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By your letter dated November 2d, 1984, you confinned NRC Staff 
concurrence "that tell'porary recovery modifications oo not have to meet 
design oasis severe natural pnenomena so long as; 1) the structure is 
temporary (all recovery modifications are not necessarily temporary in 
the staff's view); 2) a breacn of that component oy natural phenomena 
will not cause a radiological release in excess of lU CF� 100 limits or 
the failure of that component will not c�npr�ise the aoility to maintain 
the reactor 1n a safe shutdown condition". 

In respa1se to your letter, GPU Nuclear undertook the attached analysis 
for the purpose of demonstrating that those TMl-2 systems installed since 
the 1979 acc1dent or contemplated for future installat1on for the sole 
purpose of supporting TMl-2 recovery activities are not required to meet 
se1smic design requir�nents. The andlysis Shows tnat failure of any of 
these structures, systems, or compont. .• ts as a result of a seismic event 
will not result in a radiological reJease 1n excess of a small fraction 
of the guideline Vdlues in 10 CFH Part lUU and tne failure will not 
comprise tne ability to maintain tne reactor in its current safe Shutda�n 
condltion. 
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The above referenced letter also states that "staff concurrence with your 
design does not relieve you from tile necessity of requesting exeJ11)tion 
from the code when appropriate". GPU Nuclear has reviewed 10 CFR 
Part 50, Appendix A, General Design Criterion 2, "Design Basis Protection 
Against Natural Phenomena" and 10 O:R Part lUO Appendix A, "Seismic and 
Geological Siting Criteria for Nuclear Power Plants". Since the 
consequences of failure of post-accident structures, systems and 
components are oounded oy the guidelines of Appendix A, 10 CFR Part lOU, 
it is our understanding that existing designs are adequate. 

General Design Criterion 2 states tnat "structures, systems, and 
components important to safety snall oe designed to withstand tne effects 
of natural phenomena such as earthquakes, tornadoes, hurricanes, floods, 
tsunami, ana seiches witnout loss of capaoility to perform tneir safety 
function." 

10 CFR Part 100, Appendix A, "Seismic ana Geological Siting Criteria for 
Nuclear Power Plants", states that its purpose is to set fortn the 
principal seismic considerations which guide the C�ssion in its 
evaluation of tne suitablity of tne plant design bases estaol1SheO in 
consideration of the seismic and geologic characteristics. Tne 
structures, systems, and components wnid1 are cJesign�d to remain 
functional for the "Safe Shutdown t:artnquake" are those necessary to 
assure: 

1. Tne integrity of the reactor coolant pressure boundary. 

2. Tne capability to Shutdown the reactor and maintain it in a safe 
shutdown conoition, or 

3. Tne capability to prevent or mitigate the consequences of 
accidents wnicn could result in potential offs1te exposures 
comparable to the guideline exposures of this part. 

Hecause of the unique snutaown condition of TMI-l, none of the 
post-accident systems are required to perform a nucledr safety-related 
function, as oef1neo aoove, ouring a seismic event. Specifically, the 
lirst of tne cr1teria clearly is not applicaoie to TMI-2 in its current 
condition. Compliance with tne second cr1ter1on is attested to oy the 
encloseu analysis wnicn conch.des that tl1e failure of any post-accident 
system as a result of a oes1gn oas1s earth4uake will not jeopardize tile 
current safe snutdown condition of tne fl.l!-2 reactor. F.1nally, tne 
enciosea analytlcal data affirms compliance �itn tn� tnird criterion oy 
suostdntiatlny tnat no post-accident system .1s requ1red to prevent 
offslte exposures wnicn would oe c�nparaole to 10 CfH Part lOU nor woula 
system-relateu failures r�sult in sucn consequences. 



Because it has been shown by analysis that post-accident systems do not 
perform a nuclear safety-related function, as defined by 10 CfR 100, 
Appendix A, it has oeen concluded tnat these systems need not oe designed 
to withstand the effects of a design basis earthquake. It follows, 
therefore, that 10 CFK Part 50, Appendix A, General Design Criterion 2, 
as it relates to seismic events, does not apply to TMl-2 post-accident 
structures, systems, and components ana an exemption is not required. 

Suosequent to your review of this letter and the attached analysis, 
please provi�e comment relative to the conclusions contained nerein and 
tne applicability of seismic design requirements to TMl-2 post-accident 
systems. 

Per the requirements of lU CFR 170, an application fee of $150.00 is 
enclosed for review of this docunent. 

Sincerely, ('\ 

J�,.�� Jl. tJ�.v J\ 

L _ F. R. Standerfer 
(f Vice President/Director, TM1-Z 

FtlS/t:UF/eml 

Attacnment 

cc: Deputy Proyram Director - TMI Proyram Office, Dr. w. o. Travers 

Enclosed: GPU flue lear Check flo. 154511 
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Safety Eval uation Jus t i fy i ng the Non-Seismic 
Des i gn of TMI-2 �Post-Accident" Systems 

1.0 Purpose and Scope 

4430-7322-85- 1 

The purpose of th i s  safety evaluation Is to prov i de justi fication for the 
non-sei s m i c  des i gn of systems that have been Instal l ed s i nce the 1 979 
acc i dent. The scope of this evaluat ion covers a l l "post-acci dent" systems 
that are current l y  operational or are pl anned to be operational to support 
fuel removal from the reactor vesse l . The eval uation demonstrates that the 
pub l i c  consequences of radl onucl l d e  rel eases that could occur from system 
fai l ures due to a des i gn bas i s  earthqua�e <DBE> are l es s  than the l i m i ts of 
appl i cab l e  NRC standards .  Section 2.0 descr i bes the anal yt i cal aoproach used 
In the evaluation. Secti on 3 . 0  de�cr l bes the postul ated accidents that cou l d  
resu l t  from fai l ure of non-sei smic components and the i r  potenti al offslte 
consequences . Section 4.0 prov i des th� concl u s ions of the anal ys i s .  
Section 5 . 0  prov i des an "unrev l ewed safety question" evaluat ion as requ i red by 
10 CFR 50.59. 

·t' 3) 
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2 . 0  Analyt i c al Approach 

The pub l i c  consequences of an env i ronmental re l ease due to pl anned defue l l ng 
acti v i ti es through �earl y  defuellng" have been analyzed <Reference 1>. That 
ana l ys i s  con s i dered a spectrum of acci dents and found that radlonucllde 
r e l eases d i d  not exceed l OCFR Part 100 l i m i tations .  Other eval uations have 
consi dered the potent i al consequences of postul ated acc i dents w i th an open 
reactor bu i l d i n g  equi pment hatch <Reference 2> or from postulated acci dents I n  
other areas of the p l an t .  In general , the analyses o f  "post-ac c i dent� systems 
and processes have not con s i dered a s e i s m i c  event as a potenti a l  cause of an 
acc i dent. Th i s  eval uation cons i ders the consequences of acc i dents wh i c h  may 
be postul ated due to a s e i s m i c  event . The evaluation was conducted I n  several 
phases . as descri bed b e l ow .  

Phase 1 :  Ident i f i cation of Source Terms and Dr i v i n g  Forces 

For an acci dent to result i n  consequences that e�ceed those pre v i ou s l y  
anal yzed , a l arger radlonuc l l de source term and/or a greater dr i v i ng 
force to move the radlonuc l ldes to the env i ronment must be generated . To 
I denti fy pos s i b l e  source terms and dr i v i ng forces a logic d i agram was 
deve l oped and i s  presented I n  Section 3 . 1. 

Phase 2: Spe c i f i cation of Se i s m i c  Induced Acc i dent Sequences 

Each dri v i ng force was coupl ed w i th each radlonu c l l de source term 
Ide nt i f i ed I n  the f i rst phase of the anal ys i s  to defi ne a poten t i al 
accident sequence res u l t i ng from a s e i sm i c event. Th i s  resul ted I n  
approx i mate l y  1 00 comb i nations of dr i v i ng forces w i th source terms . Each 
comb i nation was examined and those that were phys i ca l l y  unreal i st i c  or 
wh i ch cou l d  not cred i bly occur were e l i m i nated from further anal ys i s .  
Con s i deration was made as to whether the dr i v i ng force cou l d  be d i re c t l y  
assoc i ated w i th the radlonuc l l de source <e . g. a f i re I n  a waste storage 
area> or whether the d r i v i ng force s i mp l y  occurred s i mu l taneous l y  w i th an 
I ncreased source term <e . g .  an atmosphe r i c  pressure d i fferent i a l  w i th an 
SOS l i q u i d  l i ne break>. In some cases . such as dra i n i ng the reactor 
vesse l , the o n l y  mechan i s m for the acci dent sequence· I s  the fai lure of a 
s e i s m i cal l y  qua l i f i ed component, e . g . ,  the lncore I n strument g u i d e  
tube s .  Norma l l y ,  fai l ure of a selsm i c:l l y  qual i f i e d  component wou l d  not 
be postul ated for the des i g n  bas i s  earthquake; however. there Is the 
pos s i b i l i ty that non-s e i s m i ca l l y  qua l i f i ed recovery components may have 
been constructed above s e i s m i c  category I components s i nce the acc i dent. 
To take th i s  I nto account. the fai lure of a s e i s m i c a l l y  qua l i f i ed 
component I s  postul ated unless I t  has been shown that an "unqua l i f i ed 
over qual i f i ed" fai l ure Is not cred i b l e .  

The acc i dent sequences are presented I n  Section 3 . 2 .  

Phase 3: Consequence Anal y s i s  

An offslte dose asses sment was performed for radlonuc l l de r e l eases 
assoc i ated w i th potenti al se i sm i c a l l y  I nduced ac c i de nt s .  The dose was 
asses sed at the nearest s i te boundary for two hours as spec i f i ed I n  l OCFR 
Part 1 00 .  To conservati vely esti mate the offs l te dos e .  the 0-1 hour 5th 
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percenti l e  atmospher i c  d i spersion factor < x IQ> g i ven In Append i x  2 0  of 
the F i na l  Safety Analysis Report <Reference 3> was used . The dose 
convers ion factors for radi onuc l ldes spec i f i ed In Regul atory Gu i de 1 . 1 09 
< Reference 4) were used; for radlonuc l ldes not spec i f i ed i n  RG 1 . 109. 
NUREG-0172 < Reference S> factors were used.  

The dose l im i tations I n  IOCFR Part 100 app l y  to the whole body and to the 
thyro i d .  The dose ca l cu l ations performed In Reference I de�nstrate 
that, for the THI-2 rad l onucl l de I nventory , wnole body and thyro i d  doses 
are sma 11 In comparl son to the bone dos e .  Therefore . dose> ·.ere 
ca l c u l ated for the adol escent bone which i s  the cri t i ca l  organ for 
pote nt i a l  THI-2 re l eases . To assess  the s i gnificance of the ca l cu l ated 
bone dos e s ,  I n s i ghts from the l i terature were 1used . 

The assessment considered conti nuous or "2 hour'' rel eases and 
Instantaneous or "puff" releases a s  appropri ate for a p�rt l cu l ar 
sequence. Because GPUN has requested to remove the equi pment hatch for 
l i m i ted time period s , and because some buil ding venti l at i on systems·and 
post-acci dent structures are not s e i sm i ca l l y  qual i f i ed .  al l releases were 
assumed to be unf i l tered . The fraction of �ateri a l  that may become 
a i rborne under the various postulated acci dent cond i t i on s  was based on 
work performed by Sutter et al <References 7, 9 ,  1 0> and Chan and H l s h l ma 
<Reference 8> . 
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3.0 Accident Evaluation 

The following suosectlons identlf �otentlai dri1lng forces and accident 
iource terms, determine �ccldent eauences that could result from a seismic 
event anc assess accioent cooseaJ nces . 

3.1 Potential Source Terms ana Driving �or-:� 

ro Identify the potenti al io�rce terms ana driving Forces :hat could be 
�ssoclated with a se ism i c e�ent. the logic diagram snown as Flqure 3.1 �as 
developed. The "too event" of the diagram Is "Se1smlcally Induced 
Consequences". This e·tert occurs If ooth a driving force ana a ,.adionucllde 
source term e�lst. For the seismically Induced Jccldent consequences to have 
the potential to e�ceed conseauences for previously analyzed conditions. the 
driv ing force ana/or the source term must De lncreasea over those orevlously 
a nalyzed . 

The purpose of Figure 3.1 Is to ldentlfv source ter�; Jna accloent s eauences 
that are conceptually possible. The cr�dlblllty and Significance cf the 
events In Figure 3.1 :1re examined In more detail In Sections 3.1.1 and 3.1.2. 

3.1.1 Potential Orivlng_�9!�S 

?otentlal driving forces that could develop from a se1smic event or could 
creolbly occur coincidentally with the e�ent are discussed bel�w. 

3.1.1. 1 Atmcsoneric .lP/�lr E•cnange •·:ioen eauloment hatcn/ooen buiiJing) 

�n air oressure olfferentlai bet�ee� the react�' building <RB> ana the 
environment of 1 asig. corre�nondlng to a lew pressure weather front. Is 
assumed. This results in a tery rapid �au l llbration of reactor ouildlng and 
outside oressures if the eaulcment hatch li ooe1. The equilibration results 
In a loss of about seven percent of reactor ou lldlng air volume. �fter this 
eaulllbratlon. tne RB and envtrcnme1t are �ssumeo to continue to e�change air 
at the rate of 2 containment �olumes. per nour which corresocnds to an open 
equipment hatch with an outside �Ina cf about 20 mph. �n air e•change rate of 

2 building volumes per hour �as u i so assumed fo•· AFHB releases. 

3.i.1.2 Fire .lP - Combustibles 

Combustibles Ignite because of � hort i ng of non- ;els�lca l ly auallfled 
electrical ccmoonents or other unsoec1fled igni:ion source. The analysis 
provided In Reference 1 1  orov 1 oes l oasis for determini ng the ;1gnlflcunce of 

� comoustlble materials fire orlvlng force. That anal ysis Indicated that a 
oeak pressure of 2 pslq might be reached In an enclosed environment using 
conservative neut transf'?r assumotions and a large comoustion source. ihe air 
exchange rate with the outside en1ironment that would oe oue to a s1mila r fire 
In an ooen containment �ould oe less than the e <change rare used In the 
previous section. Thus. the ccns eauence; of postulated acc ident sequences 
�� th the atmospneric dl"! ling force In Section 3.1. 1.1 would bound those w1 th a 
combust i ble fire driving force. given the ;ame radlonuc1ide source. <This 
•ssumes that the rad!onucllde ;ource Is not direct ly lnvoiJed In the fire: 
that oosslblllty was considered on a ca� e- by- ca ; � basi� as indicated In 
Table 3.1>. 
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3.1. 1.3 tire �P - �yroohoric . 

