncapab l e  of prov i d i ng suff i c i ent i nformat i o n  for the protect i o n  of peop l e  i n  commun i t i es 

surround i ng TMI - 2 .  

They a l so u rged that data c o l l ecti on  b e  i n i t i ated , that the conta i nment b u i l d i ng equi pment be  i nspected and 

mai ntenance begun at TMI - 2 , but that the krypton-85 gas be retai ned unti l an a l ternat i ve sys tem has been i n stal l ed 

for i ts safe and e f f i c i ent remova l .  

The TMI Lega l F u nd response a l so stated that ( 1 )  the draft E n v i ronment Assessment d i d  not adequate l y  eva l uate the 

potent i a l  hea l th e f fects of the purg i ng  operat i o n , (2)  an i ndependent assessment o f  the p u rg i ng operat i o n  sho u l d  

b e  obta i ned , ( 3 )  the segmentat i o n  o f  the reactor b u i l d i ng atmo sphere decontam i nat i on  e ffort from the Programmat i c  

E n v i ronmental  Impact Statement was a n  i l l ega l acti o n , ( 4 )  the mon i to r i ng program and c r i ter i a  were i n s u f f i c i ent ,  

and ( 5 )  the krypton be i ng approx i mate l y  f i ve t i mes  denser than a i r wi l l  there fore sett l e  i nto ]ow- l y i ng areas s u c h  

as v a l l eys a n d  basements i n  t h e  absence o f  adequate convect i o n .  

I n  add i t i on to t h e  above- noted comme nts , addi t i ona l  comme nts oppo s i ng t h e  recomme nded purg i ng a l ternati ve were 

rece i ved from approx i mate l y 10 nongov ernment o rgan i zat i ons ( i nc l ud i ng the Off i ce of  the Provos t ,  Cap i ta l  Campus , 

the Pennsy l van i a  State U n i vers i ty ;  the Nat i ona l  Audubon Soc i ety ; Taxpayers A s s oc i at i o n  of Lac kawanna County ; 

Heathcote Val l ey A l l i ance ; A i r and Water Po l l ut i o n Patro l ; Leh i gh- Pocono Comm i ttee of Concern ; and va ri ous  

bus i nesses  i n  the  TMI  area) ; and from  approx i mate l y  485  p r i vate i nd i v i dual s .  The i r reasons  for oppos i ng the  

recommended purg i ng operati on i nc l uded the  fo l l owi n g :  ( 1 ) that t h e  p u b l i c  be exposed t o  no add i t i ona l  rad i oact i ve 

e f f l uents from TMI , ( 2 )  that one or mo re of the other a l ternat i ves for decontam i nat i o n  eval uated i n  the draft 

E n v i ronmental  Assessment be  used to e l i m i nate or  m i n i m i ze the re l ease of  Kr-85 to the env i ronment , ( 3 )  that there 

i s  no perce i ved o r  recogn i zed need for the decontam i nat i on ( several  persons s uggested that the fac i l i ty be 

e ntombed i n  i ts present condi ti on ) , (4)  that any purg i ng  operat i on be  de l ayed at l east unti l students are re l eased  

from the  schoo l s for s umme r vacat i o n , ( 5 )  that any p u rg i ng ope rat i o n sho u l d be  accompan i ed by  a more  extens i ve 

mon i tor i ng p rogram , and ( 6 )  that an i ndependent a s s e s sment o f  the recomme nded p u rg i ng ope rat i on be  f i rst perfo rmed 

by a c i t i zen- domi nated group . 

9 . 4 NRC Staff Responses to Comments Oppos i ng the Recommended Purg i ng A l ternat i ve 

A deta i l ed d i scuss i on of the hea l th ef fects a s s o c i ated wi th the var i o us  a l ternat i ves for decontam i nat i ng the 

reactor b u i l d i ng atmosphere has been i ncorporated i nto Sect i o n  7 . 0 o f  th i s  documen t .  The NRC s taff  has determ i ned 

that the potent i a l  for adverse rad i o l og i ca l  hea l th e ffects to  the pub l i c  due to  ut i l i zat i on o f  a ny o f  the 

decontam i nat i on a l ternat i ves i s  negl i g i b l e  and that the pub l i c  heal th and safety wi l l  not be adverse l y  affected by , 
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Therefore , s i nce  the recommended purgi ng operat i on can be  accomp l i shed  wi thout s i gn i f i cant 

safety o f  the  p u b l i c ,  and s i nce the purg i ng operati o n  can  be i mp l emented i mmedi ate l y  as  

5 . 0 ,  the NRC staff recommends that use  o f  the purgi ng a l ternat i ve be  autho ri zed soon , 

rathe r than wai ti ng for i ns tal l at i o n  o f  one o f  the other decontami nati on  methods . 

At the request o f  Governor Thornburgh o f  Pennsy l van i a ,  the publ i c  comment per i od for NUREG-0662 and i ts two 

Addenda was extended to May 16 , 1980 . The reas o n  for the Governor ' s  request was to permi t s u f f i c i ent t i me for 

comp l et i on o f  an i ndepe ndent asses sment of  the decontami nati o n  operati on  by the U n i o n  o f  Conce rned S c i enti sts  

( UCS ) .  The Governor  spec i f i ca l l y  requested the UCS to perform s uch an  asses sment s o  that he  cou l d  rece i ve 

i nformat i o n  from the b roades t  range o f  knowl edgab l e  s o u rces avai l ab l e .  I n  the i r rep o rt t o  the Governo r , the UCS 

s tated : 

UCS conc l uded that d i rect rad i ati on- i nduced hea l th effects from expos u re to Kr-85 even  f rom the Met 
Ed/NRC p roposed vent i n g  wou l d be  ab sent .  These conc l u s i ons  are s i mi l ar to those  reached by the NRC and 
Met Ed .  

In  Addendum 2 to NUREG- 0662 , the NRC staff  eval uated and recommended a vari ati o n  in  the p u rg i ng a l ternati ve wh i ch 

wou l d  perm i t  the purge to be comp l eted i n  an e l apsed purgi ng t i me o f  approxi mate l y  120 hours over a two-week  

peri od , provi ded i t  was  performed before about  mi d- May to take  advantage o f  expected favorab l e  meteoro l ogy . 

However , because o f  the del ays to perm i t  comme nts o n  decontami nati on  a l ternati ves , the NRC staff no l onger 

recommends thi s vari ati on  i n  the purgi ng a l ternat i v e .  The extended comme nt per i od  has a l s o  del ayed the purgi ng 

operat i o n  unti l at l east  the begi n n i ng  o f  the school  s ummer  vacati o n  peri od , a de l ay requested by several  com

me ntators . However , for the reasons  descri bed i n  Sect i o n  5 . 0 ,  the NRC s taff now recommends that the purg i ng 

a l ternati ve eval uated in  Sect i o n  6 . 2 be accomp l i shed wi thout further del ay .  

