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OBJEC T I VES 

-�------------------ -

EXECUTIVE SUMMARY 

A f t e r  the acc i d e n t  a t  T h r e e  M i le I s land , Un i t  2 ( TM I - 2 ) ,  on 

Ma r ch 2 8 , 1979, GEND , t h e  comb i ned o r g an i za t i on of Gene r a l  Pu b l i c  

U t il i t i es ( GPU ) , t h e  Elec t r ic  Powe r Re se a r ch I n s t i t u te ( EPRI ) ,  

t h e  U . S .  N uc l e a r  Reg u l a tor y Comm i s si on ( NRC ) , and t he u.s. 
Depa r tme n t  o f  Ene r g y  ( DOE) , s ta ted i t s i n te n t ion to suppor t 

an e f for t "to d e te r mi ne , as  accttr a t e ly a s  pos s i ble , the c u r r e n t  

mass balances o f  s i g n i f icant  r ad i o log i c a l ly tox i c  spec i e s . "  

GEND gave two pr i ma r y  r ea sons for s uppor t t h i s  e f for t :  " ( l )  

such e xe r c i se s  guar an tee completene ss o f  the  s tud i e s , and ( 2 ) 

ma ss ba l ance d e t e r m i na t i ons ens u r e  that  a l l  impor t a n t  s i n k s  

a nd a t t e n t u a t ion mechan i sms have bee n  i d en t i f i ed . "
1 

The pr imar y  objec t i ve of  the s t ud i e s  cond u cted by NUS Cor por a t i on 

was to s uppor t the goa l s  o f  the GEND planne r s  and to con t i nue 

t he mass ba lance e f for t by gener a t i ng a pr e l i m i n a r y  acco un t i n g  

o f  key r ad i oac t i ve spec i e s  follow i ng the TMI - 2  acc i d en t . As 

a r e s u l t  of t he s e  st ud i es , s econda r y  obj e c t i ve s , name ly a compu t e r 

i zed d a t a  ba se and r ecomme nd c t ions , have been ach i eved t o  suppo r t  

f u t u r e  wor k i n  t h i s  a r e a . 

TEC HN I CAL APPROACH 

Deve l op i ng a r ad ionucl i d e  mass ba lance calculat ion for the TMI - 2  

acc i d en t  p r es ents a n  a r r ay o f  pr oblems i n  balanc i ng the d e s i r ed 

r e s ul t s  w i th those techn i c al ly f ea s i ble , in  t e r ms o f  sched u l i ng 

i n  conc e r t  w i t h  the c leanup and r e sour ce a l locat i ons . I n  p r agma t i c  

te rms , the  obj ec t ive i s  t o  deploy the  r e so u r c e s  ava i lable , bot h  

i n  t he i mmed i ate t ime f r ame a nd i n  t he lon g e r  t e rm , t o  achieve 

the  mos t  comp l e t e  and accu r a te accoun t i ng o f  r ad i onucl i d e  beha v i o r  

i n  TMI - 2  d u r i ng a nd a f te r  t he acc i d e n t . The a ss e s sment of  t h e  

p r oblem , t h e re for e ,  r esolve s t o  con s ide r a t i on s  a i med bot h  a t  
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plans for t h i s  s t udy phase and a t  gene r a l  plans for the lon g e r  

t e r m . 

The immed i ate problem was dom i n a ted by the need to col lec t and 

co l l a te t he data requi r ed for mass balances and to develop the 

means to use them r epea tedly ove r  an extended pe r i od of t ime .  

Much of  t h i s  s t ud y  phase , there fore , was focused on deve lop i ng 

a format for a l l  the value s  requi r ed to calcul a te mass balance s , 

i nclud ing the i sotope data to a l l ow decay cor rections , rad iochem i 

c a l  sampl i ng and analys i s  da t a , and sys tem volume and ma ss t r a n s fe r  

data , collec t i ng t hese d a ta , and t hen enter i ng t hem i n to a compu

t e r i zed data  base sys tem . The pr e l im i na ry ma ss ba lance was 

ca lcul ated us i ng s t r a i gh t forward accoun t ing a r i thme t i c , mul t i ply

i ng i sotope concen t r a t i ons in  l iqui d s  and gases by the volumes 

represented i� components and sys tems and summing  t hese concen t r a 

t i on-volume pr od ucts over t h e  tot a l  plan t . 

I n  the longer  term i t  w i l l  be necessa r y  t �  cons ider  a var i ety 

o f  pha ses a s  wel l  a s  phenomena that  a f fect ln t e r phase mass t r a ns

f er s . These a spec ts are  broadly a ssessed now , i n  order to anti c i pate  

the i r  r e l a t ive impor tance s .  The r e for e , the  poten t i a l  e f fects 

on mass t r a ns f e r  of r ad i oac t i ve pr ecur sor s :  vapor , aerosol , 

aqueous , and sol i d  phases;  and mass t r an s f e r  mechan i sms poten t i a l l y  

ope r a t i ve between sys tem 

we r e  gene r a l ly asse ssed . 