Fire r�sultinq frcrn l pyroohortc relction hds oeen oo-;rulated to result from 
��tal fines that �ay be assoctateo �lth the core debri• or that may have 
settled on reactor ·1essel Internals. There lre three �arerials which mav new 
be oresent In the core 3nd which could unoergo 3 oyraonoric reaction: �· 
�ranlum-zlrconlum eutectoid <wnlcn I; ;urrounded by dn o�ygen-;tablllzed 
�lrconlumJ, zirconium metal and z1rconlum nydrlde. Jnlv three occurrences can 
be oostulated that could e<cose the;e core 'llaterlals: . i> unco·1�rtnq the 'ore 
by leakage through the guide :uoes. Ill• core mdterlals themselves 'ea�lng 
through failed guide tubes or <1111 e•oaslng materials tn a oe��eling canister 
due to a handling accident. 

Considerable analyses nave been ccn�ucted s1nce the oyroonorlc concern wa� 
Initially raised and are ;umman::ed In Reference 1�. ihe lnalyses indicate 
that three conditions must e,1;t to initiate �nd maintain a oyropnoric 
reaction· 

<1> The oyroonortc matertal must nave i ! •qn surface t') ·1olume ratio of the 
nature of oc·.1der. �<:;er'ence tnolcares that '1'101St ::i··ccniu'Tl fines of 
less than 10 um will burn. �owever. :ore 1ebri; ;amole analys1; 
indicates cniy a small fraction <Re�erence 3 1  i�oicated 1.5 percent> of 
the oanl.:ulate m<tter i; ie;s than JS um. �he oldnneo defuellng 
lCtlvltles are not li�ely to generate significant 1adltlo�al ouantltles 
of fines in tne s1ze range Jf �')ncern. 

<2> The pyroonoric �aterial must e�lst ln an o•ygen aeoleteo environment ana 
then be suddenly e<oosed to o•ygen. ihe surface of the core oyroohorlc 
'Tlaterlal has been ecposed to o•ygen In the water ;!nee the accident. 
Thus. o�idatlon that has already occu1oed �ould limit a oyroonorlc 
reaction to material that Is freshly exposed. The defueling proces� Is 
not likely to ecpose significant �udntitles of deoris in the size range 
soeclfled In Item 11> above. Further, any additional ecoosure of 
oyroohorlc �aterial due to aefuell�g activities would lnltlal !J be 
underwater. unere octdation would again occur Jt some rate. 

( J) The o.daat•on 
environment. 
materia 1 acts 
propagation. 

r1te must e•cee1 the heat transfer rate t� the ;urrcunotng 
The ?•iolzed debris that will be �i•eo with an; o1roonortc 
JS a ailuent and minlnlzes tne ootential for lqntti0n ana 

In addition to the 3oc�e con: aerat•ons. �ests nave oeen :cnducted on a samole 
of matulal that was remo.ed f,-cm :he ;>lenum surface to de�ermlne Its 
pyrophoricl ty I Reference '3> �ttemots were maae to 'allot iqnl te" the 
subject material by ccnouctlng a ipark test. a str.�e test. ind a flame test. 
The results found 'no Ojroonor•c C'lara_ er IHic' &or the -r.aterial tested. 

In sumMary. theoretic�! analys·� and e•oerlmental data l n J i cace that the 
characteristic; of the r.1ateri�l currentl_l 1n tne react?r 1essel. or as It may 
be modified during defueling, •> e<ceealnqly unlikely tu ;usraln a pyropnonc 
react I on. ThIs cone 1 us ion Is not dependent •)n contInued ,·ubme rgence of the 
material In water o• on a particular oo�tulated ;ci��lcaily Induced dCCident 
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sequenc e .  Thus. I t  was not con s i dered reasonab l e  to postul ate a pyrophor l c  
reaction of expos�d fuel debr i s a s  a significant driving force for 
radlonuc l l de transport. 

3 . 1 . 1 . 4 RCS Steami ng 

The reactor c oo l a n t  system Is current l y  at about 82"F. The o n l y  mecha n i sm 
that cou l d  produce steam i ng wou l d  be recrlt l c a l ity or a v e s s e l  dral ndown . 
Recrl t l ca l l ty cou l d  be postul ated by a core recon f l guratlon or a boron 
dil ution event . A v e s s e l  dral ndown cou l d  occur by l eakage through the l ncore 
Instrumentation gu i de tube s .  

Core reconfl guratlo� 

A core reconfl guratlon can be postul ated to �e s u l t  from a s e i smic event . 
e i ther due to d i rect mechanical v i bration or due to the col l apse Into the 
vessel  of seism i ca l l y  unquali fied components . To �va l uate the poten t i a l  for 
cri tica l i ty due to a seism i c a l l y  Induced reconf l guratlon , the fol l owing 
considerations were made: 

<1> The Interna l s  Indexing f i xture < I I F>. defue l l ng work p l atform and , 
at t i me s .  the defue l l ng bridge assemb l y  wi l l  be over the open 
reactor vesse l .  The I I F  Is e s senti a l l y  a h o l low stee l cyl i nder w i th 
a diameter exceeding the v e s s e l  d i ameter. The work p l atform 
con s i sts of 1 7  major structural members. mostl y  304 s ta i n l es s  stee l ,  
wh i ch are totted together and weigh aporoxl mate l y  34,000 l b s .  There 
are 1 1 3,000 pounds of s h i e l ding p i eces wh i ch overlap each other and 
are supported by the major structural members . The beam end to be�m 
end d i me n s ion exceeds t�e vess�l  f l ange open i ng by about four feet. 
The auxil i ary fuel hand l i ng bridge was ori g i na l l y  d e s i gned a s  
s e i s m i c  Category I and supports the defue l l ng tro l l ey and canister 
trausfer shie l d .  The auxi l i ary fue l hand l i ng bri dge a s s embly and 
work p l atform have been c l a s s i f i ed " I mportant to Safety" for 
structural Integr i ty .  No seismi c qua l i fication of these components 
has been demonstrated . However, the design crite r i a  that have been 
employed and the phys i ca l  characteri s t i c s  of the structures prov i de 
some measure of a�surance that a major structural col l apse Into the 
v e s s e l  wi l l  not occur a s  a resu l t  of a DBE. 

< 2> An extensive ana l ysis <Reference 1 4) has been conducted to con s i der 
the c r i tica l ity potent i a l  of reconfl guratlons that cou l d  resu l t  from 
defue l l ng operati on s . The approach used In the ana l ys i s  was to 
specify a n  "Inf i n i te pol son". I . e  . .  a concentration of sol ub l e  boron 
that wou l d  a s sure subcrltl ca l l ty for a l l  cred i b l e  reconf lguratlons . 
A range of very reacti ve con f i gurations was a na l yzed and the boron 
concentrat i on s  required to a s s ure subcrl t l ca l l cy were identi fied. 
The most reactive of these configurations .  which Is viewed to bound 
any cred i b l e  core reconf l guratl o n ,  Is a concentric l enti c u l ar shape 
w i th 1 001. vf the batch 3 < 2 . 961. enriched> fue l surrounded by a 
u n i form m i xture of 1 001. of the batch 1 and 2 fue l .  Standard fuel 
pe l let s i ze in a conservative geometry w i th a correspon d i n g  
optimized fuel /water ratio was assu�red w i th n o  cred i t  for c l add i ng 
or sol i d  polson mater i a l . The probab i l i ty of the core be l no 
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recon f i g ured I n  th i s  manner, even g i ven th� col l apse Into the vessel 
of non-se i sm i cal l y  qual i f i ed equ i pment , Is exceed i ng l y  smal l .  The 
refer�nced ana l ys i s  I nd i cated that the bound i ng c ase core 
con f i guration wou l d  be subcrlt l ca l  w i t h  a boron concentration of 
43SO ppm. 

C3> The defue l l ng structures above the core are composed l arge l y  of 
sta i n l ess steel wh i c h  I s  not consi dered to be a moderat i ng 
materi a l . Stai n l ess steel may be a s l i gh t l y  better ref l e c tor than 
h i gh l y  borated water. However, I t  I s  very u n l i k e l y  that the 
col l apse of th i s  material I n to the core cou l d  result I n  a more 
reac t i ve configuration than the bound i ng ana l ys i s  I n  Reference 1 4 .  

(4) The RCS Is maintai ned at a nom i na l  S050 ppm < +  100 ppm> to prov i de 
an opera t i ng marg i n  above 43SO ppm. (Recent samp l es I nd i cate that 
the RCS Is actua l l y  above 5300 ppm . >  Thus, an add i t i onal measure of 
cri t i c a l i ty safety I s  prov i ded . 

CS> To assure that the core r�act l v l ty does not s i g n i f i c an t l y  Increase 
by the l nad�ertent l n troouc t l or of mater i a l s  I nto the RCS, a l i st of 
materi a l s  wh i c h  cou l d  adverse l y  affect the shutdown marg i n  I s  b e i n g  
developed. The al lowab l e  quan t i ty of materi a l s  over the vessel w i l l  
be def i ned and procedural contro l s  w\1 1  be deve l oped to ensure that 
the l i mi tations on mate r i a l  type a�J quan t i ty are not v i ol ated 
< Reference 1 > .  Thus, the potentfai for crl t l c� l lty due to the 
col l apse I nto the vessel of materi a l s  that may be on the work 
pl atform I s  m i n i m i zed . 

Based on the above conslderitl ons, cri t i c a l i ty due to a se i smi cal l y  Induced 
core reconflguratlon Is not considered cred i b l e .  Thus, a reconf l guratlon wi l l  
not resu l t  I n  steam i ng of the RCS I nventory. 

Boron d i l ut i on 

A d i l u t i on of the ��S boron concentr3 t l on cou l d  be postu l ated I f  the se i sm i c  
event c aused the fail ure of RCS I sol ation barriers. A deta i l ed e xamination of 
pote n t i a l  d i l u t i on paths has been performed and at l east dou b l e  I so l a t i on 
barr i e rs are I n  p l ace for al l d i l ut i on paths during pl anned opera t i ng 
cond i t i ons <Reference IS>. To evaluate the pote n t i a l  for a se i sm i c a l l y  
I nduced RCS boron d i l ut i on , the fol l ow i ng considerations were made: 

C l >  An exami nat ion of the I so l a t i on barriers and pi p i ng required to I so l ate 
the RCS dur i n g  stat i c  cond i t ions reveal s that on l y  a few d i l u t i on paths 
are not I solated by at l east one se i sm i c  category I component: the 
d i l ut ion paths that pass through non-se i sm i c  Iso l a t i on are general l y  
assoc i ated w i t h  chem i c a l  add i t ion Ji nes.  Thus. the large major i ty of 
pote n t i a l  Iso l a t i ons barriers w i l l  mai n tai n the i r  I n tegri ty dur i ng the 
des i gn basts earthquak e .  

<2>  Di l u t i on through the secondary s i de I s  prevented b y  dou b l e  I solation of 
potent i a l  d i l ut i on sources to the steam generators <Reference IS> and the 
ma i n tenance of the steam generator water l ev e l  b e l ow the pri mary s i de 
water l e ve l . 
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< 3> The major potential sources of unborated water Inflow through an open 
vessPl head < as suming collapse of non-seismically qualified I IF/defuel l n g  
structures> are decontamination activities and the fire service system. 
DecLntaml natlon activities are routinely conducted In the reactor 
building .  Decon water may originate from the PHS T .  tankage In the 
chemical cleaning building and other smaller source s .  I t  enters the 
containment through a penetration that can be Isolated by outboard 
valvlng .  Typical decon flow rates are 2 5  gpm. A boron dilution to 
4350 ppm would require that decon water be directed to the open head �nd 
left I n  place for more than four hours . Thus, dil ution of the RCS a� a 
result of decon activities during a seismic event was not considered a 
credible event. 

The fire service system piping I s  seis mic Category I I n  the reactor 
b u i lding < Reference 3 > .  The system enters the reactor build i ng through a 
penetration from the fuel handling bul ld1ng < FHB> and I s  routed to 
several elevations of the reactor building .  There are only two fire 
service stations at an elevation above the operating deck; these fire 
stations are above each 'D' ring at approKimately el.  371 ' .  The fire 
service penetration from the FHB enters below the operating deck; 
containment Isolation I s  normally achieved <unless "hot work." I s  being 
performed I n  contalnm�nt> by a closed valve In the FHB which Is also on 
seismic Category I piping . Each station has a hose s hutoff valve and a 
nozzle valve. Because of the seismic qualification of the fire service 
piping , the only postulated failure mechanism for the system that would 
release unborated water I n  a design basis earthauake Is an "unqualified 
over qualified" failure . A detailed analysis of this possibility has not 
been conducted; however , the only major systems above the fire stations 
at elevation 371 '  are the HVAC system and polar crane. Both systems were 
originall y  seismic Category I and have not been significantly modified I n  
terms of seismic qualification. Therefore , because of the seismic 
qualification of the fire service system, the seismic qualification of 
the elevated HVAC system and polar crane, and the ability to I solate the 
fire service system from outside of the reactor building, dilution of the 
RCS from a failure I n  the fire serv i ce system was not considered credible. 