A l though severa l commentators d i d  n o t  recogn i ze or  ac knowl edge t h e  need f o r  decontam i nati ng  t h e  reactor b u i l di ng ,  

the N RC staff b e l i eves that i t  i s  i mperat i ve that thi s acti o n  be take n .  T h e  staff ' s  reasons  f o r  be l i ev i ng that 

thi s acti o n  must be taken are d i s c u s sed i n  deta i l i n  Sect i o n  5 . 0 .  Thi s staff pos i t i on was a l so  s uppo rted by the 

UCS i n  thei r repo rt to the Governor o f  Pennsy l va n i a :  

The U n i o n  o f  Concerned Sci enti sts ( U C S )  Study Grgup b e l i eves that u l t i mate decontami nat i on  o f  the p l ant 
is an abs o l ute neces s i ty .  Decontami nati on  m u s t  i nc l ude comp l ete removal  o f  the damaged fuel  r o d s  a n d  of  
the contam i nated water in  the contai nment s ump and e l sewhere . The p l ant cannot  be sea l ed and wal ked 
away from . Thi s wou l d consti tute a negl i gent di sposa l means for a very l arge quanti ty of radi oacti v i ty .  
I mpo rtant quant i t i e s  o f  these tox i c mate ri a l s wou l d  u l ti mate l y  f i nd the i r  way i nto t h e  envi ronment 
duri ng the tens or  hundreds of  thousands o f  years that s ome o f  them wi l l  remai n hazardo u s . 

Accordi ng l y ,  UCS has conc l uded that the krypton must  be removed from the TMI  reactor b u i l d i ng so that an 
orde r l y  program of  decontami nat i o n  can be u ndertake n .  T h e  prob l em i s  how to do th i s  i n  a manner wh i ch 
p rotects the safety of the workers who may be exposed to the krypton and a l s o  s afeguards the p hys i ca l  
and mental hea l th o f  members o f  the  pub l i c  who  may a l so be expo sed .  

The UCS d i d  however conc l ude that  in  the i r op 1 n 1 o n a de l ay in  removal  of  the krypton o f  up to a year  and  a hal f 

wo u l d  not pose an undue ri s k  to the hea l th and safety of the pub l i c .  Such a de l ay wo u l d o f  course postpone any 

s ubstant i ve progre s s  i n  the overa l l c l eanup p rogram and as stated i n  Sect i o n  5 . 0 ,  the NRC  staff b e l i eves that the 

c l eanup program s h ou l d  progre s s  i n  a t i me l y  manne r .  

T h e  radi o l og i c a l  mon i tor i ng programs f o r  t h e  T M I  s i te a n d  s u rround i ng area cons i st o f  several  p rograms desc r i bed 

i n  Sect i o n  8 . 0 .  In  the op i n i o n  of  the NRC sta f f , these  programs wi th EPA hav i ng the l ead for federal  agenc i e s , as 

de s i gnated by the Execut i ve O f f i c e  o f  the Pres i dent)  wi l l  prov i de an  adequate mo n i tori ng of the recommended purge 

operati o n .  T h e  on-goi ng moni tori ng  p rograms wi l l  be  s up p l eme nted b y  t h e  D O E  p rogram d e s c r i bed i n  Sect i on 8 . 0 i f  

the purg i ng a l ternat i ve i s  approv e d .  A cadre o f  about 50 l oc a l  re s i dents have b e e n  tra i ned to part i c i pate i n  the 

DOE mon i to r i ng p rogram . EPA wi l l  s up p l ement i ts ex i s t i ng f i xed  mo n i to r i ng stat i o n s  w i t h  mob i l e  u n i ts  p o s i t i oned 

i n  areas o f  expected max i m um do s e .  Reports of  meas ureme nts w i l l  be made da i l y by EPA to the pub l i c  and med i a .  
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Contro l of the purg i n g  operat i o n  wi l l  be accomp l i s hed through freque nt ( at l east  h o u r l y )  mo n i tori ng of the 

exi sti ng meteoro l og i c a l  cond i ti o n s  and reacto r b u i l di ng eff l uent f l ow rate . The DOE meteoro l og i ca l  forecas t i ng 

and moni tori ng capabi l i t i es wi l l  uti l i ze th i s i nformati o n  i n  conj unct i o n  wi th radi o l o g i c a l  mon i to r i ng  p rogram 

res u l ts and wi l l  be communi cated to the control  room to ass ure that the c umu l ati ve doses  to the p ub l i c  i n  a ny 

sector wi l l  not exceed those  i n  Secti o n  7 . 0 of th i s  asses sment .  

The NRC staff  d i sagree s w i th a l l egati ons  that  separat i ng the reactor b u i l d i ng atmo sphere decontami nat i o n  e f fort 

from the Programmat i c  E n v i ronmenta l I mpact Statement was i l l egal . T h i s is  s uppo rted by C EQ ' s comments , noted i n  

Secti o n  9 . 2 . 1 .  The b a s i s  for the staff pos i t i o n  i s  the Commi s s i on ' s  Novembe r 2 1 , 1979 Stateme nt o f  P o l i cy and 

Not i ce o f  I ntent to P r e pare a P rogrammat i c  E n v i ronmenta l  I mpact Stateme nt , wh i c h  c l e a r l y  reserved the opti o n  to 

authori ze  s uc h  an act i o n  whe n it stated : 

The deve l opment o f  a programmat i c  i mpact statement wi l l  not p re c l ude p rompt Comm i s s i o n acti o n  when 
needed . The Comm i s s i on does recogn i ze , howeve r ,  that as wi th i ts Ep i co r- I I  app roval  acti o n , any act i o n  
taken i n  the abs e n c e  o f  a n  overa l l i mpact s tateme nt wi l l  l ead t o  arguments that there has b e e n  a n  
i nadequate e n v i r o n mental  a n a l ys i s , even where t h e  Commi s s i o n ' s  act i o n  i tse l f i s  s upported b y  an e n v i ron
menta l asses sment . As i n  sett l i ng upon the scope of  the programmat i c  i mpact s tatement , CEQ can l e nd 
as s i stance here . For  examp l e  s ho u l d  the Comm i s s i on before comp l eti ng i ts programmati c  stateme nt dec i de 
that i t  i s  i n  the  best  i nterest of the publ i c  hea l th and safety to decontam i nate the h i gh l ev e l  waste 
wate r now in the c o nta i nme nt b u i l d i ng ,  o r  to p u rge that b u i l d i ng of i ts rad i oacti v e  gases , the Commi s s i o n 
wi l l  cons i de r  C EQ ' s adv i ce as to the Commi s s i on ' s  NEPA respon s i b i l i t i es . Moreove r ,  as s tated i n  the 
Commi s s i on ' s  May 2 5  statement , a ny act i o n  of  thi s k i nd wi l l  not be ta ken unti l it has undergone an  
envi ronmental rev i ew , and furthermore wi th opportun i ty for pub l i c  comme nt prov i de d .  

A l though krypton g a s  i s  approx i mate l y  f i ve, ti mes d e n s e r  t h a n  ai r ,  i t  wi l l  not sett l e i nto l ow- l y i ng  areas o r  

basements a s  sugges ted  b y  several  commentato rs . T h e  phys i c a l  properti es  o f  gases  ( a s  exp ressed  i n  t h e  p hys i ca l  

l aws that desc r i be  t h e  d i spers i o n  of  gase s )  prevent the settl ement  o f  l ow co ncentrat i o n s  o f  de nser  gase s  i nto 

l ow- l y i n g  areas . The  krypton concentrat i o n  i n  the reactor b u i l di ng atmosphere i s  at approxi mate l y  the same 

concentrat i o n  as natura l l y occurri ng  krypt0n in the earth ' s  atmosphere . The natura l l y  occurri ng krypton i s  

u n i fo rm l y  d i stri b uted throughout the earth ' s  atmosphere as i s  the krypton i n  the reactor b u i l d i ng ' s  atmo sp here ; i n  

n e i ther case has the krypton sett l ed i nto l ow- l y i ng areas . 

9 . 5 Other Comments o n  the Recommended Purg i ng A l ternat i ve 

9 . 5 . 1 I ntroducti o n  

T h e  N R C  staff rece i ved approx i mate l y  1 0 5  res ponses  provi d i ng e i ther  spec i f i c  comme nts on  t h e  f i ve a l ternati ve 

methods eval uated i n  NUREG-0662 for decontam i nat i ng the reactor b u i l d i ng atmosphere o r  s ugge s t i o n s  for addi t i o n a l  

methods f o r  accomp l i s h i ng t h e  req u i red decontam i nati o n .  