TMI - 2  a nd t he t ime f rame 

components and w i t h i n  sys tems components 

The networ k o f  sys tems that  cons t i tutes 

of  maj or events both d ur i ng the acc i dent  

a nd s ubsequent  cleanup wer e cons idered , and e xpans ion o f  the 

d a t a  base system w i l l con t i nue dur i ng s ubsequent s t udy phases 

a s  mor e  d a ta become ava i lable . 

MASS BALANCE DATA BASE 

A data base format was developed that pe r m i ts the i nc lu s i on 

o f  t he d a ta necessary to calculate ma ss balanc�s a t  any t ime 

o f  i nteres t .  Th i s  i n forma t ion i ncludes a l l  the value s  r equ i r ed 

to d e termi ne t he c a lc u l ated tota l  quan t i t i es i n  t he whole TMI - 2  
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s y s tem a t  any t ime a f te r  s h u t down . The sys t em componen t s  l i ke l y  

t o  con t a i n  s ig n i f i c a n t  quan t i t i e s  o f  r a d i oac t i v i ty a r e  ident i f i ed , 

and t he ava i l a ble data  ( e . g . , total component vol umes and vol ume s 

o f  the i n i t i a l  l i q u i d  con ten t s )  a r e  prov i ded foe mos t  eleme n t s  

o f  the reac tor coolant  sys tem , t he ma k e up a nd pur i f i c a t i on s y s tem , 

and the l i qu i d  r adwas t e  sys tem . The d a t a  base i nc l u d e s  t he 

l i q u i d  t r ansf er c h r onology for these sys tem componen t s  t h r oug h  

Apr i l  3 0 , 1 9 7 9 . 

An i n i t i al scann i ng of  the rad i oche m i c a l  sample/analys i s  d a t a  

sough t l i q u i d  samples f r om t hese t hr ee k e y  sys tems w i t h  concen

t r a t i ons that appe a r ed to i nd i ca t e  s ig n i f i cance ( i . e . , a bo u t  

1 0 - 6  C i /ml o r  g r e a t e r ) A s econd e f for t w a s  made t o  ens u r e  

t ho r oug h ne s s  i n  the acqu i s i t �on o f  d a t a  for k e y  compone n t s  cove r 

i ng t he per i od t o  Apr i l  3 0 , 1 979 . G a s  sample data for t he reactor 

bu i ld i ng and s t a t i on ven t  are  i nc luded . Gene r a l ly , s ur face 

and so l i d  s ample data are  not i nc l ude d . 

PRELIMINARY MASS BALANCE 

Compu ter i z ed calcula t i onal a id s  we r e  developed to a l low an analys t  

to s e t  up a ma s s  bal ance pr oblem i n  terms o f  lumped componen ts 

(i.e, in  terms o f  a s impl i f i ed model i n  wh i ch g roups o f  a c t ua l  

compone n t s  a r e  tr eated a s  a s i ngle l umped componen t ) and to 

per form the ca l c u la t i on of  the l iquid volume in each l umped 

component a t  a d e s i r ed mass balance t ime . 

The calc u l a t i on a l  system i s  i l l u s t r a ted by a pr e l i m i n a r y  mas s  

ba lance for  Apr i l  3 0 , 1 9 7 9 , a t  2 4 0 0  hour s . Th i s  mas s  balance 

t ime was  chosen a s  the end o f  the t i me pe r i od for w h i c h  the 

l iq u i d  t r a n s fer  c h r onology for the key s y s tem components h a s  

been la r ge l y  developed and the t i me for wh i c h  the g r e a t e s t  amount 

o f  t he cor r e spond i ng r ad i onuc l i de d a t a  can b� a pp l i ed .  

Th i s  p r e l i m i n a r y  mas s  bal ance con s i de r s  the l iquid conte n t s  

o f  the reac tor coolant s y stem , the  r eac tor bui ld i ng s ump, r e a c to r  
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coolant d r a i n  tank , t he reac tor coolant bleed t a n k s , and t h e  

makeup t a n k . ( The l iqui d  contents  o f  the r eac tor coolan t d ra i n  

tank  wer e  a s s umed t o  be s i �i la r  to t hose o f  th2 r e ac tor bui ld i ng 

s ump and the l iqui d contents o f  the ma keup tank to be s i mi la r  

t o  t hose of  t h e  bleed tanks . )  The pre l im i na r y  ma ss balance 

a l so accoun t s  for r ad io i so topes in the r eac tor bui ld i ng a tmosphe r e  