(4) Prior to the accident.  the spent fuel pool gate area contained a weir 
which regulated water l evels In fuel pools A and B .  After the accident. 
a reinforced stainless steel closure plate was welded to the fuel pool B 
liner , preventing commun i cation between pools A and B .  Because the weld 
I s  on a vertical surface. the probability of Its failure due to the 
collapse of a s e l $ml cally unqualified component Is minimized . However . 
because the seismic qualification of the weld was not demonstrated at the 
time the closure plate was constructed, weld leakage could be postulated 
during a seismic event . Such leakage could result I n  dilution of fuel 
pool A or the refueling canal I f  the transfer tubes were open and could 
not be closed. The probability that the closure plate will fall, given 
that I t  I s  reinforced and welded onto a seismic Category I structure , I s  
considered small. Further, additional failures < e . g  . .  crushed canister s .  
failed fuel transfer system valves> would be required to cause a 
radlonucllde release .  An analysis Is being conducted to as ce rtain 
whether the closure plate will withstand selsm c loads .  If analys i s  
I nd i cates that the e�l stlno barrier between fu�l pools A and B will not 
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�lthstand a design basis ear�hquake, appropriate olant moolflcatlons will 
be made to assure isolation of fuel pool B dur1ng a DBE. ihu>. dilution 
of the RCS. or fuel cool �. due t? :�akage from fuel oool B was not 
oostulated. 

· 

<S> The relative itrengths of non-sels�lc plolng 1ersus t�e :ype Jf ! solation 
barriers that are use� to orevent a dilution �e.g . . globe. �ate 1alves 
�ersus check valves> Indicate that It Is 1ery unlikely that i �ouole 
Isolation barrier will fall In a manner that -t�lil permit inleaoeage Jna 
still leave the non-seismic pipe Intact. 

<6> A detailed analysis to determine whether seismlc a l ' y unquallfi�d 
components have been constructed over any RCS Isolation barriers has not 
been conducted. However. the failure of unqualified compcne cs Is �ucn 
more likely to cause oipe leakage thdn to fall double lsol· on carriers 
In a manner that woula permit a dilution Inflow to occur. 

<7> There are ;everal selsmicailv auallfled maknuo earns from the SHS7 which 
could �rovlde borated water �adl tlon If required to mitigate� 01lutlon 
event. It Is very unlikely that all of these oaths wlll ce �ailed �ue to 
th� effects of "unqualified over ouallfled" cofl'ponents . .  

Based on the aoove considerations. a significant boron Jllutlon of the RCS due 
to a seismic event I; not considered credible. ihus. recrlticality ana 
subsequent RCS steaming cannot be credibly postulated. 

Vessel dralndown 

A tnermal hydraulic and criticality analysis of a complete vessel dralndo�n 
and suosequent refill has been performed CReferences ll:i. 17 > .  The al'lalysls 
used conservative assumptions. for examole. <I> an 1nltlal RCS temoerature of 
120•F for dralndcwn. <II> Initial decay neat of 20 kw. till> amoient 
containment temoerature of 100•F. Clv> conse1 dtlve hedt transfer 
coefficients. cv> core reflood temperatures of IRO•F. lnd Cv1> a conservative 
dralndown rate �hlch maximizes steaming. 

The analysis demonstrated that cri tical i ty would not occur during either 
dralndown or reflood. The ma"<lmum quantity of s:eam r�leasea aunng araindown 
was estimated as less than seven oounds. Thus. reactor �essel stedm'ng ourlng 
a po .�nt l al dralndown would not be ;ignlflcant drl1lng force for �aolcl'lucllde 
movement to the environment. 

3. 1. 2 Potential Source Terms 

Potential radlonucllde source term; thilt could de'leloo •rom 3 seismic event 
are aescrlbed In this section. 

3 .  l .2 .I Reactor Vessel Drail'lec tCo � Inventory> 

Draining of the reactor ves1el �ould e�pose the core to tne containment 
atmosphere. Tne sou,·ce term for an e\posed core >�as de•Jeloued by identifying 
a detailed radlonucllde i nventory from an ORIGEN c�mputer calculation 
<Reference 18> as1umlng decay to August 19R4 and accounting for the �nown 
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raolonucllde re l eases ro �are <Ref!renc� 1�·. Saseo on t�e GRIGEN 
calculation. the following r�dlorucliue; are or ese�t In ; tgnlfl c ant Quantities 
and represent the source term usea In tne anaiJ�Is: 

!SO TOP! �UA_l!_l I l'f _ : �.11 

H-3 5.'3 . � ... ·� 

Co-60 .t.i £.4 
Kr-A5 ?. • 1 £ • .1 
Sr-90 6.: E·5 
�u-106 3. t £.4 
lq- I IOm I .0 E·l 
Sb-125 3.2 £.4 
Cs-134 .. 6 £.4 
Cs -137 1.2 £·5 
Pr-144 �. J E·5 

;')QTC?£ 

:e- i .1.1 
u-.:34 

J-235 
u-.:Ja 
'4o-.:J7 
?u-.:3a 
Pu-239 
Pu-.:40 
?u-241 
.l.m-241 

:_u.: ·;!I..!!_� 1 ) 

- (I 
I ' 
' .-

.l.'j 
2. 7 
:. i 
7. 9 
:.o 
2 . .1 
I .2 
l..: 

E·5 
E·2 
:: •') 
,. . 1:.. I 
E·•J 
E t2 
E·3 
Ed 
E-5 
E·3 

Acc i dent s eauence; tnvol ; inq a oral�ed core could re�ut: !n a1roorn2 
partlcul.ne '!later ial <from e.oosea ccreJ or Jn aerosol release •."rem or alning 
liauto>. rne ;lze dlstr •out • on of core oar t l cu l ates nas ceen cnaracteri:eo 
< Reference 31> �no orov1des t�e oa;ls "or aetermir •ng the a•rborne relea;e 
fractions ur,ed tn Sect ion 3.2. 

3.1.2. 2 coron Dilution 

A boron oi1utl�n event �oulo not significantly Increase the core raoionucl'de 
Inventor; unless ·c r esulted In criticality. From Section 3.1.1..1, a boron 

dilution due t� a setsmlc �vent which causes criticality Is no� crectble. 
Therefore. accident seauences with this source term are.

not analyzeo further. 

3.1.2.3 Core Reconfiguratlon 

A core reconflguration wcJ I O  not s ignificantly Increase the core inventory 
unless 't resulted tn crttlcality. Frcm Section 3.1.1.4, crit i ca lity due to a 
reconfiquratlon from a seismic event Is not cred ible . 7�erefore. ac�ldent 
seauence� with this source are not analyzed furtner. 

3. 1.2. 4 'lCS Inventory 

The current raolonucllde concentration In RCS water Is oreocmlnantly oue to 
cesium \nd Sttontlum. E<oerlence with o•evious operation� within the RCS 
shows that min�, disturbances can 1esu•t In Increased =�ncentrations of a 
se l ect number 0f isotooe�. Refere�ce 20 orovldes a tvolcal source term for 
RCS water :h�t results frcm d1sturoarces w1 thln the Rt�. To dSiute tnat thl� 
analysis �111 bouno RCS condition; throughout �efue!lnq , �ne raaioouclloe 
concentrations ·n Reference �0 were lncreasej bv �factor of £ive. The 
resulting �ource term 1s shown oe'ow. 

· 
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'i-) 
-�.J-60 
5r-JO 
�u-106 
.lq-IIOm 
Stl-125 
C;-134 
Cs-1:!7 
Ce-144 

CO�CEN TR'li I_QN 

i .a 
a.s 

S.J 
t . 6  
7.5 
�.5 
1 .2 
�.5 
5.5 

E-1 
E-1 
E - 1 
[ .. j 
- ., t--
E·O 
E .. o 
E•l 
E .. o 

' uC 1/111 ) :50 TOPE �cs 

1)-: 3.l 
--= 35 
J-� 311 
'lo-.=37 

llo-i 39 
ilu-:38 
?u-239 
Pu-.':·W 
Pu-241 
�m-2:tl 
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Cy�q_NTR�fJ_QN _:!:&1/ml > 

5.5 £-5 
l .S E-'l 
1.2 �-5 
s.s t-• 
3 5 E-3 
2.4 E--5 
J.,;: E-3 
1.1 E-3 
7.0 E-� 
; .0 E-4 

3.1.2.5 Smearaole Contamination <Reactor Building walls, tooling > 

�n estimate for the contamination that could be av1llaole for transocrt Is 
based on the s�e��lble ccntamlna t l on 1n the reactor building. ��lcn Is 
concentra ted orlmarllv 1n the reactor oulldlna basement. Fr;m Reference 21. 
�he• e 1re Joorc•lmJtPty 25.000 Cl of basement activity. �eg l ec ting deeo 
penetr•tlon 1no ua•e11e�t water acti . lt J. Assuming 24 · �eference �nl 's 
smearao1e a�d the i�otCOIC jls:ributlcn 15 sl m l ! ar to t�at at ot her ele1atlons 
vte1d� :ne f?''o�lng source �erm: 

Sr-lO 
jo-1:5 
�-129 
(;-i34 
r:s-137 

A.4 E·O Cl 
1 5 E·O Cl 
3.2 £-4 Ci 
I 5 E-1 Cl 

<1. 5 £ • � •: I 

The sme�rable acti1ity on other R9 surf�.es ana In other ouildings Is smal l In 
comparison ·o this sour·ce. 

3.1.2.6 Oefuellng Canister; 

Berore ioa d tng 1nto tne s�iooing cas�. there Jre three loca tions outside of 
thP reactor :es sel for the defue1lng canisters : <1> In the qs or FHB transfer 
;hleid <2> In the oeeo eno of the refueling canal �nd <3! In fuel cool A. � 
�·ngle defuel1ng canis ter Is transoorted In a transf�r snle1d and contains. on 
1�erage. aoorc�imate1y 1/250 �f the total core material. Current �1an s are 
th.tt the oeeo end :;f the refueling canal will norma ll y :ontain no T.ore than 
ieven defue ll ng canisters at anv time ,Including four f1iter cani�ters for 
DHCS ooerJtlcn and uo to three oefuellng cani,Lers>. rlcwe1�r. the source -�rm 
In the deeo �nd �f tne refuel lnq c�n.t1 45Sume; that all eleven available 
; oaces are occuoied by canis:ers. ihere .tre 252 soaces for :anisters in fuel 
cool �-

•here a·� ·�o Lote�riai �lurce •erm. as;cctated with a Jefuelinq canister : 
<I> the source ter'll duet' th� !'tstlng fuel and f i ss1on orcduct tn ·1entory and 
<2> ' " tncte<�seo ;ou•ce term cue to cnticc1llty. 

Fhe ootent11l ror an increasea sourre te•m Jue to a criticality �as evaluated 
bv consldertnq the folto�inq 
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< 1 >  Each defue l l ng can i ster I n c l udes enough pol son mater i a l  t o  a s sure 
that no s i ng l e  can i s te r  or array of can i s ter s ,  a s  they � I l l  be 
hand l ed and stored d u r i n g  defue l l ng w i l l  have a �. , ,  greater than 
0 . 9 5 .  The ana l ys i s  demons t ra t i ng comp l i ance w i th the � • •  , 
c r i t e r i on used numerous conserva t i ve a s s ump t i ons I nc l ud i ng :  
( I )  batch 3 fuel onl y ,  ( I I >  no so l ub l e  pol son or control mate r i a l , 
< I l l >  o p t i m a l  vol ume fra c t i o n  and moderator dens i ty ,  and 
< l v >  corrrj)l ete f i l l i ng of can i s ter fue l reg i on s  < Reference 22> . 

< 2 >  Hl t h  the excep t i on of a c an i s ter that m�y be I n  transport I n  the 
transfer s h i e l d ,  a l l  other cani s t e r s  are submerged I n  water w i th a 
m i n i mum boron concen tra t i on of 4350 ppm. The can i s ter s torage rac�s 
have been d e s i gned to w i ths tand the l oa d i ngs a s s oc i a t e d  w i th the OBE 
< Reference 2 7 > :  thus , d i re c t  damage to the s tored can i s te r s  due to a 
se i sm i c  event I s  not postu l at e d .  I t  may be oos t u l ated t h a t  one or 
more c a n i s ters I n  the deep end of the refue l i ng canal  or i n  spent 
fuel pool A cou l d  be damaged and the i r  contents recon f i gured due to 
the fa i l ure of s e i smi c a l l y  unqua l i f i e d  components above the 
can i s ters . However , 4350 ppm ha� been shown to a s sure 
subc r l t l ca l l ty for the ent i re cor� fue l  load ln a co" s e r va t l ve 
bound i ng con f i gura t i on <Reference 1 4 > .  Thu s , a boron conce n t r a t ion 
of 4350 ppm w i l l  assure subcr l t l ca l l ty for any sma l l e r  amount of 
fuel mate r i a l  or for fue l In a l e s s  than o p t i m a l  geome t r y .  

< 3> The a c t u a l  boron concentra t i on t h a t  has b e e n  ma i n t a i ned I n  the RCS 
s i nce head 1 1 f t  I s  5050 ppm. I t  I s  p l anned tha t there w i l l  be a n  
opera t i ng boron concentra t i on I n  t h e  refue l i n g  c a n a l  and fue l pool A 
I n  excess of 4350 ppm. Thus , th i s  h i gher boron conc e n t ra t i on 
prov i des an add i t iona l marg i n  of c r i t i ca l i ty safety over that 
prov i ded by the conserv a t i ve ana l ys i s  I n  Reference 1 4 .  

< 4 >  The col l apse o f  the defue l l ng t ro l l ey I nto the dry sec t i on o f  the 
refue l i ng canal  may resu l t  I n  a severe recon f l gu r a t l on of the 
c an i s te r  content s .  Howeve r ,  from the d i s c u s s ion of the boron 
d i l u t i on poten t i a l  I n  Sec t i on 3 . 1 . 1 . 4 ,  there I s  no c r ed i b l e  source 
of unborated water that cou l d  a c t  a s  a moderator for the exposed 
fue l .  From Reference 2 3 ,  c r i t i c a l i ty I s  not pos s i b l e  for 
unmoderated u r a n i um conta i n i n g  l e s s  than about 5 we i gh t  percent 
U-235. 

< 5 >  A des i gn bas i s  earthquake cou l d  be pos t u l ated to cause l eakage of 
the c l osure p l ate separa t i ng fuel poo l s  A and B. resu l t i ng I n  
d i l ut i on of pool A wa t e r .  T h i s e·1ent ( wh i ch wou l d  be a concern on l y  
I f  cani s ters were damaged I n  a manner that wou l d  expose fue l >  was 
not con s i dered cred i b l e ,  a s  d i scus sed I n  Sec t i on 3 . 1 .  1 . 4 < I tem < 4 > , 
boron d 1 1  u t I  on > .  