9 . 5 . 2 Member o f  Congre s s  

A Membe r  o f  Congre s s  from Pennsy l van i a  s ubmi tted a comment oppos i ng the p u rg i ng  operat i on  a n d  recomme nd i ng  that 

the S e l ecti ve Absorpt i on Pro�e s s  be  used.  Thi s recommendat i o n  was based upon the C o ngres sman ' s  b e l i ef that the 

S e l ecti ve Absorpti on  Proce s s  c ou l d be  p l aced i nto ope rat i on i n  s i x  months and that except for the purg i ng 

a l ternati ve , i t  wou l d  be the l east expens i ve a l te rnati ve to i mp l eme n t .  The  s i x-month i mp l ementat i on t i me was 

based on a rev i ew performed , at h i s  request , by a member  of the staff  of the U . � House  of Rep resentat i ves  

Commi ttee o n  Sc i e nce and Tec h n o l o gy .  The Congres sman a l so  requested  O a k  R i dge N ati o n a l  Laborato ry ( O R N L )  to 

reassess  thei r t i me esti mate for  whe n a S e l ecti ve Absorpti on  Proce s s  system of adequate capac i ty c o u l d be p l aced 

i nto operat i o n  at TMI . ORNL  s ubsequently  reported that wi th " be s t  e fforts " be i ng exerted by a l l concerned 

parti es , s uch a system cou l d  be  operati onal  at TMI i n  13 months . The  TMI Program Offi ce a l so  requested an  

assessment of  the proposed . schedu l es for fabri cati o n  and i nstal l at i o n  o f  s u c h  a system by the Reactor C o n s truct i o n  
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and Engi neer i ng Support Branch of  the N RC ' s  Offi ce o f  I nspecti o n  and E n fo rcement .  The Reactor Constructi o n  and 

Engi neeri ng  Support Branch conc l uded that the s i x-month s c hedu l e  proposed by the staff o f  the Commi ttee o n  S c i ence 

and Technol ogy was  unreal i sti c and that the 13-month ORNL schedu l e  was  opti mi sti c .  They further conc l uded that 

the i r  m i n i mum s chedu l e  e s t i mate wou l d  be 16 months  wi th the i r  best esti mate bei ng even  l onge r .  

9 . 5 . 3 U . S .  Department o f  the I nter i o r  

T h e  Department of  t h e  I nter i or commented that t h e  draft report d i d n o t  d i s c u s s  what effects , i f  any ,  t h e  p roposed 

rel ease of krypton wou l d have on  f i s h  and wi l d l i fe resources and the i r  habi tats . As noted i n  Sect i o n  7 . 1 ,  the  

recommended purg i ng operat i o n  wi l l  have no s i gn i f i cant e ffect o n  f i s h  or  wi l d l i fe resources  o r  on  the i r  hab i tats . 

9 . 5 . 4  MITRE Corporat i o n  

T h e  M I TRE Corporat i on  submi tted a comment prop o s i ng t o  u s e  a c ryoge n i c ai r separat i o n  p l ant f o r  remov i ng the 

krypton from the reactor b u i l di ng atmosphere . T h i s proposed method wou l d be  s i mi l ar i n  operat i o n  to the C ryoge n i c  

Proces s i ng System desc ri bed a n d  eval uated i n  Secti o n  6 . 6 .  An  eva l uat i o n  of  t h e  proposa l  s ubmi tted by t h e  M I T R E  

Corporat i o n  and t h e  N R C  s t a f f  reasons  for  n o t  recommendi ng i t s use  a r e  i nc l uded i n  that secti o n .  

9 . 5 . 5 I nternati onal  B u s i ness  Mac h i nes Corporati on ( I BM)  

A tec h n i cal  report copyri ghted i n  1979 by I BM was submi tted as  a commen t .  Thi s report , " E ncap s u l ati on  o f  

Radi oacti ve Nob l e G a s  Waste i n  Amo rphous  A l l oy , "  descri bes  a method f o r  l ong- term storage o f  Kr-85 . Use  o f  thi s 

sto rage method req u i res that the Kr-85 fi rst be separated from the reactor b u i l d i ng atmo sphere by u s e  o f  a 

c ryogen i c  d i st i l l at i o n  tower s i mi l ar to the C ryoge n i c Proces s i ng System des c r i bed i n  Sect i o n  6 . 6 .  As noted i n  

that secti on , construct i on and operati o n  o f  such  a system wou l d  requ i re a mi n i mum 2 0  month del ay whi c h  for  the 

reasons  di scussed  in  Secti o n  5 . 0 of  thi s document are c o n s i dered unacceptab l e .  Therefore , no  further act i o n s  have 

been take n  o n  thi s commen t .  

9 . 5 . 6 Pennsy l van i a  State U n i vers i ty 

The Pennsy l van i a  State U n i vers i ty s ubmi tted a comment s uggesti ng the use  o f  an oxygen l i quefacti on  u n i t .  T h i s 

u n i t  wou l d  concentrate more than 99% of the krypton i n  the l i q u i d  oxygen p roduct.  The l i q u i d oxygen wou l d then be  

passed  through a bed of adsorbent mate r i a l  such  as s i l i ca ge l where the  krypton wo u l d be s e l ecti v e l y  adsorbed . 

The separat i o n  o f  the krypton from the oxygen cou l d be done e i ther o ns i te or offs i te .  Such  a n  oxygen l i q u e facti o n  

u n i t  wou l d b e  s i mi l ar t o  the C ryogn i c  P roce ss i ng Sys tem eval uated i n  Secti on 6 . 6 .  Due t o  the t i me req u i red for 

construct i o n  and operat i o n  o f  s uch  a u n i t (a mi n i mum of  20 months ) ,  use  o f  thi s method i s  not recomme nde d .  

9 . 5 . 7 Sc i ence Appl i cati ons , I nc .  ( SA l ) 

A comment i n  the form o f  a propo sal  to remove the krypton from the TMI - 2  reactor b u i l d i ng atmosphere was rece i ved  

from SAl . The  proposed method wou l d  use  a s e l ecti ve adsorpt i on proce s s . I n  the i r  propos a l , SAl esti mated that 

s uc h  a system wou l d  req u i re n i ne months for des i g n ,  construc ti on  and checkout . Due to thi s de l ay i n  system 

avai l ab i l i ty ,  the NRC staff does not recommend further cons i derati on  of th i s p ropos a l . 

9 . 5 . 8 Envi ronmental  P o l i cy Center 

The Envi ronme ntal P o l i cy Center s ubmi tted a comment s uggesti ng that rather than decontami nati ng the reactor 

b u i l d i ng ,  it and the radi oacti ve wastes w i t h i n it shou l d  be e ntombed .  However , s i nce it i s  i mpe rat i ve that the 

damaged fue l be  removed from the reactor to p revent e i ther i ts potent i a l recri t i c a l i ty or  eventual es cape to the 

envi ronment over very l ong ti me peri ods , the e ntombent s uggesti on  i s  not con s i dered a v i ab l e al te rnat i v e .  
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9 . 5 . 9 Env i ronmental  C oa l i t i on o n  Nuc l ear Powe r ( ECNP)  

A comme nt from the ECNP  recommended that  rather than  i mp l ementi ng the  purgi ng a l ternat i ve ,  the krypton be  removed 

from the reactor b u i l d i ng atmosphere by one o f  the other a l ternati ves ( c harcoal  adsorpti on , gas comp res s i o n , 

c ryogen i c  p roces s i ng , o r  s e l ecti ve absorpt i o n )  and then transferred to some unpopu l ated p l ace for r e l ease under 

contro l l ed condi t i o n s .  Because of  the negl i g i b l e adverse radi o l ogi ca l  hea l th e ffects o f  t h e  proposed p u rgi ng 

operati on , and because of the del ays ( 16 months o r  l onger)  associ ated w i t h  the i mp l ementat i on of  any o f  the other 

decontami nati o n  a l ternat i ves whi c h  do not purge , the NRC staff conti nues to recomme nd that the purg i ng a l ternat i ve 

be s e l ected as the method for decontami nati on  o f  the reactor b u i l d i ng atmosphere . 