a nd i n  f i ss i on gases d i ssolved i n  t he r eac tor coolant . Th i s  

w a s  j udged t o  be the l im i t  o f  the pr esent  d a t a  ba se . The pr e l i mi 

nary  mass balance calcul a t i on e s t ima ted t he f r a c t i ons o f  i sotopes 

in the prev i ous ly ment ioned componen t s . The iden t i f i ed f r ac t ions 

of s tront i um-89  and s t r on t i um-90 were 1 . 5 and 3 . 6  percent , r espec

t i vely . The ident i f i ed i od i ne- 1 3 1  was found to be 2 5 . 1  per ce n t  

of t he tota l , wh i l e  t he xenon- 1 3 3  was found to b e  3 8 . 4  percent . 

The iden t i f i ed f rac t ions o f  ces i um- 1 3 4  and ces i um- 1 3 7  w e r e  5 6 . 1  

and 4 4 . 6  per cent , r espec t ively .  

RECOMMENDATI ONS 

Recommenda t i ons are  developed und e r  thr e e  c ategor i e s : compute r i zed 

data  base e x t e n s i on , comput e r - a i ded d a ta analyses ,  and data  

a cqui s i t ion . Recommended da t a  base extens i ons i nc l ude the comple

t i on of  sys tem volume data , such as volumes o f  pipe r une i n  

c r i t i ca l  systems , t he comple t i on o f  the l iquid t r ans fer  c h r onolog y ,  

and t he deve lopment o f  gas and sol id phase t r ansfer  chr onology . 

The r ad i ochemi c a l  data  base should be i nc r eased to i n c l ud e  a l l  

a va i la ble i sotop i c  analyses o f  l i quid and g a s  s amples f r om per t i 

n e n t  sys tems , a s  wel l  a s  s ur face and sol i d  s ampl e s .  I nc l us ion 

o f  sem i q ua n t i ta t i ve data s hould be cons i d e r ed ( e . g . ,  g r oss ac t i v i ty 

i n  sampl e s , smear  sample analyses , and a r e a  mon i tor d a ta ) . 

Ar c h i ved s amples s hould be i d e n t i f ied i n  r e f e r ence records i n  

t h e  d a t a  base , and reanalys i s  needs and feas i b i l i ty should 

be d e t e r m i ned . Ana lyses of  a rc h i ved s ampl e s  for i od i ne - 1 2 9  

a nd t r i t i um may be espec i al ly use f ul to f ac i l i ta te t h e  use o f  

i od i ne - 1 2 9  a s  a tra c e r  for i od i ne- 1 3 1  a nd t r i t i um a s  a t r ac e r  

f o r  r e ac to r  coola n t . 
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Compu t e r  a id s  to d a ta analys i s  s ho u ld i nc l ude a mor e  c omp l e t e  

d e ve lopmen t  o f  r ou t i ne s  t o  a i d i n  the accoun t i ng a r i thme t i c 

a nd i n  t he man i pu l a t i on o f  t he data  base i n  s e a r ch o f  pe r t i ne n t  

s ampl e  d a ta f o r  analys i s  o f  rad i oac t i v i ty i n  l i qu i d s . The scheme 

s ho u ld be e xpanded to a i d  in t he acco un t i ng for r ad i oac t i v i ty 

i n  gase s , sol i d s , and s u r face s .  The account i ng - t ype c a lc u l a t ions  

s hould not only  be  u s ed to  a i d  i n  ma s s  balances  but a l so t o  

r ev i ew the  d a t a  for i n t e r cons i s tency and , hence , to i d en t i fy 

s u�pect va lues i n  t h e  d a ta ba s e . 

Compu te r - a ided mod e l i ng o f  the r eac tor bu i ld i ng , i nc l ud i ng t h e  

r e ac tor coolant  sys tem a n d  t he p r e s s u r e  v e s s e l , s hould b e  i n i t i 

at ed to use  the r eactor  coolan t  d a t a  to d e t e r m i ne f i s s i on p r od uc t  

beh av i or  i n  t he r eac tor coo l a n t  sys tem d u r i ng 3 �  yea r s , t o  a l low 

the data  pe r t i nent to the r e ac tor bu i ld i ng to answer  que s t i ons 

a bo u t  t he s ev e r a l  ma s s  t r an s f e r  mechan i sms a t  play w i th i n tha t 

bu i ld i ng ( e . g . , a bs o r pt i on/d e so r pt i on ,  washout by the spr ay , 

pa�t i c u l a te depos i t i on ,  gas/ l i qu i d  equ i l i br i um, e tc . ) , and to 

i de n t i fy the pa r ame te r s  of impor tance to the  mas s  t r an s f e r  mechan

i sms e f f ec t i ve d u r i ng cor e  ove r he a t i ng and , hence , to s ugges t  

measur eme n t s  to make w i th i n  the pr e s s u r e v e s se l . 