< 6 >  The col l apse of the defue l l ng tro l l ey or other s e i smi c a l l y 
unqua l i f i ed equ i pment cou l d  be pos tu l a ted to damage the l i ner I n  the 
refue l i ng canal  or I n  the spent fuel pool res u l t i ng i n  a l os s  of 
borated wa t e r .  Undamaged c an i s ters wou l d  s t i l l  conta i n  wa t e r  
borated t o  a t  l e a s t  4350 ppm and dewatered can i s ters wou l d  have no 
moderator . I t  cou l d  be pos t u l a ted that some can i s te r s  wou l d  be 
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damaged resu l t i ng I n  exposed fue l .  The a n a l yses prov i ded I n  
References 1 6  and 1 7  demon s t r a ted that cr i t i ca l i ty wou l d  not occur 
g iven a conserva t i ve ana l ys i s  of dral ndown in the reactor vesse l .  
Thu s .  by compar i son to the ana l ys i s  of v e s s e l  d r a l ndown , the 
c r i t i ca l i ty of e i ther I nt a c t  or damaged c an i s te r s  due to a pool 
d r a l ndown I s  not con s i dered cred i b l e  g i ven the can i s ter separa t ion , 
the presence of add i t iona l pol son mate r i a l  I n  each can i s te r ,  and the 
l ack of moderato r .  

Thu s . c r i t i ca l i ty was not cons i dered a credi b l e  mecha n i sm for genera t i ng a n  
I ncreased source term for . a  defue l i ng c an i s te r .  The defue l l ng can i s ter source 
term I s  due to the e x i s t i ng radlonuc i l de I nventory and I s  defi ned b e l o w :  

< 1 >  One percent of the core rad l onuc l l de I nventory a s  spec i f i ed i n  
Sec t i on 3 . 1 . 2 . 1  I s  a s sumed to be the source term for each can i s tPr 
I nvol ved In pos t u l a ted a c c i dent s . T h i s  represents the ma x i mum 
l oa d i n g  of any c an i s ter type , as spec i f i ed I n  Reference 1. 

< 2 >  The form of the core mater i a l  I n  the three types of defue l l n g  
c an i s ters d i ffer s .  The fuel �an l ster I s  des i gned for b u l k  core 
mate r i a l s .  The knockout c a n i s ter I s  d e s i gned for debr i s  rang i ng I n  
s i ze from 1 40 llm t o  who l e  fue l pe l l e t s .  The f i l te r  can i s ter I s  
des i gned to remove sma l l debr i s  and par t i cu l ates down to 0 . 5  �Jm . 
A c c i dent sequences I nvol v i ng a s i ng l e  c an i s ter were a s s umed to 
I nvol ve a f i l ter car. l s ter , w h i c h  w i l l  have the l arge s t  amount of 
sma l l  par t i c u l a t e s � A c c i dent sequences I nvol v i ng mu l t i p l e  can i s te r s  
are a s s umed t o  have an average d i s t r i bu t i on of core fragment s i ze s . 

3 . 1 . 2 . 7  Sumps 

Reactor Bu i l d i ng 

There are approx i ma te l y  2 0 , 000 g a l l on� of water curren t l y  I n  the RB baseme n t .  
The mo s t  recent samp l e  was taken I n  November 1 98 4 .  To d e f i n e  a source term 
for the RB basement that w i l l  bound future ac t i v i t i e s .  the rad l onuc l l de 
concent r a t i o n s  I n  the November 1 984 samp l e  were i ncreased by a factor of f i ve 
and the amount of basement water was assumed to be the 1 00 , 000 ga l l on 
admi n i s t ra t i ve l i m i t .  

H - 3  
Sr-90 
Cs- 1 34 
Cs- 1 37 

0 . 1 5  I!C l lml 
8 . 0  IJC I /ml 
1 . 1  !J(I /m l  
2 4 . 5  !J(I /m l  

The I nventory I n  the R B  sump I ts e l f  I s  about 8000 ga l l on s  wh i ch poten t i a l l y  
has a h i gher rad l onuc l l de concen tra t i on than the b u l k  of the water I n  the RB 
basement. The sump I nventory w i l l  be pumped ou t pr i or to s l udge remov a l  from 
the sump. The RB sump I nventory e s t i mate from Reference 3 7 ,  wh i ch i s  not 
expected to be exceeded d u r i n g  defue l l n g ,  I s  a s s umed to be the l i m i t i ng source 
term for l i q u i d waste d i sposa l <HDL> system proce s s i ng .  The source term I s :  

H-3 
Sr-90 
Cs- 1 34 
Cs- 1 37 

1 . 0  EtO �JC I / m l  
6 . 1  E t O  IJC I / m l  
6 . 2  EtO �JC I /ml 
9 .  6 E � I �JC II m I 
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A u � l l�_u..!_l d i ng 

Contami nated wa t e r  potent i a l l y  e n t e r s  the au x i l i ary bu i l d i ng sump from 
numerous was te proces s i ng and c l eanup source s .  The mo s t  contam i na ted wa t e r  
source to the au� l l i a ry bu i l d i n g  sump through defue l l ng I s  e • pect�d t o  be t h e  
M i s c e l l aneous Was te Ho l dup Tank . To d e f i n e  the source term for t h i s ana l ys i s ,  
the h i gh e s t  recent MWHT a c t i v i ty < samp l e  No . 85-0 1 89 1 : Feb . 22 . 1 98 5 >  was 
I nc reased by a fac tor of f i v e .  Tne vol ume I n  the sump was a s sumed to 
corre spond to th� adm i n i s t ra t i ve l i m i t  of 9000 ga l l on s .  The resu l t i ng source 
term I s :  

Other 2.!!mQ? 

H-3 
Co-60 
Sr-90 
Ru- 106 
Ag- I I Om 

2 . 1  E+O vC I Iml 
2 . 1  E-2 IJ( l /m l  
1 . 2  E • O  1-1Ci /ml 
2 . 4  E - 1  IJC i /m l  
2 E - 2  vC I /m l  

Sb- 1 2 5  
C s- 1 34 
C s - 1 37 
Ce- 1 44 

. 5  E - 1  vCi /ml 
. 9  E - 1  IJ( i /m l  

7 . 0  E.O 11C l /m l  
2 . 1  E - 1  IJ( I /m l  

There a r e  other sumps I n  t h e  p l an t  t h a t  may have Svfl'e l ev e l  o f  contami n a t i o n .  
Howev e r , the source terns for the r e :c tor and aux i l i a ry bu i l d i ng sumps bound 
rad l onuc l l de I nventory i n  other sump s . 

3 . 1 . 2 . 8  SDS System 

b2ner / F i ! te!} 

The subme· ged dem i nera l i ze r  sys tem < SDS > l i ne r s  and f i l te r s  are l ocated I n  
Fue l Pool B .  f n  th� pas t .  the SDS l i ners  have been loaded a s  h i gh a ;  
6 0 , 000 C i  o f  C s - 1 3 7 < 1 5) , 000 total  c ur i e s > .  These l i ners  have been s h i pped 
off s l te to DOE fac i l i t i e s  for d i spos i t i o n .  Current and future oper a t i on s  are 
expec ted to r e su l t  in l i ne r  l oad i ng s  l e s s  than 5000 Ci Typ i c a l  current l i ner 
and f i l te r  load i ng s  �re prov i ded b e l o w .  For ana l y s i s  purpose s ,  seque n c e s  
I nvol v i ng a pos t u l a te d  source t e r m  from a s i ng l e  SDS l i ner or f i l t e r  were 
a s sumed to have 10 t i mes the typ i ca l  load i ng s  shown b e l o w :  each l l n�r � 3 s  
a s sumed t o  have t h e  t yp i c a l  <or average > l oa d i ng shown be l ow i f  a pos tu l a ted 
source term I nvol ved mu l t l o l e  l l ne 1  s .  

�� ACT I V I T.Y... i01. 

ISOTOPE SAND F f L T E R  CUNO F I LTE.R ZEOL I T E  L I N E R  

H - 3  neg l i g i b l e  neg I i g i b l e  2 . 7  E - 3  
Co-60 3 . 3  E - 1  3 . 9  E - 3  3 . 0  E - 1  
Sr-90 38•1 .  4 8 . 4  4 32 . 8  
Ru- 1 06 2 . 3  2 . 8  E-2 8 . 9  
Ag- 1 1 0m neg!  i g i b 1 e  neg1  i g i b 1 e  4 . 5  E - 1  
Sb- 1 2 5  9 . 0  3 . 3  E - 2  2 . 7  
I - 1 2 9  neg I i g i b l e  negl i g i b l e  2 . 3  E - 5  
C s- 1 34 36 . 9  1 . 6 46 . 1  
C s - 1 3 7 3 30 . 2  1 5 . 8  1 032 . 2  
Ce 1 44 8 . 7  E - 1  3 . 9  E - 2  4 . 3  
U-234 4 . 8  E - 5  1 . 1  E - 5  8 . 9  E - 6  
U-235 8 . 0  E - 7  6 . 6  E - 8  5 . 8  E - 7  
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ISOTOPE 

U-236 
U-238 
Np-237 
Pu-238 
Pu-239 
Pu-240 
P u - 2 4 1  
Pu-242 
;m-24 1  
Cm-242 
Cm-.:!44 

TOTAL 

Proc e s s  f l ow 

iQ.S �C T I  'J I Jl. J.ill 

SAI�Q_£ !l!_E R _ -- ·  CU!IO F I l TER 

l . 5 
I . I  
J . il  
: .  1 ) -_ . )  
lj , J  
4 .  7 
F, . i  
6 . 4  
� • IJ 
3 . 3  

l 46 6 .  I 

E-6 
E-5 
E - 7  
E - 6  
E - 5  
£ - 6  
E-4 
E- 1 0  
f -4 
E - 6  
E-7 

3 . 5  £-7 
;. . 7 E-6 
1 .1 E - 7  
1) . 2  £-5 
o . 6  E-4 
1 . 7  E-4 
1 .  2 E-2 
i .  7 E-8 
') . 5  E - 5  
1 . 1  E-6 

_1_. 0  E-7 

6 3 . 4  

4430- 7322-85- 1 

! E Q!:l.!l._ L_I N E R 

neg l i g i b l e  
1 . 2 E-6 

neg I i g i b l e  
I .  5 E - 5  
1 . 7  E-5 
4 . 6  E-6 
2 . 2  E - 3  

1 e g l  i g i bl e  
1 . 6  E - 5  
9 . 9  E-9 

1egl lgl b l e  

2 9 5 1  . 2  

The rad l onuc l i de conc e n t r a t ion ! n  the SOS proce s s  l i n � s  'l a r l es accord i ng to 
the proces s  source . e . g . , �CS , sump s ,  MU&P s y s tem.  T h e s e  concen t � a t ions are 
spec i f i ed i n  the d e sc r l o r i on of the resoe c t i ve sourc e s . The ma • i mum SDS 
oroces s i ng r a te t s  1 5  gpm.  � rel e a s e  from the proc e s s  s t ream to the a i r  I s  
pos tu l a ted tnrough the above-wa ter p i e i ng I n  t h e  fue l hand l i ng bu i l d i n g .  

3 . 1 . 2 . 9  MU&P Svs tem 

The ma11. e u p  ana pur i f l c a t l on s y s tem acm i ne .... a l l ze r s  are s e t s m i c  Category I 
vesse l s  noused i n  Category I cub i c l e s .  No pos t-acc i d e n t  hardware 
mod i f i c a t i on s  have oeen made :o those c u u i c l es w i t h  the e�cep t i on of i n s e r t i on 
of a one-na i f  l ncn t ygon tuoe througn the 3" r e s i n  f i l l  l i ne i n  e a c h  
aem i ne r a l i ze r .  Th i s  1100 i f l ca t lon wou l d  not comprom i se the struc tura l 
i n tegr i ty of these de1li ne•·a l i ze r" s  o u n n g  a s e i s m i c  even t .  Thu s . a source term 
frcm the MU&P s y s tem Decauie of tne s tr u c t u r a l  fa i l ure of the demi neral l ze r s  
dur i ng a s e i sm i c  e v e n t  i s  not postul a ted . 

E 1 u t i  Q_n_f I o� 

Cl eanuo of the MU�P dem l neral l ze r s  u s e s  an e l u t i on proc e s s  �hose oath i s  from 
the de� i nera l l ze r s  to the neutral i ze r  t a n�s and then to SOS . Some of the 
o ! p l n g  I s  non- s e i sm i ca l l y  des i gned The source term a s s umeo for the 
consequence ana l ys i s  I s  tne ma� t mum Cs conc e n t r" a t i on from the MU�P SE� for 
r i nse and el u t i on < Reference 2 5 >  and conce n t r a t ions of other rad l on u c l l de s  
c a l c ula ted from a recent neJtra l i zer tank sampl e < Samp l e  84- 1 2 9 1 5 :  Oc t .  1 9 ,  
1 98 4 >  res u l t s .  

1 6  vf 39 •)60 1 <  RA 
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Sr-90 
Cs-1 34 
Cs- 1 37 
A l l U 
A l l Pu 
A l l  I 

8 . 1  �CIIml 
3 . 1 �CIIml 
65 �CI/ml 
2 ll 1 0 - '  J!CI/ml 
1 0 - '  �CI /ml 
1 0 - • �CI Im l  

4430-7322-85-1 

The system f l ow rate Is 5 gpm to the neutra l i zer tanks; f l o� from the 
neutra l i zer tanks to SDS may be up to I S  gpm. 