The ECNP further s tated that i f  the i r  recomme ndati on was not i mp l eme nted , there we re at l east two other 

a l ternat i ves wh i c h  have not been eval uated by the NRC staff : ( 1 )  transfer the gas ( the  TMI - 2  reactor b u i l d i ng 

atmosphere )  to the TMI - 1  reactor b u i l d i ng and s to re i t  there unt i l removal  c o u l d be accomp l i s hed by one  o f  the 

other decontam i nati o n  a l ternati ves , and ( 2 )  purge the TMI - 2  reactor b u i l d i ng atmo sphere to the env i ro nme nt 

rap i d l y ,  as  i n  a " puff  re l ease . " 

The NRC staff has rev i ewed these s uggested a l ternati ves  and c o n s i ders both o f  them unacceptab l e  for the f o l l owi ng 

reasons . As noted i n  Secti on 6 . 2 ,  to reduce the rad i oact i v i ty i n  the TMI - 2  reactor b u i l d i ng atmo sphere to max i mum 

permi ss i b l e  concentrat i on s wou l d requ i re the transfer of about 23 m i l l i on cub i c  feet of a i r .  Th i s transfer wo u l d ,  

i n  turn , pres s uri ze  the TMI - 1  reactor b u i l di ng to 170 p s i g ,  a press ure s i gn i fi cant l y  i n  exce s s  o f  i ts des i gn 

pres s u re o f  60 p s i g .  Therefore , transfer o f  the gas i s  not a v i ab l e  a l ternat i ve .  

I n  prepar i ng Adde ndum 2 t o  NUREG-0662 , the NRC staff eval uated var i ati ons  i n  the purg i ng a l ternati ve  i n  a n  attempt 

to m i n i mi ze the durat i o n  of the recomme nded p u rge operati o n .  I n  thi s eval uati o n , the staff determi ned that i t  

wou l d  not b e  adv i sab l e  t o  purge the reactor b u i l d i ng a s  rap i d l y  a s  phys i ca l l y  po ss i b l e  s i nce such  a p u rge wou l d 

most p robab l y  res u l t i n  beta sk i n doses i n  unrestri cted areas i n  excess  of the des i gn obj ect i ves  o f  10 C F R  

Part 50 , Append i x  I ( Re f .  15 ) .  

9 . 5 . 10 Pennsy l vani a Dutch V i s i tors Bureau ( PDVB ) 

The PDVB s uggested that a l l future news re l eases re l ati ng to re l eases o f  rad i oacti v i ty conta i n an exp l anat i o n  ( i n

l ayperson ' s  term s )  of p hys i o l og i ca l  and e n v i ronmental  i mpacts . The NRC TMI P rogram O f f i ce has i s s ued an easy-to

understand report that answers ques ti ons  most freque nt l y  as ked about the proposed purge o f  krypton from the reacto r 

b u i l d i ng .  T h i s report states i n  l ayman ' s  terms the potenti a l  hea l th i mpacts l i ke l y  t o  occur  when the krypton i s  

re l eased .  Cop i es o f  the report , "Answe rs to Questi ons  about Removi ng Krypton from Three M i l e  I s l and , Unit  2 

Reactor B u i l d i ng " ( NUREG-0673)  are avai l ab l e  free o f  charge by wri ti ng to the D i v i s i on o f  Techn i ca l  I n fo rmat i o n  

a n d  Document Contro l , U . S .  Nuc l ear Reg u l atory Commi s s i o n , Was h i ngto n , D . C .  20556 . I n  add i t i o n , Sect i o n  1 . 0 was 

wri tten to prov i de a fa i r l y  comp l ete di scus s i o n  o f  the enti re f i na l  assessment report for the l aype r s o n .  

Sect i o n  7 . 0  o f  t h e  fi na l  assessment a l so  de scri bes  the heal th effects of  t h e  vari ous a l ternati ves for 

decontam i nati ng the reactor bui l d i ng atmosphere . 

9 . 5 . 11 Hers hey E nterta i nment & Re sort Company ( HERCO ) 

H E RCO requested that the purg i ng operat i on be schedu l ed ( c o n s i stent wi th safety )  e i ther p r i o r  to or j us t  after the 

peak J une - August touri sm seas o n .  For  the reasons  descri bed i n  Sect i o n  5 . 0 ,  the N RC s taff recommends  that the 

purgi ng  operat i o n  be performed soo n .  The i nformat i o n  i n  Secti o n  7 . 0 is prov i ded to a l l evi ate p ub l i c  concerns  

about the hea l th effects o f  the purg i ng operati o n , wh i c h have been determi ned to be  negl i g i b l e .  
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9 . 5 . 12 Oak Ri dge Nati onal  Laboratory (ORNL)  

ORNL s uggested a poss i b l e  mechan i s m  for a l l evi ati ng s ome of  the publ i c  concern regardi ng  the  p roposed p u rg e  

operat i o n .  The i r  s uggest i o n  was to encourage a n d  fund l ocal  rad i at i o n  moni to ri ng efforts f o r  t h e  durat i on  o f  the 

p l anned re l ea s e .  They further s uggested that the Commonweal th o f  Pennsy l vani a s h o u l d be requested to a s s i s t  or 

oversee th i s effort. The DOE mon i tori ng program desc r i bed in Secti on 8 . 0 wi l l  funct i on  e s s e nt i a l l y  as  s ugge sted 

by ORNL .  Approxi mate l y  50 l ocal  res i de nts have been trai ned to part i c i pate i n  moni tori ng the  recommended p u rge 

operat i o n .  

9 . 5 . 13 Counc i l man and D i rector Department o f  Pub l i c  Safety , C i ty of Lebanon , Pennsy l van i a  

The Counc i l man and D i rector Department o f  Publ i c  Safety , C i ty o f  Lebanon , Pennsy l van i a  recommended a de l ay i n  the 

purg i ng operat i o n  and as ked for " a stronger , more concerted effo rt to e s tab l i s h a factua l , respons i b l e ,  pub l i c  

i nformat i on source whi ch may enjoy a greater degree of  pub l i c  confi dence than that now exper i enced by the NRC . 