Recommended d a ta acqu i sit i on e f fo r t s  wou l d  i nc l ude e f for t s  t o  

e s tabl i s h  system compone n t  volume s ( e . g . , e s t i ma t i ng the leng t h s  

o f  p i pe r un s  i n  c r i t i c a l  sys tems) a n d  l iq u i d  and g a s  t r an s f e r  

ch r onolog i es ( e . g . , e s t imat i ng the g a s  t r ans f e r s  a n d  s t a t i on 

vent f l ows ) . The r e  a r e  some t a n k s  ( t he ma keup t a n k  and r ea c to r  

coo l a n t  d r a i n  tan k )  whos e  l iq u i d  conten t s  have not bee n  s ampled . 

S u r faces i n  the  l owe r e l e va t i on o f  the  r eac tor bu i ld i �g have 

not bee n  s ampled . Sol i d s  ( e spec i a l ly i n  the ma keup and pur i f ica

t i on s y s tem components  a nd in  t h e  s umps ) need  to be  s ampled 

(or  ana l y s e s  comp l e t e d  i f  a l r eady s ampled ) , and mea s u r ements  

need to be made to  e s t ima te the  quant i t i e s  o f  t hese sol i d s . 

E s t i ma t i ng the quan t i t i e s  o f  r a d i on uc l i des s t i l l  i n  the pr e s s ur e  

ve s s e l  is e specia ll y  impor t an t . I t  i s  s ug g e s ted t h a t  t he n umber 
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( and loc a t i on )  o f  und i s t u r bed fue l  a ssembl i es and o f  d amaged 

but  i ntac t f u e l  assemb l i e s , the  mas s  and loca t ion of  i ntact 

segm en t s  o f  f ue l  a s sembl i e s , a nd t he ma ss , par t i c l e  s i ze ,  and 

compos i t i on o f  debr i s  cons t i t u te an ou t l i ne of  the lea s t  i nfor 

m at i on f r om wh i ch an a pprox imate account o f  ma ss cou ld be made . 
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1 .  OBJECT I VES 

Fo llow i ng the acc i dent  at Th r e e  M i le I s la nd , Un i t  2 ( TM I -2),  

on Mar ch 2 8 , 1 9 7 9 , GEND , t he com b i ned o r ganiza i t i on of  Publ i c  

U t i l i t i e s  (GPU ) , the  Elect r ic Powe r Res e a r ch I n s t i tu te ( EPRI ) , 

t he U . S .  Nucle a r  Reg u l a to r y  Comm i s s i on ( NRC ) , and U . S. Depa r t men t 

o f  Ene r g y  ( DOE ) , beg an pla nn i ng a pr og r am to "se the oppo r t u n i ty 

p r ov i ded by t he acc i d ent to ga i n  i n fo r ma t i on bene f ic i a l  to the 

nucle a r  power i nd u s t r y. !11 the i r  f i r s t  publi ca�i on ( Re fe r ence 1 ) , 

t he GEND planne r s  s t a te d  the g e ne r al rat ional  e o f  t he prog r am :  

"the Th r ee-Bi le I s land ( TM I ) Un i t  2 acc i d e n t  on Ma r ch 2 8 , 1 9 79 

was o f  g r ea t  conc e r n  to the nuclear  i nd u s t r y, � lec t r i c  power 

gene r a t i ng compa n i es a nd the i r  c u s tome r s ,  r e gu l a tor y and o t h e r  

gove r nment agenc i es , the e n t i re n u c l e a r  commun i t y ,  a n d  to t h e  

cou n t r y  a s  a whole . Wh i le t h e  acc i de n t  r e s u l ted i n  only l im i te d  

e x t e r na l  p l a n t  r ad i a t i on e xpos u r e , the plant  i ts e l f  s u f fered 

e x tens i v e  d amage w i th t.i g h  r ad i a t i on cont am i n a t ion w i th i n  the 

r eac tor a nd a u xil i ar y  sys tem f ac i l i t i e s . TMI Un i t  2 c u r r en t l y  

rep r e s e n t s  oppor t un i t i e s  to pr ovid e  �n f o r ma t i on f o r  t h e  e nhance

ment of t he nuclear  power i nd u s t r y  s a f e ty and r e l i ab i l i ty of 

g e ne r i c  bene f i t  to nuc l e a r  powe r technolog y . " 1 

Reg a r d i ng the acco un t i ng for  r ad i oac t i ve ma ter i a l s , the  GEND 

planne r s  f u r ther  sta ted that  " i t i s  d e s i r able to d e te r m i ne , 

a s  acc u r a t e l y  a s  pos s i ble , t he c u r r e n t  ma s s  balance s o f  s ig n i f i 

c a n t  r ad i olog i c a l ly tox i c  spec i e s  for two pr i ma r y  r ea sons :  ( 1 ) 

s uch e xe r c i s e s  g u a r a n tee t he comp l e te n e s s  o f  t he s t ud i e s , and 