Res i n  S l u i c i ng 

The use of a s l u i c i n g  proce s s  I s  p l anned for remov i ng contami nated MU&P 
res i n s .  F i na l  deta i l s  of the operat ion have not yet been dev e l oped. 
Bas i ca l l y ,  however, the operation wi l l  I nvo l ve s l uic i ng the res i n  from the 
MU&P demlnera l l zers to the spent res i n  tanks where I t  w i l l  be proces sed for 
u l t i mate d i spos i ti on .  The source term for the process was deve l oped from a 
samp l e  of the res i n  p r i or to the start of MU&P e l ut i on < Reference 36>. For 
th i s  anal y s i s, the source term assumes d i l ut i ng the sol i d  res i n  I n  a 20 to I 
rat i o  < rati o  used for the res t "  e l ution process> and proce s s i ng the m i xture at 
50 gpm. The re s u l t i ng source term for the s l u i c i ng process I s :  

ISOTOPE 

Co-60 
Sr-90 
Sb-125 
Cs-134 
Cs-137 
Ce- 1 44 
U-234 
U-2:!5 

CONCENTRATION <�CI/m l >  

9 . 4  E-2 
I . 9  E • l  
3 . 5  E - 1  
3 . 0  E + l  
4 . 3  E+2 
4 . 7  E - 1  
6 . 2  E-5 
2 . 1  E-6 

3 . 1 . 2 . 1 0 Contami nated Waste Stora�e 

Reactor bui l d i ng 

I SOTOPE 

U-236 
U-238 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

CONCENTRATION <�C I /m l >  

3 . 7  E-6 
1 . 5  E-5 
8 . 4  E-4 
5 .  5 E-3 
1. 7 E-3 
1 . 4  E - 1  
1 . 9  E-7 

There are two de s i gnated waste storage areas In the reactor b u i l d i ng .  One I s  
located on the 305' e l evation near the personnel a i rlock;  the other I s  l ocated 
on the 347 '  e l evation adjacent to the enc l osed stairwe l l . The maximum 
mate r i a l  I n  each area I s  about 6000 l bs .  w i th an I sotopi c  I nventory of 
2 . 0  E-1 Cl of Cs- 1 3 7 .  8 E-3 Cl of Cs- 1 34 and 8 E-3 Cl of Sr-90 < Reference 2 > .  

AFHB/Ventl l at l on F i l ters 

There I s  a max i mum capac i ty of about 22 .000 l bs of contam i nated waste storage 
in the aux i l i ary and fue l hand l i ng b u i l d i ng s .  Th i s  corresponds to about 2 5  
drums and s i x  LSA boxes of compacted waste p l u s  two 50 ft ' storage b i n s .  A 
complete HEPA vent i l at i on f i l te r  bank wou l d  occupy about four LSA box e s :  I t  I s  
assumed that four boxes are occupied by the equl vai ent of the recentl y  
character i zed "8" tra i n of the reactor bu i l d i n g  HVAC system. < The B tra i n  had 
been characteri zed because of I ts re l at i v e l y h i gh acti v i ty. > The rema i n i ng 
rad trash storage act i v i ty has a typ i ca l  concentratlcn of 6 . 3  �C I / l bm .  For 
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conserv a t i sm.  the source term a s sumed for the AFHB wa s t e  s torage a r e a  
< I nc l ud i ng ven t i l a t ion f i l te r s >  I s  f i ve t 1 mes the rad l onuc l l de i nventory 
a s soc i a ted w i t h  the ma ( l mum capa c i ty desc r i be d  abov e .  The source term I s :  
1 . 4 C l  of Cs- 1 3 7 ,  7 E-2 C i  of Cs - 1 34 and 7 E-2 C l  of Sr-90. 

Respi ra tor & Laundry F ac i l i ty 

The source term for the Reso l ra tor ana Laundry Fac i l i ty i s  based on the annual  
I nven tory wh i ch I s  s h i pped frcm that  f ac i l i ty . I t  I s  conse rva t i ve l y a s sumed 
that 1 01 of the annua l I nventory wou l d  be located I n  that  bu i l di ng at one 
t i me .  The 1 984 I nventory of 5000 con ta i ne r s  of LSA represented aoorox l ma te l y  
0 . 66 C l ; l Ot of that i nventory i s  0 . 07 C l  wh i ch I s  a s sumed to ha ve the same 
I sotop i c  makeup a s  AFHB rJd trash . The resu l t i ng source term i s  3 . 1  E - 2  Cl of 
Cs- 1 3 7 ,  2 E-3 Cl of Cs- 1 34 and 2 E - 3  Cl of Sr-90. 

3 . 1 . 2 . 1 1  EP ICOR System 

L i ners 

The h i ghes t l oad i ng of an EPICOR l i ner curren t l y  on-s i te I s  l e s s  than 20 C l . 
Howeve r .  GPUN I s  cons i de r i ng reques t i ng approval of the use of h i gh I n tegr i ty 
contai ner < H IC >  oroces s i ng vesse l s  I n  the E P ICOR s ys t em , �h l ch wou l d  a l low 
s i gn i f i cant l y  h i gher cur i e  l oa d i ngs of the EPICOR l i ners .  To def i ne a source 
term for th i s  ana l ys i s .  the h i qhe s t  E P I COR pref i l te r  load i ng ( Pr ef i l ter 1 6 ,  
Reference 38 > wa s used to bouno pos s i b l e  future I n c l u s ion o f  h i gh i n teg r i ty 
con ta i ne r s  I n  the EP ICOR sys tem . C E P I COR pref l l ters were con s i dered abnormal 
wa s t e  w i th a c t i v i t i e s  too h i gh to perm i t  comrre r c l a l  d i sposa l .  Thus , a 
pref i l ter I nven tory w i l l  e ,c eed the e < pected l oad i ngs I n  an E P ICOR H I C  wh i c h  
w i l l  b e  d i sposed o f  commerc i a l l y . > The bound i n g  source term for a n  E P I COR 
l i ner I ; :  

I so tope 

Co-60 
Sr-90 
Ru- 1 06 
Ag- l l Om 
Sb- 1 2 5  
C s - 1 34 
C s - 1 37 
Ce- 1 4 4  

Aqi v l  ty < C I  > 

l . 7 E - 1  
3 . 0  E� I 
3 . 0  [ . J  
4 . 5  E - 1  
1 . 9 EtO 
9 . 4  E � l  
9 . 5  E ·2 
6 . 2  E - !  

!1_<!_tOM � c t l v l tj < C I > 

U - 2 3 4  3 . 4  E - 5  
U-235 I .  3 E - 6  
U-238 7 . -l  E - 6  
Pu-2 38 2 . 2  E - 6  
Pu-239 2 . 6  E-5 
Pu-240 ') . 4  E - 6  
Pu-241 4 . 1  E - 4  
Am-241 1 . 6 E - 5 
Cm-242 7 . 'J  E-8 

The EPICOR l l ne ri are s i tuated w i t h i n  a c y l i ndr i cal conc r e t e  cas� wn i ch I s  
s u r rounded by a l eao b r i r� wa l l :  The top

.
of the l i ne r  I s  covered w i t h  a 

portab l e  l ead sh l e l c  -1no ct -; tee l l i d .  The founda t ion o f  the chem i ca l  c l ea n i ng 
bu i l d i ng ,  p r i ma r 1  cc�crete �a i l s  and s tr u c t u r a l  stee l frame dre des 1 gned to 
s e l sm 1 c  Ca tegory £ < Reference 2 6 > .  Thu s .  rupture of the l i ne r ;  1 n  the i r  
preces s i ng pos i t ion oue to a �e l sm i c  event was not con s i dered c re d i b l e .  The 
source term for the l i ne r  &a l l ure I s  due to the postu l a ted jroo and rupture of 
a s i ng l e  l i ne r fr•)m the monora i l  ,s tem w h i l e  In t r ans i t . 
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F i lters 

There are four ma i n  f i l ters current l y  used I n  the EPICOR sys t � m :  < I >  a 
downs tream crud f i l ter wh i ch cou l d  accumulate a concentration of coba l t  and 
< I I )  three downs tream f i l te r s  � h l c h  are des i gned for res i n  ca1 ture I n  the 
event of a l i ner failure . Samp l e s  of the rrud f i l ter I nd i ca�� no cobalt 
bu i l dup. Thus , the EPICOR f i l ters do not present a s l gn l f i �an t source term.  

Process f l o� 

The EPICOR system I s  current l y  used o r 1 mar l l ) as a po l i s h i ng system for the 
SOS . Future operat ion s  may al l ow for d i rect f l ow to EPICOR from several 
contaminated source s .  The radlonucllde concentrat i on In the EPICOR proces s  
l i nes var i es accor d i n g  to the process source . For th i s  analys i s ,  the h i gh e s t  
process sources were assumed; these sources are t h e  bound i ng RB basement and 
aux i l i ary bui l d i ng sump terms deve l oped I n  Sec t i on 3. 1 . 2 . 7. 

The EPICOR l i qu i d  l i ne break I s  pos t u l ated to occur d i re c t l y  to atmosphere 
s i nce tne upper wal l s  and roof of the EPICOR bui l d i ng are not qua l i f ied 
s e i sm i c  Category I .  The EP I COR system f l ow rate I s  1 0  gpm. 

3. 1 . 2 . 1 2  Radwaste Systems 

Liqu i d  waste d i sposal < WOL> sys tem 

The HOL system I s  a pre-ac c i dent sys tem and was or i g i na l ly qual i f i ed to 
s e i s m i c  Category I .  However , a detai l ed ana l ysl1 has not been conducted to 
determine I f  a s e i s m i c  Category I component fai l ure due to the &al l ure of a 
non-se i s m i ca l l y  qual i fi ed component I s  cred i b l e .  Thus , l eakage from that 
system Is pos t u l ated u s i ng the l i q u i d  source term deve l oped In Sec t ion 3 . 1 . 2 . 7  
for the R B  sump. 

Sol i d  waste d i sposal < HDS> sys tem 

The major source terms that wi l l  be associated wi t h  the sol i d  waste d i sposal 
system w i ll be due to the use of HDS system p i p i n g  for MU&P res i n  s l u i c i ng and 
for radioac t i ve s ; u 1ge proc e s s i n g .  The MU&P res i n  s l u i c i ng opera t i on was 
desc r i bed I n  Sec t ion 3 . 1 . 2 . 9 .  The source term for s l udge process i ng Is baseo 
on RB basement s l udge samp l e  res u l t s  I n  Reference 37. It was as sumed that the 
s l udge I s  mi xed wi th s l u i ce water In a 20 to I rat i o  <as I s  done during MU&P 
e l u t ion>. The resul t i ng source term i s :  

Radlonu c l lde 

Co-60 
Sr-90 
Ru- 1 06 
Sb- 1 2 5  
I - 1 29 
Cs- 1 34 

The process 

Concentration < �C I /m l �  

7 . 6  E-2 
1 . 1  E+2 
1 . 1  E+O 
1 . 6 E+O 
1 . 5 E-3 
3 . 0  E. l 

Radlonuc l l de 

Cs- 1 37 
Ce- 1 44 
U-235 
Other U 
A l l  Pu 

f l ow rate I s  assumed to be 50 gpm. 
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Concentration <�C I /ml> 

3 . 4  E+2 
2 . 5  E+O 
1 . 9 E-4 
5 . 0  E-5 
1 . 6 E-2 

060 1 �  RA 



4430-7322-85 - 1  

�seous wa s te d i soos a l  < �DG> s v s tem 

�c t i v i ty l e ve l s  from the gaseous waste o l ioosa l  S J S tem � �QG> �r� neg l i g i b l e  I n 
compar i son to the poten t i a l  a i roor"r� .-e l ea ; e s  fr"om the ��DL ana :·lOS S,lstems . 

3 .  1 . 2 . 1 3  owe Sys tem 

Proce s s  f low 

The defue l l ng water c l e3nuo s y s tem w i l l proc e s s  �CS . refue l i ng c a na l .  and/or 
fuel  pool water through t on e ( cnangers Jno f i l te r s . T11e l i m i t i ng source term 
for a o.-oce s s  f low l eakage i s  oue to ReS oroc es s l ng . qao l onuc l 1 de 
concentra t i on s  for tne RCS are orov l deo ' n  S e c t i on 3 . 1 . � . a . �rocess f l ow from 
the RCS I s  a ma� l mum of 400 gpm.  9ra i nage from the RCS :hrougn a oroke n l i ne 
by a func t i on i ng owes pumo i s  l i m i ted to 3000 ga l l on s oy tne e l ev a t ion of the 
a n t l - sypnon i ng ho l e s  1 n  the suc t ion l i ne ! Reference 34 1 .  Re l ea s e s  are 
pos tu l a t ed to reac tor ou l l d l ng a i r .  

L l  ners /f i  I t�rj 

There w i l l  be four f i l t�r c a n i sters  i n  the deep �nd of tne refue l i ng cana l 
o�n i ch are to be used for OHCS oroces ; 1 ng of the · � 5 :  the··e a r e  ;t l so four 
c a n i sters I n  fue l pool A p l anned for OWeS c l ea n u p  of fuel  oool A ana the 
refue l i ng cana l .  ·ne scurce term a s soc i a ted w i th these can i s te r s  i s  as 
d e f i ned I n  Sec t i on 3 . 1 . 2 . 6 .  There are o l ann ed to be three ion e 'c hange rs for 
DHCS proces s i ng lccated i n  :he 110r thwes t  area of the rue l Ha no l i n g Bu l l c l n g .  
The i r  l oad i ng I s  a s sumeo to b e  : � e  same a s  the cbserved l oad i ng for a n  SOS 
l i ner { a ppro · l ma te l y  3000 : 1 >  �oec 1 f l eo 1 n  Sec t i on 3 . 1 . 2 . 8 .  

3 . 1 . 2 . 1 4  I I F  Proc e s ; i ng 

Proces s i ng from the I n te r n a l s  l ,ae � l ng f 1 ( tur� < ! I F >  through the 50S may be 
r e p l aced by owes oroce s s i n g for oefue t l ng . Poten t i a l  Owes proce s s i ng .-ates 
e • ceed those useo i n  £ I F  proce s i i n q .  The source term a s soc i a ted w i th I I F  
proce s s i ng I s  the RCS source term l de� t l f l ed I n  S e c t ion 3 . 1 . 2 . 4 .  