The Governor ' s  request for parti c i pati on by the Un i on  of Concerned Sc i e nti sts  may be a s tep i n  th i s  d i rect i o n . " 

Such a de l ay was granted and the UCS s ubmi tted thei r report to the Governor o f  Pennsy l van i a  o n  May 15 , 1980 . The 

Governor subsequen t l y  stated that he was prepared to s upport the purg i ng dec i s i on i f  the Commi s s i on p roceeded w i t h  

t h e  purg i ng p roposa l  advanced by t h e  N R C  s t a f f .  He further stated : "To  m i n i mi ze stres s , I a l s o  a m  prepared t o  

commi t a l l of  t h e  re sources a t  my d i spo s a l  t o  a s s u re t h e  re s i dents o f  t h e  area , as  I a m  n o w  pers uaded , that th i s  

p l an i s ,  i ndeed , a safe one . " 

9 . 5 . 14 West  Shore Schoo l D i stri ct  

The West  S ho re Schoo l D i stri ct requested that  approva l  o f  the  purg i ng operat i on be postponed unti l after the  

schoo l s i n  the  TMI  area  have c l osed  for the s umme r .  They further stated t h a t  m o s t  o f  these  schoo l s  wi l l  c l o s e  f o r  

t h e  s umme r duri ng t h e  wee k  o f  J une 9 .  The deci s i on t o  extend the pub l i c  comment peri od  o n  N U R EG-0662 t o  May 16 , 

1980 e ffecti ve l y  g ranted thi s reque s t .  

9 . 5 . 15 Regi ona l P l ann i ng Counc i l  

The Regi onal  P l ann i ng Counc i l for the B a l t i more , Maryl and area commented that wh i l e  i n  prev i ous  statements i t  has 

s uppo rted the pos i t i on that there s hou l d  not be a re l ease o f  radi oacti ve mate r i a l  from the c l eanup process  b efore 

the preparat i o n  of an Envi ronmental  I mpact Statement , i t  does recogni ze the need for t i me l y  act i o n  by the NRC whe n 

i t  f i nds that pub l i c  safety requ i res re l ease of materi a l  before the E I S  i s  comp l eted . They a l so  commented that 

the E n v i ro nmental Assessment fai l s  to menti o n  a dead l i ne for re l ease o f  the gas . They recomme nded that the  p u rge 

ope rat i o n  be de l ayed unti l the U n i o n  o f  C o ncerned Sci enti sts study reques ted by the Governor  of Pennsy l vani a was 

comp l eted . S i nce the UCS study has now been comp l eted , the NRC staff recommends , for the reas ons  s tated i n  

Sect i on 5 . 0 ,  that the purg i ng ope rati on be performed soon and p r i or to comp l et i o n  o f  the P ro grammat i c  E nv i r o n 

menta l I mpact Statement.  

They a l so  requested that Mary l and heal th offi c i a l s be noti f i ed i n  advance of  the purge operat i o n  so  that mo n i to r i ng  

stati ons  can be establ i s hed by Mary l and offi c i a l s .  The  NRC staff i ntends t o  p rov i de a t  l ea s t  a ten-day adv a nce 

not i ce to a l l pe rti nent off i c i a l s ,  to the pres s , and to the pub l i c  for the contro l l ed p u rg i ng  operat i o n .  

9 . 5 . 16 Add i t i onal  Comments from I ndi v i dual s 

I n  add i t i on to the above- noted comments , approx i mate l y  90 add i t i onal  responses  we re rece i ved from i nd i v i du a l s  who 

provi ded speci fi c comments on  the a l ternati ve methods eval uated i n  NUREG-0662 or sugge s t i o n s  for addi t i o n a l methods 

for accomp l i s h i ng the requi red decontam i nat i on .  The add i t i onal  comments or  s uggesti o n s  were broad 
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rangi ng .  They i nc l uded · suggesti ons  ( 1 )  to purge the reac tor b u i l d i ng atmo sphere i nto b a l l oons  and re l e a s e  the 

contents at h i gh e l evati ons , ( 2 )  to evac uate the res i dents i n  the TMI area duri n g  the purgi ng  operati o n , and 

(3)  to modi fy the c harcoal  adsorpt i o n  proce s s  to mi n i m i ze the quanti ty o f  charcoal  requi red . Some p e r s ons  urged 

that N RC staff members  and offi c i a l s be present in  the TMI area duri ng the purg i ng operati ons , expre s s e d  concern  

about  poss i b l e  re l eases  of other  radi oact i ve mate ri a l s ,  questi ons  di fferences in  the  quanti t i e s  of  K r - 8 5  reported 

by the l i censee  ( 44 , 000 curi e s )  and by the NRC staff ( 57 , 000 curi e s )  and wo rri ed  that add i t i ona l  q u a n t i t i es of 

f i s s i o n  products are conti nu i ng to be gene rated . One person recommended that the c l eanup operat i o n  be p e rformed 

by the Nava l Reacto rs B ranch of  DOE .  Seve ral  other persons s uggested that any necessary mai nte nance a n d  repa i r s  

w i th i n  t h e  reacto r b u i l d i ng cou l d be performed b y  wor kers dressed i n  protect i ve c l oth i ng  wi thout p r i o r  removal  o f  

t h e  Kr-85 . 

A number of l ette rs s uggested that the krypton gas be p l aced i n  h i gh- a l t i tude b a l l oons  and  transported f o r  re l e a s e  

h i gh i n  t h e  atmo sphere . A l though h i gh- a l t i tude bal l oons a r e  techn i ca l l y  feas i b l e  as  an  a l ternat i v e  t o  contro l l ed 

purgi ng , the i r  use  cou l d  i ncrease the ri s k  of an uncontro l l ed re l ease that cou l d  re s u l t i n  h i gher radi a t i o n  

expos ures t o  the wo rkers and the pub l i c  than wou l d  occur from the a l ternat i ves d i scus sed i n  thi s rep o r t . 

A l a rge numbe r of ba l l oons  wo u l d  be requ i red and they wou l d  have to be of i mmen s e  vo l ume because kryp t o n - 85 i s  a 

heav i e r-than- a i r  gas wh i ch wo u l d requ i re the add i t i on  of h e l i um gas or fi ft capab i l i ty to the b a l l o o n s  a s  a v o l ume 

rat i o  of app roxi mate l y  30 t i mes  that of  krypto n-85 . Moreove r ,  the probab i l i ty for a b a l l oo n  burst  i s  fa i r l y  h i g h .  

Based on the Nati ona l  Ocea n i c  and Atmosphe r i c  Adm i n i strat i o n  expe ri ence w i t h  h i gh- a l ti tude weather  b a l l o o n s , the  

chance  of no ba l l oo n  burst  i s  i n  the  range between 75 to 85% , but can drop as l ow as 50% duri ng pe r i o d s  o f  g u s ty 

wi nds . Th i s  probab i l i ty ,  coup l ed wi th the l arge number of ba l l oons  that wo u l d  be necessary ( a s s umi n g  k rypton-85  

is  transpo rted as a gas ) ,  wou l d  i nc rease the  overa l l probab i l i ty o f  a premature b a l l oo n  burst .  S o l u t i o n s  wou l d  

then need to be dev i sed for retri eval  and d i sposal  o f  the contami nated ba l l oo n s .  F i na l l y , use  o f  b a l l o o n s  for  

transporti ng  rad i oact i ve gas  may further aggrevate the  psycho l og i ca l  stre s s  o f  s ome res i dents in  the TM I area d u e  

t o  t h e  obv i o us v i s i b i l i ty they wou l d  prov i de .  I n  s ummary , s i nce t h e  rad i o l og i ca l  hea l th e f fects a s s o c i ated  w i t h  

the recomme nded purg i ng  operat i o n  are negl i g i b l e ,  and s i nce the probab l e  di sadvantages outwe i gh the adv antages o f  

u s i ng bal l oons  i n  transporti ng and remote l y  re l eas i ng the Kr-85 gas , use  o f  th i s concept i s  not recomm e nded . 

Recomme ndat i on s  that l ocal  re s i dents be evac uated duri ng a ny purg i ng  operat i o n  were based o n  the a s s ump t i on t h a t  

an evacuat i o n  wou l d  protect re s i dents from any rad i o l og i ca l  hazards associ �ted wi th t h e  re l ease o f  t h e  Kr-85 . 