( 2 )  m a s s  b3lance d e t e r m i na t ions  e n s u r e  tha t a l l  i mpor tant  s i n k s  

and a t tenuati on mechan i sms hav e  been identi f i ed . . • •  The spe c i e s  

s e lec ted  for ma s s  ba lance cons i d e r ation s  a r e  to b e  s e lected 

based upon t he f o l lowi ng c r i te r i a : ( 1) s ig n i f i cance f r om t he 

s ta ndpo i n t  of s a fe t y  t o  the gene ra l  publ ic�  (2) s ig n i f i a nce 

f rom t he s t a ndp0i n t  of per sonne l e xposu r e  d u r ing  c l ea nup-decon

tam i na t ion  ope�a t i ons; (3)  s ig n i f icance f r om the s tandpo i nt 

o f  per sonne l e xposu r e  d u r ing  normal plant  ma i nt e nance � and ( 4 )  

e xt e n t  to wh i ch the s pe�i e s  r epr e s e n t s  othe r specie s  o f  s i mi la r  
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chemical behav i o r . " 1 On the  �a s i s  o f  t hese c Literi a ,  the GEND 

p lanne r s  a r g ued that  the fol low i ng chem ic a l  spec i e s  should be 

g i ven pr i or i ty : he l i um ,  k rypton , tri t i um ,  i od i ne ,  ces i um ,  tel

lur ium , r uthen i um ,  s tron t i um ,  barium ,  coba l t , s i lv e r , and  ura n i um .  

The planaers recommended , however , that  t he h ig he s t  pr i or i ty 

should be g iven to iod i ne ,  ur an i um ,  krypton , a nd ces i um ,  i n  

a pp r ox ima tely that  order.  

The GEND pla nne r s  r ecog n i zed tha t " the sys tem ove r w h i c h  the 

ma ss ba l ances are to be per formed can be subd i v ided in many 

d i f ferent  ways , wit h vary i ng de grees of d e ta i l .  The f i nal s t ra

tegy i s  best deve loped later , however , a s  t he t a s k s  . . •  a re 

rev i ewed �nd a r e  cons ide r ed w i th i n  the contAx t  o f  the decont am i 

na t i on p rog ram . "1 

The pr i ma r y  obj ect i ve o f  the stud ie s  c ond uc ted by NUS Co�pora t ion 

is to con t i nue gene r a t i ng an acco unting of the k e y  rad i oa c t ive 

spe ci es for the TMI-2 acc iden t . The key r ad i onuc l ides i n  t h i s  

study a r e  cons i d e r ed to be t ri t i um ,  ces i um- 1 3 4 , ces i um- 1 3 / ,  

i odine-129,  iod i ne- 131 , s tron t i um-8 9 ,  s t r on t i um-90 , k r ypton-

as, x enon- 1 3 3 , ur an i um-2 3 8 , and p luton i um- 2 3 9 .  Th i s  l i st i nc lud e s  

t he a bove-noted nuc l ides of h ig h e s t  pr iori ty , a s  we l l  a s  severa l  

f rom t h e  lower pr i ori ty l i st .  I nc l uded o n  the l i s t  o f  k e y  r ad io

nuc l ides is xenon- 1 3 3 , an impor tant i sotope in te r ms of poten t ia l ly 

early postacc i dent health impac ts , and one for w h ich some data 

a re ava i lable even thoug h  the i sotope has a 6 -d a y  h a l f- l i fe .  

P luton i um-2 3 9  i s  a l so i nc l uded a s  a s e cond " typ i c a l  r e f r ac tory 

g roup spec i es , " a long w i th ur an i um- 238 . Pluton i um- 2 3 9  i s  o f  

concern because o f  i ts potent i a l  i mp ac t o n  health a nd bec a us e  

the  d a ta b a s e  co�ta i n s  some data  f o r  t h i s  i sotope . Tr i t i um 

i s  i nc l ud ed i n  t h e  l i s t  because o f  the pos�i b i l i ty o f  us i n g  

i t  a s  a t r ac e r  for r ea c tor coolant . 