3 . 1 . 2 . 1 5  I n t e r i m  Sol i d  �a s t e  S t a g i n g  Fac l l l t; < l SWSFl 

The ma • l mum I nventory of low l e 1�1 �aste s tored I n  the ISHSF i s  10Pro � l m a te l y  
e i gh t  hundred 55 ga l l on a rums . � t r e t y  LSA bo�es . anj ; l � ty 5� �t ' l i ners . 
T�e sou rce term ta�eo from Reference 29 I s :  

>r-91) 
: ; - 1 34 
: s - 1 37 

� . 1  C l  
3 . 9  C i  

8 1  C l  

3 . 1 . 2 . 1 6 Sol i d  �� � · e  S torage 6u 1 l o l ng 

The Sol l li Wa s te Storage Su l l d l nq C " oa l n t  ;hed ' )  onta l n s  ;ma l l  amou n t s  of l ow 
spec i f i c  a c t i v i t y rad�a s te :  the�e are no P l ans to s i gn l f i c �n t l y  I ncrease the 
radwa s tP s tored I n  thi s bu i l d i ng .  An e s t i ma te of tra n spor t a b l e  rad l onuc l l de 
contam i n a t ion I n  the bu i ! J i n g  I ;  orov t oed I n  Re ference 30 . I n  tnat  a na l y s i s .  
a r e l e � � e  frac t ion of 1 0  ' � a >  l S Sumed due to poten t i a l combu s t i on of 
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f l amma b l e s  t n  t h a t  bu i l d i ng .  The re su l � � of the ana l ys i s  i nd i ca e �  t h a t  
poten t i a l  doses a r e  I n s i gn i f i ca n t  comocHed to aos e s  from other pos t u l a ted 
a c c i de n t s  In th i s  reaor't . !"hu s .  no furtne o �na l ys l '>  of : h i s  svurc� term was 
Performe d .  

3 . i . 2 . 1 7  Sol i d Has t e  S t ag i ng F a c i l i ty < SWSF >  

The Sol i d  Nas te S ta g i ng Fac i l i ty I s  a p a s s i ve fac i l i t y for :e11Pv t :> • y  Hag l n g  
' r  wa s te pr ior t o  u l t i mate o i ;oos l t l on .  ihe fa c i l i ty I s  �cmcosej of conc re te 
modu l ar s t ructures < two noa u l e s  cu r re n t l v e � i s t l :  eacn moou l e  i s o a r t i t i onea 
I n to 60 ce l l s wn l ch may neuse v a r i ou s  au�n t l t l e s  of was te .  7ne sumo 
compa rtment I s  se i smi c a l l y  aua l l f l e d .  There I s  e s se n t i a l l y  r.o comous t l b l e 
ma te r i a l  I n  the SHS F .  7he source term �or th i s a na l ys t ;  a s s umes carnage to the 
SHSF from the DBE wh i c h  r e su l t s ! n  e�oosure of 10 SDS l i ne r s  to the 
a tmos phe re . The raa l onuc l i oe I nventory for an SDS l i ner .. a ;  orov i ded I n  
Sec t i on 3 . 1 . 2 . 8 .  

3 . 1 . 2 .  1 8  Proces;ea ��ater Sys tem 

The source of �ater I n  the pr�c e s sed water s:orage and recyc ' e  s y s te� l s  two 
500. 000 g a l lon proce-seo wa : e r  s torage tan�s < PWSTs > .  Tan� ma�euo ' ' the 
e f f l u e n t  from the E? ICGR s y s t e m :  thus rao l onuc l i de con c e n t r a t i o n s  i n  the PHSTs 
are genera l l y much l e s s  than water en ter i ng EPICOR. The cn l y  e 'c e o t l on to 
th i s  I s  the concen tra t i on of t r i t i um wn l ch I ;  ne t removeo b1 EPICOR. Recent 
samp l e s  < De c .  3 1 . 1 984> I nd i ca t e  a tr i t i um concent ra t i on cf· about 0 . 5  �C I /m l  
I n  e a c h  tank . Tn l s  concen t r a t i on I s  not e xoec ted to oe �(ceedec d u r i ng the 
defue l l ng proc e s s  ana . thu s .  r e o r e s e n t s  the PWST source term for :n i s  ana l y s i s . 

3 . 2  Se l sm t c  Induced Acc i dent Sequences and �s svc ! a ted C0n seauenc e s  

I n  th i s  sec t i o n .  : h e  ooten t i a l  a c c i de n t  sequences a s soc 1 a ted w i t� 1 s e i sm i c 
e v e n t  are s umma• l :eo and tabu l a ted as T a b l e  3 . 1 .  I n  some e a s e L  a c c i de n t  
sequences n a v e  oeen oos t u l a ted b e c a u s e  an a na l y s i s  of th e ccten t i a i  mecna n ! sm 
ha s  not been oerforme o .  < For e v amo l e .  the QOStu l a t i on of 3 e l sm i c c a tegory I 

componen t f a i l u r e  oecause of oos s i b l e  effec ts of non - se i s m l ca l l v  qua l i f i ed 
component s . > The cJns eauence s of t h e  POten t i a l  a c c l oe n t  seauen� e s  nave oeen 
e s t l ma teo u s i ng the �etnods ana dose con�e r s l on f d c to r s  soec t f i ed i �  
Regu l a tory Gu i de · . 1 G 9 .  'lUREG-0 1 7 2 .  an d  Regu l a tort Gu i ·Je l . .l .  TI'Je 11a]o• 
a s sumo t i o n s  used ! n  the ·::mselluence c a l cu l a t i on are summar t zeo o e i ow :  

< 1 >  Two nour acse s  a t  the � l te �ound a r 1  �ere c a l cu l a ted for octen t i a l  
.l i rbo•·ne ··e l e a se s .  ·o conse r 1 a t l ve l v  e s t imate t h e  offs i te dos e .  �he 
•)- 1  hour f t f � h  oercel'l t l l e  10 of 6 .  i < 10 • ; e c l m :  frc.fll 
lppeno l x  20 of the JM I - Z  cs�R �a s u s e � . Doses �ere c � l c u l a teo foo 
the acoi e s cent age �roup �h t ch gene ra ' l f I s  the na < l T>um dose 
receptor fer :�e r a J i cnuc i l oe s  of t n t�re s t a t  TM I - 2 .  

< 2 >  rrgan dose conver � t on f a c tJrs �ere a s  soec i f i ed I n  �equ l a tory Gu i de 
1 . 1 09 :  for r a o t onuc l l de s  not con s l oereo i n  �G 1 . 1 0 9 .  �UREG-0 1 72 dose 
conve r s i on factor� we re useo . Bec a u s e  Jf the c u r r e n t  r a d i onuc l l de 
I nventory . the bone was con s i dered as tne c r l : l ca l  orga n . The dose 
to th i s  organ was c a 1 c u l a teo and o r e s e n t e d  In Tab l e 3 . 1 .  The 
brea th i ng rate of 1 . 2  m 1 / h r  was a ;  ;pec l f l ed In  Regu l a tor / Gu i de 
1 . 4 < Reference 2 4 > . 
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< 3> I n s i gh t s  from NUREG/CR-3535 < Reference 35> and ICRP 26 <Reference 6> 
were used to assess  the s i gn i f i cance of the c a l cul ated bone doses . 
Spec i f i ca l l y ,  NUREG/CR-3535 repor t s  s i gn i f i ca n t l y  h i gher dose 
convers i on factors for the bone surface than other organs ,  Inc l ud i ng 
bone marrow : ICRP 2 6  prov i de s  equ i va l ent r i sk we i gh t i ng factors for 
bone surface and thyro i d .  Thu s . the IOCFR Part 100 organ < thyro i d )  
dose l i mi ta t i on I s  assumed t o  b e  app l i ca b l e  for s i tua t i ons I n  wh i ch 
the bone Is the cr i t i ca l  organ. 

<4> Re l eases to the envi ronment were a s sumed to be unfi l tered. 
Depos i ti on of a i rborne ac t i v i ty on wal l s  and surfaces was neg l ected. 

< 5> For acc i dent sequences Invol v i ng sprayi ng l i q u i d s  or pot� n t l a l  l eak� 
under pres sure , the fraction of l i qu i d  l eak i ng from the system that 
cou l d  become a i rborne as a transportab l e  l i q u i d  aerosol was 
conservat i v e l y  assumed to be 1 0 _ , < Reference 10> . 

< 6> For acc i dent sequences Invo l v i ng l i qu i d  spi l l s .  the fra c t ion of 
l i qu i d  tha t cou l d  become a transpor tab l e  l i q u i d  aerosol was 
conserva t i v e l y  assumed to be t o - �  < Reference 1 0> .  

< 7> For a c c i dent sequences Invo l v i ng s tand i ng l i q u i d  pool s that may be 
subject to a wave ac t i on from the s e i s m i c  even t ,  the a i rborne 
re l ease fra c t ion Is conserva t i v e l y  a s s umed to be 3 x t o - s  Th i s  
v a l ue Is the max i mum a i rborne re l ease fra c t i on measured I 
experi ments wi t h  a 1 meter l i qu i d  free fal l <Reference 10 

< 8> Some pos t u l a ted acc i dents resu l t  In par t i c u l ate mater i a l  t � l ng 
uncovered and e • posed to a i r .  I f  the par t i cu l a te s  are no• trapped 
In f i l ters, the frac t i on of sol i d  par t i c u l ates that becor a i rborne 
Is conserva t i v e l y  a s sumed to be 1 0- 1 ,  based on exper i ments wi th 
free fal l i ng powder < Reference 1 0> .  

< 9> A n  a i rborne r e l ease frac t i on o f  1 0 · 4 was a s s umed for par t i c u l ates 
conta i ned on res i ns and ruptured or crushed f i l ters < Reference 33>. 

< 1 0> For acc i de n t  sequences In wh i ch the source term Is Involved In a 
f i re, the a i rborne r e l ease frac t i on Is conserva t i v e l y  assumed to be 
1 0 _ , < Reference 33>. 

< 1 1 > Part i c l e s  l arger than about 10 �m are predom i nant l y  depos i ted In 
the nasopharyngeal reg i on and have much l es s  rad i o l og i ca l  
s i gn i f i cance than s ma l l er par t i c l es wh i ch are preferent i a l l y  
depos i ted In the bronc h i a l  system· and l ung < Reference 1 0> .  
Furthermore , par t i c l es l arger than 1 0  � m  depos i t  rap i d l y  by 
aerosol depos i t i on mechan i sms such a s  grav i ta t i on a l  s e t t l ln • �nd 
Ine r t i a l  Impa c t i on .  A character i za t i on of the part i c l e  s i ze 
d i s t r i bu t i on < 4 5 - 4000 �m> I n  a core samp l e  found that about 1 . 51 
of core par t i cu l ates were l e s s  than the sma l l e s t  s i ze range 
a n a l yzed , 4 5  �m <Reference 3 1 > .  

Based on the observed par t i c l e  s i ze d i s t r i bu t i on ,  I t  Is 
conserva t i v e l y  as ;umed that a fra c t i on of t o · :  represen t s  the 
mater i a l  In the fue l and k nockout can i s ters that Is In the s i ze 
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range of concern . 10 um. ih l s  l mo i l e s  that a l l of the mate r i a l  I n  
those c an i s te r s  I s  oart l cu l ate ana a l l  oar t l c u l ates i n  the range 
l e s s  than 45 um are a c t ua l l y  10 um or l e s s .  

The fi l te r  c a n i s te r s  are d e s i gned to col l ec t  sma l l  debr i s  and 
par t i c u l a te s  a ;  ;ma l l  a s  0 . 5  um. I t  I >  c�nserva t i ve l y  3 S >umed 
that a l l  of t�e mate r i a l  co l l ec ted I n  the F i l te r  ca� i s te r s  1 n 
1 0  �m or l e s s .  

< 1 2 >  Acc i de n t  seauences 1 nvo l v l ng an e<oo· �d core cou l d  resu l t  ' n  
transpo r t  of oar· t t cu l ates from the rubb l e  bed ana RV I n terna l s  
surfaces .  The tota l amount of core mate r i a l  that i s  par t i c u l a t e  I s  
uncer t a i n .  For t h i s  ana l ys i s .  t t  I s  a s s umed that l Ot of the tot a l  
core ma s s  I s  part i cu l a te wh i c h  r e s i de s  o n  a surface t h a t  �ou l d  b e  
exposed I n  the event o f  a v e s s e l  d r a l ndown . 

( 1 3 ) Coup l i ng a s s umpt i on s  < 8 >  and < 1 1 > .  and a s sumi ng that an acc i dent 
sequence e � poses the e n t i t e  can i s t� r  conten t s .  y i e l d s  a total 
mate r i a l  re l ea se frac t i on of 1 o · s  for pos t u l a ted � c c i dents 
I nvol v i ng a d i re c t  a i rborne r e l ea s e  from a fuel  or w:noc�tout 
c an i s t e r .  From a s sump t i on s  < 9 >  and < 1 1 > .  the ooten t i a l  Tate r 1 a l  
r e l ease fra c t i on from a f i l ter can i s ter e•posed to a i r ! ;  1 0  J .  

< The r e l ease frac t i on for a f i l te r  c an i s te r  I s  usee for ;eauences 
I nvo l v i ng the re l ea s e  from a s i ng l e  c a n 1 ster . >  

U s i ng the a s s ump t i ons rega r d i ng the amount of e •oosed oart i .: u l ate 
core mater i a l  < 1 2 > .  the d i s tr i bu t i on of oar t l cu l a t e  s i ze s  t l l > .  and 
the fract i on that becomes a ! rborne < 8 > .  the ··e l �;: ., �  �ract 1 on for an 
e�posed core I s  1 0 - � . 
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Non-selimlcally qualified coaponen t causes lncore 
Instrument guide tube fa i l u re .  

Coincident I n  containment fire; so�rce not 
Involved In fire; driving force do.lnated by 
atmospheric 4P (Sequence 1 ) . 

Mechanical d i sruption of smearable conta•lnatlon. 

Heatup f� f i re releases s�arable conta11inatlon 
through open equlpnent hatch 

1 . 4  E+l 

Bounded by 
Sequence 1 

Negligible 
cocpared to 
Sequence 4 

3.2 E-2 

Section 3.1 . 2. 16source term with airborne release 
fraction of 1 0· for exposed core; Section 3.1.2.4 
source ten. for 50,000 gallons flowln9 RCS Inventory 
with ai rborne release fraction of lo-4; Section 
3 . 1 . 2 . 7  source term for 100,000 gallons standing 
RCS sump water with release fraction of J x lo-5 , 
Air exchange rate Is ZOOS of building volume per 
hour due to open equipment hatch; stea11lng driving 
force saall compared to a i r  exchange • 

Ai rborne release fraction s.all coapared to fire. 