However , as d i scus sed i n  Secti on  7 . 0 ,  the adverse rad i o l o g i c a l  hea l th effects of the recommended p u rg i n g  operat i on 

wi l l  be negl i g i b l e and , there fore , evacuat i on of the l oc a l  res i dents i s  n e i ther req u i red n o r  recommende d .  

The s uggested vari at i o n  i n  the charcoal adsorpt i o n  process  recommends that three conta i ners  o f  charc o a l  t o  be  

used .  I n  thi s vari ati on , the  reactor bu i l d i ng atmosphere wou l d ·  be  f i l tered , dri ed , re fri ge rated , and  p a s s ed over  

refri gerated charcoa l unti l krypton b reakthrough occurred in  the f i rst conta i n e r .  The  krypton in  t h i s f i rst  

contai ner wou l d  then  be deso rbed by  admi tt i ng heated and humi di fi ed a i r .  The desorbed krypton wo u l d  b e  

trans ferred t o  a second re fri ge rated conta i ner of  charcoal  f o r  sto rage . The ads o rpt i o n  and  desorpti o n  i n  the  

f i rst contai ner wou l d  then  be repeated for  severa l  cyc l e s .  A l though the c harcoal  l oses  i ts ab i l i ty to  adso rb 

�rypton w i t h  i nc reas i ng humi d i ty ,  thi s abi l i ty i s  o n l y  decreased i n  magn i tude , i t  i s  not e l i m i nate d .  S i gn i f i cant  

ho l dup is  st i l l  obta i ned at h i gh hum i d i ty ,  and desorpt i on wou l d  not be easy . Therefore , tra n s fe r  o f  krypto n ,  a s  

the proposal  s uggests , cannot b e  expected a s  eas i l y  a s  state d .  S i nce thi s concept i s  t h e  bas i s  for t h e  e n t i re 

proposa l , the rest of  the proposal  s i mp l y  does not fol l ow and  i ts further cons i derat i o n  is  not recomme n d e d . 

Several suggesti ons  were made that NRC staff members and offi c i a l s be present i n  the TMI area duri n g  t h e  p u rg i n g  

operati ons . T h e  reas ons  f o r  these s uggesti ons  i nc l uded that the i r  presence wou l d  be a demon s t rat i o n  o f  c o n f i dence  

in  stateme nts by the  N RC staff  that  the  radi o l o g i c a l  hea l th effects  are  neg l i g i b l e .  Members  o f  the NRC profes s i o n a l  

staff wo u l d  be at , a n d  i n  the v i c i n i ty o f ,  T M I  duri ng purg i ng  operat i ons  t o  oversee these operat i o n s . 
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Concerns  were expressed regard i ng the pos s i b l e re l eases o f  rad i oacti ve materi a l s other than Kr-85 from the reactor 

bui l d i ng ,  espec i a l l y  rad i oact i ve i sotopes o f  c e s i um and s tronti um . As noted i n  Secti o n  4 . 0 ,  the concentrat i on s  of  

a i rborne rad i oacti ve  parti c u l ate matter i n  the reactor b u i l d i ng atmosphere is  l ow and  the purge exhaust  f i l ter 

system wi l l  remove e s s e nti a l l y  a l l of  the part i c u l ate matter in  the exhaust stream , thereby ensuri ng that t h ere 

wi l l  be no s i gn i f i cant dose effects associ ated wi th  the re l eases o f  other radi oacti ve materi a l . 

Concerns were a l s o  expre s s e d  that addi ti onal  quant i ti es of fi s s i on products are conti n u i ng to be generated o r  

rel eased t o  t h e  reactor b u i l d i ng atmosphere a n d  that th i s acti v i ty may b e  re l eased duri ng t h e  purge . These 

concerns  were based upon the var i ati ons between  source te rms used by the l i censee in  h i s  s ubmi tta l o f  Novem b e r  13 , 

1979 ( Re f .  1 )  and those used  by the NRC i n  NUREG- 0662 ( March 1980 ) . As noted i n  Secti o n  4 . 2 ,  these vari ati o n s  

were not due t o  the generat i o n  o f  addi ti onal  f i s s i on products or  the i r re l ease t o  the reactor b u i l d i ng atmo s p he re 

but were due to i mp roved techni ques i n  samp l i ng and analyz i ng the samp l e s .  

A s uggesti o n  was made that by Pre s i dent i a l  Executi ve Order , comp l ete respons i b i l i ty for t h e  c l eanup program a t  TMI 

be a s s i gned to the Naval Reactor Branch of DOE and that the c l eanup deci s i ons  s h ou l d  be removed from publ i c  

debate . The . s tated bases for these s uggesti o n s  were that the c l eanup act i o n  needs to progre s s  i mmedi ate l y  a n d  

t h a t  t h e  TMI - 2  p l ant w a s  n o t  des i gned to h o u s e  l arge amounts of gaseous krypton , rad i oacti ve water , o r  dama ged 

nucl ear fuel  for l ong peri ods of t i me .  A l though the TMI - 2  faci l i ty was  not  spec i f i ca l l y  des i gned to accommodate 

a l l o f  the cond i t i ons  encountered duri ng and fo l l owi ng the acci dent , it i s  now and i s  expected to conti nue to 

i so l ate the rad i oacti ve wastes from the envi ronment provi ded necessary acti ons  are taken o n  a t i me l y  bas i s .  ( See 

Sect i o n  5 . 0 ) .  The l i censee , with appropri ate s upport from the N RC , E PA and DOE profe s s i onal  staff , has s u f f i c i ent  

experti se to perform the necessary c l eanup operati ons . Therefore , there i s  no present need to ass i gn the c l eanup 

operat i o n  to another orga n i zati o n .  Moreover ,  t h e  U . S .  Congress h a s  e nacted l eg i s l ati on  maki ng the N R C  resp o ns i b l e  

for l i cens i ng acti v i t i e s  pertai n i ng to c i v i l i an nuc l ear power reactors and NRC regul at i ons  a l l ow for publ i c  

part i c i pat i on i n  the l i ce n s i ng proces s .  

Several comme nts were made t o  the effect that a ny necessary mai ntenance and repai rs w i t h i n the reactor b u i l d i ng 

cou l d  be performed by workers dressed i n  protect i ve c l oth i ng pri o r  to removal  o f  the Kr-85 . Howeve r ,  as n o ted i n  

Sect i o n  5 . 0 ,  o n l y  p re l i mi nary measurement and p l ann i ng acti v i ti es can be performed i n  the reactor b u i l d i ng p r i o r  

to t h e  removal  of  t h e  Kr-85 . Therefore , the Kr-85 must be removed to permi t a ny mai ntenance o r  repa i r a c t i v i t i es 

wi th i n  the reactor bu i l di ng .  
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10 . 0 Pub l i c  I n fo rmat i on  Acti v i t i es 

I n  an effort to bette r i nform the pub l i c  i n  the area around Three  Mi l e  I s l and about the contents of the d raft 

Envi ronmental  Asses sment ( NUREG-0662 , and Addenda 1 and 2 ) , NRC has co nducted 38 i nfo rmat i onal  meeti ngs  a n d  

acti v i t i e s .  T h e  staff a l s o  i s s ued an  easy- to- unders tand report that answe rs freque n t l y  as ked quest i on s  a b o u t  

remov i ng the krypton from t h e  reactor b u i l d i ng .  Cop i es o f  t h e  report , " Answe rs t o  Que s t i ons about Remo v i n g  

Krypton from t h e  Three M i l e  I s l and U n i t  2 Reacto r B u i l d i ng"  ( NUREG-0673 ) ,  a r e  avai l ab l e  free of  c harge b y  wri t i n g  

t o  t h e  D i v i s i on of  Techn i ca l  I n formati on a n d  Document Contro l , U . S .  Nuc l ear Regul atory Commi s s i o n , Was h i n g to n , 

D . C .  20555 . 