The second ary objec t ives of the s t ud ie s  s uppor t the pr imary 

obj ecti ve .  One seconda r y  obj ect i v e  i s  the deve lopmen t  o f  a 
computer i z ed comp i la t i on o f  the data  needed to c alculate mass 
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2 .  TECHNICAL APPROACH 

I t  i s  d e s i r able t o  d e t e r m i ne the loca t ion o f  the k e y  i so tope s 

a s  a f u nc t i on o f  t ime a f te r  acc i dent i r.i t i at i on . Ma s s  balances  

a r e  a ba s ic tool  for t r ac k i ng the t r ans f e r s  o f  k e y  i so tope s 

s e lec ted d u r i ng the  cou r se o f  t he acc i de n t  and t he r ecove r y  

pe r iod .  

The goa l s  o f  t h i s  in i ti a l  phase o f  t h e  ma s s  ba lance e f for t we r e  

to pr oduce a compu t e r i z ed data ba s e , c a l c u l a te a pr e l im i n a r y  

m a s s  ba l a nce ( o r  mas s  ba lance s  f o r  d i f fe r e n t  t i me s )  , a nd ma k e  

r e commenda t ions f o r  f u t u re wor k ,  r ecog n i z i ng tha t  up to th i s  

t i me s uch a d a t a  base has  ne i t h e r  been co l le c ted ( f r om the hug e  

co llec t i on o� d a t a  o n  the  TMI - 2  acc i d e nt ) nor co l l ated .
2 

The 

f i r s t  s teps i n  t h i s  e f fo r t we r e ,  t h er efor e ,  to a s semble and 

co l l a te d a ta . 

I n  the f o l low i ng pa r ag r aph s , a d e sc r ipt ion  o f  the appr oach to 

p�ovid i ng , in this i n i t i a l  s t ud y , t he r equ i red compu t e r i zed 

data base and pr e l im i na r y  ma s s  ba lance calcula t i on is  pr e se n t ed . 

Thi s  i s  followed by a comp r e he n s i ve a ss e s smen t  a imed a t  long e r 

t e r m  plann i ng a nd r ecommend a t i on s . 

2 . 1  APPROACH TO CALCULATING PRELIMI NARY MASS BALANCE 

The i n i t i a l  e f fo r t  was to col le �t , colla t e , and f o r ma t  as much 

d a ta as pos s i ble , while foc u s i ng on t hose pa r ts o f  the TMI - 2  

p l a n t  whe r e  mos t  o f  the r ad i onuc l i d e s  a re expected t o  b e  located-

name ly , t he r e �c tor  coola n t , ma k e up and pu r i f i c a t i on , and  l iqu i d  

r ad wa s te sys tems . The pr e l i m i na r y  mas s  ba l a nc e  wor k was  ba sed  

on  a s t r a i ght f o rward u s e  of  t he d a ta ( i . e . , t he mu l t i p l i c a t i on 

o f  conce n t r a t i on s  a nd volumes for  c omponent  cont·:n t s  a t  t imes 

f o r  which t he chr onology d a t a  cou ld be d e v e loped ) .  The compl et e  

n e s s  o f  t he mas s  balance calcula t ion w a s  e v a l u a ted by summing 

t he conc en t r at i on ( volu me p r od uc ts ove r  t he sys tems cons id e r ed ) 

a nd compa r i ng t he ove r a l l  s um f o r  each n uc l i d e  w i th t he t o t a l  
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i n ve n tor y t ha t  wou :d be i n  t he reac tor cor e  a ss um i ng no acc i d e n t  

occ u r r ed . Th i s  was cor r ected f o r  decay t o  t h e  t ime of  the mas s  

b a lance . Liqu i d  and gaseous phases were sepa r a t e l y  consid e r ed 

i n  the analys i s .  

The p u r pose  of  the pr e l i m i n a r y  mas s  bala nce calc u la t ion was 

to per form a f i r s t  estimate of  t he r ad i on u clide d i s t r i bu t ion  

1n the  pla n t . The ove r a l l  pla n t  i s  conce i ved i n  te rms of  bu i ld 

i ng s ,  syste ms (wh ich a re u s ua lly b u t  not a lways who lly con t a i ned 

w i thi n one bu i ld i ng ) , components  tha t ma ke up a sys tem, and 

phases  (i . e . ,  g a s ,  l i qu i d , sol i d ,  a nd s u r face ) w i t h i n  a component . 

Exhi bit 2-1 s hows the bu i ld i ngs a nd sys tems that  we r e  potent i al ly 

i n volved i n  t he t r an s fer or accumu l a t i on of  r ad i on uc l i d e s  r e leased 

f rom the fuel d u r i ng the acc ident  and i ts a f te r math . Th i s  ne twor k 

of systems wou ld u l t imately have to be cons i d e r ed i n  d o i ng a 

comple te mas s  balance calcu la t ion .  However , t he pr e l i m i n a r y  

ma ss ba l a nce c a lc ul a t i on wa s based o n  cer t a i n  por t ions of the 

sys tem , s e lec ted accor d i ng to data  ava i la b i l i ty .  The pr i ma r y  

coolant  sys tem , the ma keup and pur i f i c a t i on sys tem , a n d  the 

l iqu i d  r adwa s te system ( i nc lud i ng the r eac tor bu i ld i ng and a u x i l i 

a r y  bu i ld i ng s umps ) were cons idered i n  c a l c u l a t i ng t he pr e l i m i n a r y  

ma s s  ba la nce for l i qu id s .  For gases , t he r ea ctor con ta i nment 

bui ld i ng ,  the r eac tor coolant system,  a nd the hea t i n g , ven t i la

t ion , and a i r  cond i t i on i ng sys tems we r e  cons i d e r ed . 