Section 3 . 1 .2.5 source ten� for particulate releases 
assUIIIng all RB contaMinated surfaces exposed to 
fire. Airborne release fraction of lD-3 ; a t r  
exchange rate of 2001 per hour • 

. l Accl�t �· for \ohld1 • drlvlll!t force or �lyzed 80Urce tena ta not c:rcd!ble h.noe not bc!om l lstru. For �le, 2 thrre lll"1! no c:ndlble � vtth �t.c dd� force, no cndlbl.e lle!ljUCI\ceS vtth core recrltlc.1Uty. 1\oo hcur slte bolnlsry dose to alolesant: \I'IClltered releue to mvittnB�t. 
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�chanica! disruption of smearable conta•lnatlon Negl igible 
compared to 
R8 sequence 

Non-seismic piping fai lure. 1 .  3 E·l Section 3.1 .2.g source ten. for elution flow; flow 
at 15 gpm for 2 hours to SDS. Airborne release 
fraction of 10-J ass�����ed for aerosol release due 
to spraying pipe leak; a i r  exchange rate of 2001 
of building volume per hour through open FH8 
truck bay door. 

Non-seiSIIIc piping fatlure 1 .2 E+O Section 3.1 .2.9 source tenn for resin sluicing; 
flow a t  50 gpm �or two hours. Ai rborne release . 
fr.ctlon ts to· for spraying pipe leak; a i r  
exchange rate a t  2001 building volume 
per hour • 

Hon·selsatc piping failure with coincident fire Bounded by 
In area; source tenn not involved In fire; Seq·uences 
drhlng force d0111lnated by atmospheric A P. 6A, 68 

l Ace dr.nt � for W\td1 a drlvir« fon:e or U\31\3lyzed eouroe tem Ia not c:rNtble 1- not !non l lstrd. For �le. 2 then are no cred..lble � vtth pyrtlpfmlc drl� force, no credible �' vtth oore recrltlc:altty. 
1\cl tmur alte f.o:aday cbae to adoluomt: mflttered ret- to aMI:'Clnll!l\t, 
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Aa:'Uilfr �m: tnSE 
liD fiJI � , . tiUVIHi RHE 1£QwruJt �__!_� .. aJtfMS 

. . • . . 
8 :£PI COR i Ati:IOspherlc t.P Liner dropped and ruptured due to failure of SNl l  COli• Alrbo� release fraction for resin l i ner 

· !liner . non-sel sal cally qualified monora i l .  p�red to Is 10 • . • Sequence 9 . . • • . . • : . 
9 !EPICOR ! Combustible liner ruptures as I n  Sequence 8; fire occurs due to 1 .0 E-1 Section 3.1 .2.11 EPICOR l i ner so�rce ten�; 

!Liner • Fin> shorting .of unqua l i fied electrical wiring or other a i rborne release fraction of 10· for .aterlal .. • : sources; combustible =aterlals Involve l iner • Invol ved In fire; entire l i ner assumed Involved; . • : . release directly to ataosphere. 
• • . . . • . . 

1(. !EPICOR : Allllospherl c t.P I Same as EPICOR liners. Neg l i gible loading on Small COlli· 
! F i l ters : Fire t. P  f i l ters. pared to . Sequence 9 . . . 

l l A  hp,.;OII A!Jnospherlc 11P Break of non-selselc EPICOR process line. 1 . 1  E-1 Section 3.1 .2.11 source tera for process no., 
lPrOl'SSing (RB basement ) ;  fl Ott at 10 gpa for 2 hours. 
! ( RB Ai rborne release fraction of to-3 corresponding !Base=e: t )  t o  spraying leak; release directly t o  atmosphere • . 
• . 

l l B  iEPICOR AtDOspherlcAP Break of non-sels.lc F.PICOR proc�ss l ine. 1 . 6  E-2 Section 3. 1 .2 . 1 1 source tenn for process f!Ott 
• Processing (aux. bldg. sump ) ;  other parameters same a s  
l (AFHB Sequence l lA. : S�A�tp) . 
: • • . • . • . . . . 

1 h:1:ldcnt RCpncee for Wtlch • drl� force or ln1n.llyzzd ecurce tem is rot c:rcdlble have not bem listed. For �le, 
tl-ere are no c:n!d..lble � vtth �l.c drl� fOT'Ce, ro CTedlble eequmces vtth core ncrlt.lcallty. 

2 1\.o to.. elt.e bcmday dose to adoleeaJ�t; \.IIClltered relUIIC! to enviftlmBlt. 
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. 
12 iEPJCOR Coabustlble 

. :Processing Fire 
. 
. 
• 
. 

l lA  lsos Liner Atmospheric AP . • . • . . . • . • . 
1 38 : SOS Cuno 

: F'll  ter . • . • 
: 

l JC : SDS Sand 
: Fi lter 
• • 
• • 
: : 

Atli'O�pherlc AP 

At.ospherl c AP 

: . 
14 ; SDS Liner/ : Fl re AP 

: Fi lters : . . . . . . . . 
. . . . 
. . 
. . 
: : 

Non-sels=lc piping failure with coincident 
fire In area; source tenn not Involved I n  
fire; driving force do=lnated by atmospheric A P  • 

Liner rupture occurs under water In spent fuel pool 
(220,000 gal )  due to collapse Into pool of 
non-seismic c�onents • 

Filter rupture occurs under water In spent fuel 
pool (220,000 gal) due to col l apse Into pool of 
non-selselc components • 

Filte r  rupture occurs under water I� spent fuel 
pool (220,000 gal) due to collapse Into pool of 
non-selselc components. 

Liner/fil ter e•posure postulated to occur 
under water; source te1'111 not Invol ved In fire; 
driving force doelnated by atmospheric AP, 

Bounded by 
Sequence 1 1  

2.9 E-1 

S.6 E-3 

Z.S E·l 

w l l  coca­
pared to 
Sequences 
1 3  

Page _4_ of .!L_ 

Section 3. 1 . 2.8 l iner source tena (-30,000 Cf ) ;  
bre1k I n  a i r  not credible due to cask 
loading under water and seismic Category I 
FHB crane; IOOS of l iner I nventory rele1sed 
Into pool ; a irborne release fraction I s  J E-S 

Section 3. 1 . 2.8 cuno fi lter source tenn 
E-640 Cl ) ;  other parameters saoe as Sequence lJA. 

Section 3. 1 . 2.8 sand f i l ter source tere 
(•1 5,000 Cf ) ;  other parameters saoe as Sequence 
IJA. 

t w 
: ? �--�----�----------L-----------------------------------L-------�L-----------------------------------· � 

' I 
. . 

1 kdds!t _,..,_. rar Vtteh a drl� force or lftll'l.1l}'ZN � terw h not crOOJ.ble hiM! not bem lllltrd . For �le, N thlm! are no C'l"fJdible -.-s vlt.h Jiyroptorlc drlvq force, no credible �s vlt.h core ncdtlcallty � 2 1\.o m.. •lte � cbse to alucmt: mnttered nleaee to ti'Ni1'tll'llll'nt. 
• 
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1 SA isos ! Atllospherlc 6 P 
•Proceu : 

' iflow (RCS) : ' ' ' : ' . ' ' : I ' . 
ISB isos ProcesS: AtiiiOspherlc 6 P 

:Flow (RB : 
:auement )  : 
: : ' ' . : ISC : SOS Procnso AUiospherlc 6P 
: Flow : 
: (I«J&P} : 
: : 
: : 

ISO :sos Procn' Atmospheric 6P 
:Flow I 
: (A l l )  : ' . . . . . . ' . . . . 

16 :sos Proces� Co=bustlble 
:Flow : Fire 
: (Al l )  : . . . . : : . . . . : : 
: . 

Hon-seis•lc l i ne outside of spent fuel pool breaks 
when processing RCS water. 

Hon-sel�lc l ine outside of spent fuel pool breaks 
when processing RB bas�nt water. 

Non-seismic l i ne outside of spent fuel pool breaks 
when processing I«J&P elution. 

UnderwUer l tne break 

Same as Sequence I S ;  source not Involved In fire; 
driving force do.lnated by at.ospheric 6P, 

7.7 E-1  

1 .2 E-1 

Same u 
Sequence 6A 

Sma l l  co=­
pared to 
Sequences 
ISA,B,C 

Bounded by 
Sequences 
I S  A,B,C 

Section 3 . 1 .2.4  source ten�; flow at IS gp. 
for two hours to SOS. Ai rborne rele•se fraction 
of Jo-3 assumed corresponding to spraying pipe 
leak; air exchange r•te of 200� building 
vol� per hour. 

Section 3 . 1 . 2. 7  source ten�: other para-eters 
saoe •s Sequence ISA. 

Section 3 . 1 .2,g elution flow source ten�; other 
para-eters same as Sequence I SA. 

Release fraction fro. standing pools due to 
potential wave action is 3 E-S. 

1 Ac:cldslt _,_. r� Vili:f\ • drl� force � \NI'IIIlyz;ed 80Ur'Cle Una b rot cn!dtble 1WV1! rot beat Hated. For a..,!,, 
tl'fte are m cnd.l.bt. � vtth pynlpturl.c dd� rcm:e, m cnd!hle �· vtth mre recdt�Uty. 

2 1\oo lnlr alte bcu1duy doae to -�: mru� t<eleae to ewitanm�t. 
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AO;UUR' .SDJ.Ila: m-sm lnSE 
(llrliJI .!DJI(E • DR.IVD«; � tmwnst I!(H; ( I'UII) .. (DK]fJ'S 

. . . . . . 
1 7  ;owcsmr ! Atmospheric AP Non-seismically qua l i fied l ine brea k ;  maxlmUD source 1 . 7  E+O Section 3. 1 .2.4 source term; 400 gpa break 

· :Process • Is RCS process l i ne break before reaching f i l ters bounds owes and l l f  flo� rates; RCS drained to 
:Flo• . and ton exchangers. elevation of antf-syphonfng holes In the sparge • . . l ine l l•ftlng leak to 3�000 gallons. Ai rborne • . 

i . release fraction of to· corresponding to . . • spraying leak; 2001 building volunes per hour • . • . 
• . 

18 :owCS/ I I F  c•ustlble Non-seismic pfpfng fail ure �lth coincident Bounded by 
:Process Fire ln-contal�nt fire; source term not Invol ved Sequence 1 7  
:Flo.- In fire; driving force dominated by . atlnOspherlc t.P • • . . . 
• 19A : owes Al l Exposure of l iner postula ted to occur I n  1 .2 E·l Typical SDS curle l oading (•3000 C l )  In Section 
:Liners fuel handling building due to collapse of 3. 1 .2.!; assuned a i rborne release fraction . non-seismic components onto l iner. ' of to· for resin materi a l ;  a i r  exchange rate 
• of 2001 building volumes per hour • • . . . . 

t98 :owes A l l  Non-seismi cally qua l i fied components collapse Into Incl uded I n  
: F i l ters deep end of canal • Sequence . 23C • . . ' . : . . . . 20 : ruel Pool : Al l  Ai rborne release due to eechanlcal d i s turbance, Negligible 
!AJB . Effect sma l l  In comparison to sequences Involving . . . SDS Inventory and defuellng canister leaks In pool • . ' ' ' . . . . 

l kddent �· far Vdc:h a drlvfr« forte or manalyzed IOUl'a! tem 11 rot crl!dlble hive rot t-n Hated. For �le, 
thn-e are m c:n.d.1ble � with pyroptorlc drl� force, no c:ndlble IIC!IJl.Ula!• with core recrltlc.Uty. 

2 1\Q h:lur elte bomday cbse to able.crnt; lrlfllten!d nl- to enviranmt. 

. 
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w 
0 
0 1-\ 
w \0 

: : 
21 :canal iA11 

· :  . 
• • . : . . 

22 iR8/Au• i All 
:81dg Suaps , • • . . . . . . : . 
: : . . 

23A :Defuellng : Atl:lespherlc AP 
•Canister : 
: (Transport): . . . . . . • • . . . . . . • • 

238 :Defuellng I AtJnospherfc AP 
:canister : 
: ( Transport): . . .. . . • . 
: . . • . • . 
: 
• 
. . 

Sa� as Sequence 20; doses negligible cODpared to 
sequences Involving releases Into canal .  

Ai rborne release due to �chanlcal di sturbance; 
bounded by sequences Involving spraying pipe when 
processing. 

Canister and/or defuellng equl�nt drops Into 
vessel due to non-seismic handling equipment. Core 
reconflguratlon �sults, but criticality not 
credible. Increased source ten� due to IDI!chanlcal 
di sturbance. Effect bounded by drained RPV sequence. 

Canister drops over dry refueling canal and I s  
crushed by non-sel�lc fuel handling equipment. 

Negligible 

8our.ded by 
Sequence 
1�8 

Bounded by 
Sequence 1 

1 . 2  E+l 

Ai rborne release fraction for standing pools 
subject to wave action Is 3 E-5. Pathway to 
outside atmosphere Is more tortuous than that 
assumed In Sequence 15.  

Filter canister assumed which 1aplles that 
entire canister contents Is particulate of 
of size 10 � or less; IS of Section 3 . 1 .2.1  
source

-4
tena assumed. Airborne release fraction 

Is 10 for materials trapped on f i l ters; zoos 
per hour a i r  exchange rate corresponding to 
open equipment hatch • 

l Accldmt �· for wuch a dd� Con:e or l.ll.ln.1lyud aource ten1 b rot cftdible hiM! not been Hsted. For Glllple, 
t�re are m cndlble � with pyroplm"lc drlvq Coree, m cred.lble �· with core rec:dtlcaUty. 

z n.o lo.lr llte tonSary c1oae to alacmt; utCUtuect ftl- to tnVtrommt. 
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. . . . . . . . 
. : : 

23C :oefuellng ! Atmosph'!rlc AP 
:canister : 
l ( Transport� 
• • • • . . . . . . . . : : . . • • 

230 ! eefuelfng ! Ateospherlc 4P 
:Cents ters : 
i (Stora 9e : 
: 114cks ) : 
: : . : 

24 ! Oefuel fng 1 Co::lbustfble 
:Cani ster : Ffre 
: ( Tr1nsporq 
• • • • 
: . 