Most of the meeti ngs he l d were p l anned by the NRC , a l though some were orga n i zed by other i nterested group s , a t  

wh i c h  N R C  offi c i a l s were i nv i ted parti c i pants . Members of  t h e  U . S .  Envi ronme nta l P rotect i on Agency and t h e  

Pennsy l van i a  Departme nt o f  Envi ronmental  Resources ( D E R )  we re u s ua l l y  i nv i ted part i c i pants a t  thes e  mee t i n g s . E P A  

offi c i a l s  outl i ned the i r  agency ' s  program a n d  respons i b i l i t i es f o r  envi ronme nta l mon i to r i ng i n  t h e  v i c i n i ty o f  t h e  

TMI s i te ,  whi l e  s tate D E R  personnel  exp l ai ned t h e  commun i ty mo n i tori ng program a n d  o t h e r  state funct i o n s  r e l ated 

to the c l ean-up of  TMI U n i t 2 .  At these meeti ngs , NRC offi c i a l s expressed thei r wi l l i ngness  to meet w i th  o t h e r  

groups of peop l e  w h o  h a d  an i nterest  i n  rece i v i ng add i ti ona l i n format i o n  on  t h e  Envi ronmenta l Assessme n t  o r  c l ean

up operat i ons  at Un it  2 .  

Th i s  e ffort o f  commu n i cat i ng  wi th t h e  publ i c  fe l l i nto three b road categori es : 

15 pub l i c  meet i ngs and meeti ngs wi th i nterested c i t i ze n s  g roups , 

16 meet i ngs w i t h  e l ected off i c i a l s ,  and 

7 press conferences and appearances on  publ i c  i nfo rmat i on rad i o  and te l ev i s i on shows . 

10 . 1 Pub l i c  Meeti ngs and Meeti ngs with  I nteres ted Groups 

On  March 19 , 1980 , NRC conducted a pub l i c  meeti ng i n  M i dd l etown to i nform l ocal  c i t i zens  of the contents  of the  

draft E n v i ronmental As ses sment.  F o l l owi ng thi s i n i t i a l meeti ng , NRC  offi c i a l s atte nded s i mi l a r gathe r i n g s  i n  

s u rround i ng commu n i t i e s  at the reques t  o f  state and l ocal  offi c i a l s .  

The NRC staff a l so  met wi th  a wi de vari ety o f  i nterested groups wh i ch i nc l ude d :  

Chambers o f  Commerce 

C i v i c  Serv i ce Organ i zat i ons 

Med i ca l  Assoc i at i ons  

School  Board O f f i c i a l s 

Re l i g i ous  Leaders  

Teac h e r  O rgan i z ati ons 

Three M i l e  I s l and A l ert 

Meeti ngs with the Cap i ta l  Forward Group and Three Mi l e  I s l and A l ert we re attended by Chai rman Ahearne a n d  C o mm i s

s i oner  Hendri e ,  respect i ve l y ,  i n  add i t i on to NRC staff part i c i pati o n .  
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10 . 2 B r i e f i ngs  for E l ected Offi c i al s 

I n  add i t i o n  to meet i ng  w i t h  Governor Thornburg h , Haro l d Dento n , D i rector o f  the O f f i ce o f  N uc l ear  Reactor 

Regu l ati o n ,  and  other  members o f  the  NRC staff  met  wi th var i ous  c i ty offi c i a l s from  maj or  metropo l i tan a reas 

su rro u nd i ng T h ree M i l e  I s l and .  Meeti ngs  were he l d wi th the Commi s s i oners and other o f fi c i al s from the fo ur 

counti es  c l osest  to TMI :  Dauph i n , Lancaste r ,  York , and Lebanon .  F i ve b r i e f i ngs were a l so  conducted i n  d i fferent 

geograp h i c  l ocati o n s  for  e l ected offi c i a l s from the Boroughs  and Town s h i ps whi ch s u rround T h ree  M i l e  I s l and . 

10 . 3  Pres s Conferences and Te l ev i s i on and Rad i o  Appearances 

Haro l d  Denton he l d  several pre s s  conferences i n  central Pennsy l vani a ,  one o f  wh i ch was he l d j o i n t l y  wi t h  Gove r n o r  

Thornbu rgh to d i s c u s s  t h e  E n v i ronmental  Assessment . John  T .  C o l l i n s , Deputy Program D i recto r , TMI  Prog ram O ff i ce ,  

appeared o n  severa l  te l ev i s i on and rad i o  tal k programs where l i steners o r  panel  members as ked quest i o n s  conce r n i n g  

t h e  Env i ronmental  Asses sment .  These appearances b y  M r .  C o l l i ns were i n  addi t i o n  t o  h i s numerous other te l ev i s i o n 

and rad i o  i ntervi ews concern i ng a wi de range o f  top i c s re l ati ng to act i v i t i e s  at the TMI s i te .  
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12 . G l os sary 

Absorbed dose - The energy i mparted to matter by i o n i z i ng rad i at i o n .  

Ant i c i pated Operat i onal  Occu rrence - M i s c e l l aneous cond i t i o n s  or  act i ons  s uch  as  e q u i pment fa i l ure , ope rato r errp r , 

adm i n i strat i ve error , that are expected to occur that are not of mag n i tude great enough  to be cons i dered a n  acc i de n t .  

Bac kground rad i at i on  - Rad i at i o n  ar i s i ng from natural  radi oact i ve materi a l s  al ways present i n  the e n v i ronment , 

i nc l ud i ng s o l a r  and cosmi c rad i at i o n  and rad i oact i ve e l ements i n  the upper atmosphere , the ground , b u i l d i n g  mate

r i a l s ,  and the h uman body .  I n  the Harr i sburg  area the background rad i at i on l eve l  i s  about 125 mrem p e r  y e a r .  

Beta parcti c l e s - Charged part i c l es emi tted from the nuc l e u s  of a atom , wi th a mass and charge equal  i n  magni tude 

to that o f  the e l ectro n .  

CFM - C ub i c  feet per m i n ute 

Contro l rod - A rod conta i n i ng mate r i a l  that absorbs ne utron s ; used to contro l or ha l t n u c l ear f i s s i on i n  a reacto r .  

Core - T he part o f  a nuc l ea r  reacto r that conta i ns the fue l  ( f i s s i o nab l e  materi a l ) .  I n  a reactor l i ke t h a t  at TMI , 

the reg i on  contai n i ng fue l - bear i ng rods . 

C r i t i c a l  - Term used t o  descri be the capab i l i ty of s u s ta i n i ng a chai n react i on a t  a cons tant l eve l . 

Cryoge n i c  Proces s i ng - Low- temperatue separat i on proc e s s e s  whereby mate r i a l s that a re norma l l y  gases  are i s o l ated 

and recovered from other gases by l i q u i fy i ng them at  l ow temperatu re s .  

Cub i c  Centi meter ( c c ) - U n i t f o r  meas ur i ng  v o l ume . Approx i mate l y  947 cub i c  centi meters i s  equal  to one  U . S .  quart . 

C u r i e ( C i ) - The spec i a l un i t . o f rad i oact i v i ty .  Acti v i ty i s  defi ned as t h e  number o f  n u c l ear transform at i o n s  occ u r

r i ng i n  a g i ven quant i ty of materi a l  per u n i t  t i m e .  