Gas  r e lease s  d u r i n g  t he acc i dent are  documented gener a l ly a s  

r e le a se s  f r om the s ta t ion ven t ,  b u t  the s ta t i on vent f lows a r e  

n o t  we ll de f i ned . Documentat ion of  t r a n s f e r s  w i t h i n  t h e  sys tems 

feedi ng the vent i s  pa r t icular ly incomple te . Con ta i nment concen

t r a t i ons a nd the  cont a i nment vent i ng are we l l  docume nted . I n  

t he pr e l im i na r y  mas s  ba lance c�lcu l a t ion , the amoun t s  o f  ma te r i a l s  

in g a s e s  wer e  d e r i ved f r om d a t a  o n  conta i nmen t  concen t r a t i on s . 

L i q u i d s  were t r a n s f e r red i n  complex sequences of  eve n t s ;  much 

of the chronology defini tion in this preliminary mass balance 
work addresses liqu i d tran s fers .  
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An a spec t o f  i mpor tance to the p r e l i m i n a r y  ma ss balance wor �  

i s  that the p r e sen t ly ava i lable data  i nc l udes v i r tua l ly a l l  

t h 2  gas phase ( i nc l ud i ng a i r bo r ne par t iculates ) d a t a  t h a t  w i l l  

eve r be ava i lable , much of  the total poten t i a l  d a t a  ba se for 

l i quids , and essen t i a lly no data on solids or  sur faces . The 

log i ca l  order  of cleanup is in the order  of gases f i r s t , then 

l i qui ds , w i th sol i d s  and s ur faces la s t ; the a ppr oach to the 

pr e l i m i n a r y  mass ba lance calcula t i on ,  t he r e f or e , focuses on 

gases and l i quid s . 

The acc ident chr onology cons idered i n  the pr e l i m i n a r y  mas s  balance 

calcul a t i on was deve loped f r om a table o f  events based on ava i la ble 

documen t a t i on f or sys tems and componen ts that a r e  j udged t o  

conta i n  the  g r e a test r ad i on uc l ide i nventor y .  Th i s  i s  d i scussed 

in deta i l  ;n Sec t ion 3 . 3 .  Note tha t the amoun t  o f  mate r i a l  

tr ansfer red between components was developed a s  par t  o f  the  

acc ident chr onology . 

In the development cf the acc ident chronology , the  events o f  

impor tance became prog r e ss i ve l y  less f requent a s  the acc i den t 

p r og r essed and cleanup star ted . Dur i ng the f i r s t  day  the f low 

chronology wa s qui te complex because o f  the  ac t ions taken to 

ach i eve a s a fe sh utdown . These ac t io ns i nc luded the ope r a t i on 

o f  t he h i gh-pressur e  i n j ec t i on syste m a nd t he use o f  va r io us 

ma keup and letdown sys tem components . The f low c h r onology d ur i ng 

the next wee k or so was based on concerns about a h yd r ogen bubble 

i n  the r ea c tor coolant sys tem . After  appr o x i ma tely a mont h , 

�or e  c oo l i ng was a ccompl i s hed by natur e  convec t i on .  The �e maj or 

events r e s u l ted i n  prog r e s s i vely s imple r f low c h r onolog i e s . 

G i ven the emph a s i s  of t he i n i t i a l  s t udy phase , n uclear  a nd chem i 

c a l  c h a r a c te r i s t ic s  o f  the i sotopes and mas s  t r a n s fe r  mec h a ni sms 

o t h e r  t h a n  i d e nt i fi ed volume t r ans f e r s  wer e  not cons i d e r ed . 

The ident i fi ed ma te r i a l  t ra n s fe r s  d ur i ng and a f te r  the acc ident 

were t r a n s fe r s  of gases o r  l i quids; sol i d  t r a n s f e r s  wer e  not 
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i d en t i f i ed a s  s uch , but occ u r r ed a s  pa r t i c u l a t e s  s uspended i n  

gases o r  l i q u i d s  a nd/or ca r r i ed a long w i th l iq u i d s . 