25 : Rad Truh I Atmospheric AP 
: Storage : 
: Areas : 
: (All lou-: 
: tlons) : . . . . . . 
• • . . . . 

Non•sefs�lcally designed defue l i ng trolley drops 
In deep end of canal. Transported canister and t�n 
c•nlsters/fllters I n  deep end are da=aged open ,g 
source tenn to 60,000 gallons of water. ( I f  .rop 
also results In leakage of canal , the effect 
.auld be bounded by Sequence I whfch postulates 
draining of RPY . )  

Oefuellng equipment falls o n  storage racks f n  spent 
fuel pool A. Contents of 3D canisters are released 
to water. 

Same as Seque�ce 23A, 8, C, 0 with coincident ffre; 
source tenn not Involved fn ffre. 

�chanica! disturbance of waste storage areas. 

Page _8_ oC ]!__ 

4.0 E-1 Each canister holds a maxf•ua of IS of core 
1111terfal fmplyfng l i S  of core 11111terfal exposed 
to canal water. Average particulate sfze 
d istribution ISSUIIII!d Implying IS �10pn. 
Ai rborne release fraction from water fs 
l E-5; afr exchange rate f s  200S bufldfng 
vol UIIII!s per hour. 

1 . 1  E+O Number of canisters Impacted based on cross 
sectional area of fuel hand l i n g  trolley; 
other parameters same as Sequence 23C 

Bounded by 
Sequences 
23A,B,C,O 

Negl igible 
COiftiJired to 
Sequence 26 

l h:cldmt �· fOC" \ohtc:h • drl� fon:e Of' lNMly:.ed 80Wce tem h mt c:ndlhle hlw not bee\ Hated. FOC" �le, thrre 81'1! no cnd.tble � vlth pyaqJiotlc drl� Con:e, no credlble �· vlth oore r"Kdtlcellty. 
2 n.o  mur lite bolnJay dose to .:b�; mrtltered nleue to mvit'Dnl!l'lt, 



NJ:UDIT 
ID 10� � i laiVlJI,; IUICE . • . . . . 

ct. ! Rid Truh : 
· : Stur1ge ! 

�1 

28 

: Ar�• • . . 
• • 
: i . • • • • • • • WOl • • : . 

Sy\le. • • . • • • • • • • 

liDS 
Sy\te. 

• • • 
: • . I . • • 
• • . • 
• • . . 
• • . • 
• • . . 
• • . • 
• • . • 
• • 

Ca.busllbl e  
F u ·e 

At.spherlc AP 

At.spherlc A 

(D'SI1f! D'l!Z 
taJWrult De{..-.) 4 

fire In w1ste storagt are• Igni ted by non-sels•lc 2.2 £-4 
electric•! equl�nt or other Ignition sourtt. 

"on-stls.lc tqul�nt coll•pses onto Liquid s . s  £-1 
Radw1stt Syste.s piping. 

Mon-stls.lc equlp��nt collapses onto Solid Rld�ste 5.5 £•0 
Systt8 piping 

Par,e _9_ or .!!!__ 

aJH)fiS 

Sttllon 3 . 1 . 2. 10 sourte ltnM for 1ua 1 l l�rr 
building conU•In•ted w n t r ;  entl rl' ��.000 f1Dun<ls 
capac i t y  lnvohJd In f i re .  A l rr.ornr relusc 
frlttlon h I� ; 1 l r  eath•n'JC utr I s  iull1 
building volu.e per hour • 

Section 3 . 1 . 2 . 1 2  source len• (RB Slll'lp ) ;  
I SO  gp8 leak torrespondlng t o  typic�! oper•tin? 
flow ratt of VD�-P-SA or 8; 1 l rborne relt•\r 
frlttlon of 1� ISSUDtd for spr•ylng plfll' 
leak; 2001 bui l di ng vol� per hour 1 l r  
exchange nte. 

Section 3. 1 . 2. 1 2  source teno (RB bl\rncnt 
sludge); 50 gp8 flow ra!e us�d. Af rbornr 
rtlease frlttlon of to· •ss�� for spr1ying 
pipe luk; 200l ,bulldlng vol� J!Cr hour 1 i r  
eathange rite • 
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TAIIlZ 3.1 POS1\.1lAllD MX:II1N1' � liE TO SEI3«C EVDa' 1 

AO:"Imn' .,.,..... � <n'SliE OOSE 
m !()� saJRa: IJUVIH:I RIO; tfXlWfiS1 Ill� (miU 2 aJt£NTS . 

• 

29 IIOL/WS COIIIbustlble Saet as sequence 27 with coincident fire; source Bounded by 
Systetts fire ten� n�t Involved I n  fire; driving force doalnated �quences 

by atmospheric 4P. 27. 28 

JO ISIISF Atmospheric AP Negligible release conparcd to Sequence 31 Negligible 

31 : ISIISF' Fire 4P Sel�lc event causes collapse of building and fire 2.5 E-2 Section 3 . 1 . 2 . 1 5  source tena; entire Inventory 
• In ISIISF • lnvolvSd In fire. Airborne release fraction . 
• of 10- ; release directly to atmosphere • . 
• . 
• 

32 : Solid All  Negl igible release coapared to other sequences. Negl igible 
: llute 
: Storage 
: Building . . . . 

33 : SIISF AtiDOspherlc AP Collapse of non-sel�lc structure 1 . 3  E+O Collapse da .. ges 10 SDS l i ners and e•poses . thee directly to atmosphere; each l iner has a . . typical loading �3000 C l )  with a radlonucl lde • . di stribution specified In Section 3. 1 . 2. 8  • . . Airborne release fraction I s  lo-4 • . . . . . 
Negligible 3 Section 3 . 1 .2.18 source ten�; 500,000 gallons 34 : PIIST AtiiOspheriCAP Non-sels•lc PIIST leaks . e•posed to a�phere; ai rborne release . . fraction of I ass�d for flowing l iquids. . . . . . 

1 Accldmt S4!qUI31CeS far \ohlch a drlvil1g force or U'liiMlyzed &O.Jrce term 1a not c:n!di.ble h.1ve not bC!m listed. For exsrple, 
there are no credible acqucnces with PYroph:n1.c driving Coree, no crcdlbla sequmces with core recritlcality. 

2 1\.o rour site bomd.uy dose to adolescent: Ulflltc!I'Cd relea!IO to envita'IIICI'It. 
3 Tritl.un provirlcs no dooo to bale surface: dose to 1161g was calc:ul4ted u 3.2 E-6 Tall. 
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Jffs l te conseau!nc!s h a v e  b�eo con �erva : ' �e i J  c a l c u l a ted for a spec trum of 
acc i dent seauenc!i that �cu l d  resu l t  frcm a �e s 1 qn oas : s  e ar tnaua�e .  ihe 
c..,oseouences �or e re mooe I eo ' n  te•·111s l)f a t "o nou• ::ose at the s i te bounda r y .  as 
>��c l f l e d  In lOCFR oart i�O.  i n e  I CCFR Part i OO >oec i f l e s  a l i mi ta t i on of :s 
r�m e < te rna l  dO'! t� tne "no l e  oocy :\no 300 rem oose to the :hy,·o l d .  Doses 
�rom po> t u l d ted s e l sm i c 3 1 1 y  • nauc!D :\ C r. i dent seau�nc es : H  TI�I-2 "'ou l d  be 
neg l i g i b l e comoared to thes! i l .nl t s .  11owe1er . d i rect cwoa r i son to �hese 
l i m i t s  has a mar g i na l "a l ue bec ause of the e d s t l ng rao l onuc l i de I nventory 
< e . g . , negl i g i b l e  a�unts of I eo i n e >  and the na t ure of ooten t l a l  re l eases 
< I . e . , par t i c u l a te ma t te r > .  

To cons i de r  the 5 1 g n i f l cance of the c u r ren t rad lonuc l l de I nventory,  ooses to 
the c r i t i ca l  organ, the aoo l e s cen t  bone w�re c a l c u l a ted . Do se s to tne 
r. r l t l ca l  organ d i d  not e1ceed the c r i t l c \ 1  organ l i m i ta t i on tor :nyro l d I n  
IOCFR P a r t  1 00 .  I n s i g h t s  f rcm recent l i te ra t ure i nd i ca te tha t the I OCFR 
? a r t  1 00 organ dose l i m i t a t ion I s  an aporoo r i a te l i m i t a t i on for the c r i t i c a l  
organ for oos t u l a te d  TMI-2 a c c i de n t s . 

�ore r e s t r l c t h e  c r i te r i a  for certd l n  ac c i den t  sequences nave been oromu l g a ted 
1 '. Chao cer 1 5  cf the NRC Standard Rev \ .- · :: · J n .  Soec i f i ca l l y .  the consequences 
�f some acc i den t sequences mus t be 'we l l  � l t h l n N  C l e s s  nan 2 5 t l  or :\ N sma l l  
fract ion ' of t i es ; than I O"L> o f  I OCFR P a r t  1 00 .  The �na i vs i s  i nd i ca t e s  t h a t  
the re i s  n o  a c c l ::le n t  >eauence t h a t  e � ceeus these mo r e  r e s t r l c t l ·1e g u i de l i ne s .  

0601 ( RA 
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5 . 0  Unrevl ewed Safety Que s t ion Eva l ua t i on 

The purpose of t h i s SER I s  to j u s t i fy the non- s e i sm i c de s i gn for TMI-2 
pos t-acci dent systems , s truc tures and componen t s . As part of th i s  eva l ua t i on , 
the c r i te r i a  spec i f i ed I n  lOCFR 50 . 59 for determ i n i ng an unrevi ewed ;afety 
que s t i on have been e x a m i n e d .  A proposed change to a fac i l i ty I nvol ves an 
unrev l ewed safety que s t ion If the change: 

< 1 >  I nvol ve s  an i ncrease I n  the probab i l i ty or consequences of an 
acc i de n t  prev i ou s l y  eva l uated , 

< 2 >  crea tes the ooss l b i l l ty of a new or d i f ferent � i nd of acc i de n t  from 
any a cc i de n t  prev i ou s l y  eva l uated , or 

< 3 >  I nvolves a reduc t i on I n  the mar g i n  of safety. 

These cr i te r i a  are con s i dered b e l ow .  

The acc i de n t  o f  concern I n  th i s  SER I s  t h e  de s i gn bas i s  earthquake <OBE > .  The 
probab i l i ty of the OBE I s  c l ear l y  unchanged by the con s t r uc t i on - of componen t s , 
systems and s tructures a t  TMI - 2 .  The consequences o f  a OBE I n  the current . 
TMI-2 conf i gu r a t i on shou l d  be compared to the consequences of r e l a ted 
acc i dents anal yzed I n  NUREG- 0 1 07 < Reference 32 > .  The acc i den t s  d e s c r i bed I n  
NUREG-01 07 t h a t  are rel ated to the TMI-2 recovery are the fue l hand l i ng 
a c c i dent and the gas decay tank rupture. The fuel  hand l i ng acc i de n t  r e s u l ted 
I n  a two hour e x c l u s i on boundary whole body dose of 3 rem and a thyro i d  dose 
of 46 rem: the g a s  decay tank rupture resu l ted I n  a who l e  body dose of 6 rem. 
There I s  no a c c i dent sequence pos t u l ated for a DBE that e c ceeds these dos e s .  

The TMI-2 defue l l ng proc e s s  I s  s i mi l a r  t o  normal fue l hand l i ng opera t i on s  w i th 
the e�cep t l on s  that defue l l ng can i s te r s  rep l ace fue l c l add i n g  a s  the p r i mary 
con t a i nme n t  fot core ma te r i a l s  and the defue l l ng ope r a t i on I s  not conducted 
comp l e t e l y  underwater . The defue l l ng path I� the same as for normal 
refue l l ng s ,  I . e . •  from the reactor v e s s e l  to the spent fue l pool v i a  the fuel 
transfer system. A broad spectrum of defue l l n g  acc i de n t s  have been a n a l y7� l 
wh i ch can be characteri zed -"ls i nvol v i ng e i ther a r e l e a s e  of core ma te r i a l  . rom 
I ts p r i mary con t a i nment or as a r e l ea s e  from a radwaste proce s s i ng sys tem. 
The fue l hand l i n g  and gas decay tank rupture a c c i dents con s i dered I n  
NUREG-0107 are reoresen rat l ve of these c a tegor i e s  of acc i de n t s .  Thu s . a new 
type of a c c i dent has not been I de nt i f i ed for the des i gn ba s i s  e arthquake. 

E x l s t t ng safety marg i ns at TM I - 2  for cr i t i ca l i ty control a�d preven t i on of 
further core damage due to overhea t i ng are conserva t i ve and wi l l  rema i n  
conser� a t l ve through defue l l ng .  The ma i n tenance of both func t i ons I s  
a ccomp l i shed by oass ! ve sys tems . Spec i f i ca l l y ,  an e l i s t l ng RCS boron 
concen t ra t t Jn a s sures subc r i t l ca l l ty for bound i ng core reconf i gu r a t ions and 
the core I s  coo l e d  by amb i en t  heat l os s  to the e n v i ronme n t .  ih \ s  S E R  has 
demon s trated that there Is  no cred i b l e  mecha n i sm assoc i a ted w i th a DBE that 
w i l l  resu l t  In  l oss of subcr l t l ca l l ty or core hea t i ng w h i c h  cou l d  resu l t  i n  
further damage .  Thu s , there I s  no decrease i n  safety marg i n s  a s  a r e s u l t  of a 
) e l sm l c  qua l i f i ca t i on exemp t i on for pos t-ac c i de n t  sys tems . 

35 of 39 
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I n  summary, the non-se i sm i c  des i gn of post-acc i de n t  systems does not 
cons t i tute an unrPvl ewed safety Ques t i on a s  d e f i ned bJ IOCFR 50 . 59 .  

"60 1 . �; 
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