Decay heat - Heat produced by the decay of rad i oac t i v e  parti c l e s ;  i n  a nuc l ear reacto r t h i s heat , re s u l t i n g  f rom 

mate r i a l s l e ft from the f i s s i o n proces s ,  must be removed a fter reactor s h utdown to prevent the core f rom ove r

heat i ng .  See Radi oact i ve decay .  

Dose  - Denotes t h e  quanti ty o f  rad i at i o n  o r  ene rgy absorbed.  For  spec i a l purposes  i t  m u s t  be approp r i ate l y  q u a l i 

f i ed .  I f  unqua l i f i ed ,  i t  refers t o  absorbed dos e .  S e e  Abs orbed dos e .  

Dos i meter - Dose mete r .  An i n strument that mea s u res  rad i at i o n  dose .  See  T LD .  

Gamma rays - Short-wave l ength e l ectromagneti c rad i at i o n  o f  n u c l ear or i g i n emi tted from the n uc l eus  o f  an atom . A 
form o f  i o n i z i ng rad i at i o n .  
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Hal f- l i fe - The t i me req u i red for ha l f of a gi ven radi oact i ve substance to decay .  

HEPA - H i gh-effi c i ency parti c u l ate f i l te r .  

I o n i zati on - T h e  proc e s s  b y  wh i ch a neutral atom or  mo l ec u l e acq u i res a p os i t i ve or  a negati ve charge . 

I o n i z i ng Radi ati on  - Any form o f  rad i ati on  that di s p l aces e l ectrons from atoms or mo l ecu l e s .  The res u l t i ng atom 

or mo l ec u l e is an i o n .  Ions become e l ectri ca l l y  charged as a res u l t  o f  th i s  proces s .  

Krypton-85 - An i nert nob l e  gas ( i t  does not i nteract c hemi cal l y  wi th other chem i ca l  e l eme nts o r  compo unds ) wi t h  a 

hal f- l i fe of 10 . 7  years . 

LET - L i near energy transfer .  A measure o f  the capac i ty o f  b i o l o g i c a l  materi a l  to absorb i o n i z i ng rad i at i on .  

MDA - Mi n i mum De tectab l e  Acti v i ty .  M i n i mum l eve l  of  radi oacti v i ty detectab l e  wi th  mon i to r i ng i nstrume nts . 

Meteoro l og i ca l  di spers i on factor ( X/Q ) - A factor ( seconds/m3 ) wh i c h  accounts. for  s i te- spec i f i c  meteo ro l o g i ca l  

data i n  rel�ti ng the concentrat i on ( C i /m3 ) o f  rad i oacti ve materi a l s ,  a t  a g i ven  l ocati o n , t o  a rel ease rate 

( C i /sec)  of  rad i oacti ve mate r i a l  at another l ocati o n .  

M i c rocuri e ( mCi ) - U n i t f o r  meas u r i ng rad i oacti v i ty .  O n e  mi crocuri e i s  one-mi l l i o nth o f  a cur i e ( 1/1 , 00 0 , 00 0 ) . 

See c u r i e .  

M i l l i cu r i e ( mC i )  - Un i t  for meas u r i ng  radi oacti v i ty .  One mi l l i c ur i e i s  one-tho u s a nath ( 1/1 , 000 } o f  a c u r i e .  

Mi l l i rem (mrem ) - One one- thousandth ( 1/1000)  o f  a rem ; see rem . 

MPC - Max i mum Permi s s i b l e  Concentrat i on o f  rad i oact i ve expos ure , as spec i f i ed i n  T i t l e 10 Code of Fede ra l  Regu

l at i o n s , Part 20 , Tab l e  8 .  

Nob l e  gases - I nert gases that do not  read i l y  react chemi cal l y  wi th other e l ements . These gases i nc l ude h e l i um ,  

neon , krypton ,  xenon , and  radon .  

Nuc] ear Reg u l atory Commi s s i o n  ( NRC)  - U . S .  agency respons i b l e  for the l i cen s i ng ,  regu l at i o n , and i n spect i o n  o f  

commerc i al , test , and research nuc l ear reacto rs , as  we l l  a s  nuc l ear mate r i a l s .  

Order o f  Magni tude - Wi thi n a factor of  10 . 

Person- rems - The s um of the i nd i v i d u a l  doses recei ved by each member of  a certa i n group or popu l at i o n .  I t  i s  

ca l cu l ated by m u l t i p l y i ng the average dose per person by the number of  persons . Consequent l y , the co l l ecti ve d o s e  

i s  expressed i n  person- rems . For  examp l e ,  a thousand peop l e e a c h  exposed to one mrem wou l d  h a v e  a c o l l e c t i ve d o s e  

o f  1 person- rem. 

PSIG - Pounds per  square i nch gauge . A measure of the di fference i n  press ure above or be l ow norma l atmo s p h e r i c 

pre s s u re .  

rad - The bas i c  u n i t  of  abso rbed dose  o f  i on i z i ng rad i ati o n .  A dose o f  o n e  rad mea ns t h e  absorpt i o n  o f  1 0 0  e r g s  

o f  rad i at i o n  energy p e r  gram of  absorb i ng materi a l . 
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Rad i at i o n  - Energy i n  t h e  form of rays ( l i ght , heat , X- ray ,  radi o waves ) s e n t  out  through space f rom atoms a n d  

mo l ec u l e s  as they undergo i nte rnal  c hange . 

Rad i oacti ve decay - The spontaneous natura l  proce s s  by wh i c h  an unstab l e  rad i oacti ve nuc l eus  re l eases  ene rgy o r  

parti c l es t o  become s tab l e .  

Rad i oacti v i ty - The spontaneous decay of an unstab l e  atom . Duri ng the decay proces s ,  i on i z i ng rad i at i o n  i s  

u s ua l l y  gi ven  off .  

Reacto r ( n uc l ear) - A dev i ce in  wh i c h  a f i s s i on chai n reac t i o n  can be i n i t i ated , ma i ntai ned , and control l ed .  

Reactor b u i l d i ng - The s tructure hous i ng the nucl ear reacto r .  A l so  ca l l ed contai nment b u i l d i ng or  reacto r 

contai nment b u i l d i ng .  

Reactor vesse l  - The stee l vesse l  contai n i ng  the  reacto r core ; a l so cal l ed press u re vesse l . 

Rem - A s tandard u n i t o f  rad i at i on dos e .  Frequently  rad i at i on  dose i s  meas u red i n  mi l l i rems for l ow- l eve l 

rad i ati on ; 1 , 000 mi l l i rems equal  one rem . 

SCFM - Standard Cub i c  Feet Per  M i nute . " Standard" re fers to standard cond i t i ons  o f  pres sure and temperatu re . 

Se l ect i ve Absorbt i o n  Proce s s  - A separat i on proces s  whereby a l i qu i d  i s  u s e d  t o  s e l ecti ve l y  absorb ( sepa r a te ) a 

s e l ected materi a l  ( gas ) from a source gas stream ( a i r ) . 

Source Term - Defi nes a n  amount of rad i oact i ve mater i a l . 

TLD ( thermo l um i nescent dos i meter) - A s o l i d- state dev i ce used to measure n u c l ear rad i at i o n  doses . See Dos i mete r .  

Tri t i um - A radi oacti ve i s otope of hydrogen .  

Wa ke- Cav i ty Effect - The regi o n  of turbul ance i mmed i ate l y  to the rear of a s o l i d  body , l i ke a b u i l d i ng ,  t h at i s  

formed when wi nd c urrents f l ow over and around the object.  

� - See Meteoro l ogi ca l  D i spers i on Factor .  
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