Er r o r s  a r e  o f  spec i a l  conce r n  because t h e  samp l i ng d a t a  a r e  

not cons i s te n t  i n  t he met hod s  used t o  obta i n  a nd a n a l y ze sample s . 

Fu r t he r , t h e se d a t a  i nc lude ve r y  l i t t l e  i n forma t ion a bo u t  t h e  

e r ro r s .  Mor e  spe c i f ica l ly , t h e  analys i s  e r r or s  ( i . e . , cou n t i ng 

e r r or s )  a r e  commonly a va i la ble ; the  unce r ta i n ty i n  the r ep r e s e n t a 

t i vene ss o f  samples  a nd t h e  unce r ta i n t i e s  i n  volumes a n d  v o l ume 

f l ew r a t e s  a r e  g�ne r a l ly not known . The availabJe e r r o r - r e la ted 

d a ta are  i nc l uded in  t he compu t e r i zed comp i l a t ion o f  da ta . 

Howeve r ,  a systema t ic assessmen t  of e r r or s  i .1 a l l  mea s u r ed and 

c a l c u la ted va l ue s , a nd t he s ta t i s t i c a l  c a l c u l at i on of t he unc e r 

t a i nt y , i s  not poss i b le i n  thi s pr e l i m i n a r y  pha s e . 

2 . 2  FUTURE APPROACH 

Fu tur e  wor k  wou l d  pr imar i ly e n t ai l fu r t h e r  developme n t  of the  

data  base and r e f i neme n t  of  t h e  ma ss ba l ance . I t  i s  a n t i c ipated 

that  t h e  mass ba lance wor k  should eve n t u a l l y  a l low ma ss balances 

to be d e t e r m i ned r e t r ospec t i v e ly to t he t ime o f  shu tdown . In  

t h e  pr oce ss , t he d i s t r i b u t i on and loc a t i on o f  k e y  r ad ionuc l i d e s  

a t  t imes soon a f te r  acc i d e n t  i n i t ia t ion wou ld be  e s ta b l i sh ed . 

The se r es u l t s  should form  a bas i s  for c a lc u l a t ions on t he t r ans-

por t and depos i t i on o f  key i so tope s in  t he r e ac tor bu i ld i ng 

d u r i ng the  f i r s t  few days and pe r ha ps i n  t he r eactor  c oo l a n t  

sys tem d u r i ng t he f i r st hou r s . Det a i led c on s i de r a t i on o f  r ad i o

n uc l i d e  moveme n t s  i n  the r ea c to r  coo l a n t  sys t em a nd r ea c to r  

build i ng c a n  be e xpec ted to have t he g r ea te s t  g e ne r i c  impo r tance 

t owa r d  the " enhanceme n t  of  n u c l e a r  i nd u s t r y  safe ty and r el i a b i l i ty . "1 

The r e  i s  c u r r en t ly a r esear ch e f fo r t  unde r wa y  i n  t he U n i ted 

S t a te s , Eur ope , a nd Japan t o  be t te r  cha r ac ter i ze r ad i onuc l ide 

beha v i or dur i ng an a c c i d e n t  whe r e  fue l damage occ u r s .  Most 

o f  thi s r e s e a r c h  i s  focused on acc i d e n t s  i n  whi c h  c or e  me l tdown 

occu r s . Research a r ea s  i nc l ude f i s s i on p r od uc t r e lease f r om 
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f ue l , chemi s t r y  o f  ce s i um ,  i od i ne ,  and oth e r  f i s s ion p r od uc t s , 

a s  we l l  a s  f i ss ion pr od uc t  t r anspo r t w i t h i n  the  pr i ma r y  sys tem 

a nd conta i nment . The r ole o f  eng i ne e r i ng s a f e g u a r d  f e a tu r e s  

i n  m i t ig a t i ng r ad i on uc l ide  r e leases d u r i ng an acc i d e n t  i s  a lso 

be i ng s t ud i ed .  Th i s  r es e a r ch is d i sc u ssed i n  NUREG-077 2.
3 

Da ta colla t i on a nd the ma ss balance wor k  a r e  i mpor tant pa r t s  

o f  these studi e s . Rese a r c h e r s  have been and w i l l cont inue  s t udy

i ng the  TMI - 2  accid e n t  to dete r m i ne wher e r es e a r ch is  needed 

and to cor r e la te labo r a tory  r e sults  w i th TMI -2 obse r va t ions . 

Nuclea�  power  r eg u la t i on has  been i n f lu enced a nd w i l l con t i nue 

t o  be i n fluenced by the TMI - 2  acc ident . 

The processes  tha t would he cons i d e r ed i n  do i ng a comple t e  r ad i o

nucl ide mass ual a nce c a lc u l a t i on a r e  desc r i bed i n  the follow i ng 

sec t i ons . As the mass balance wor k proceed s ,  some o f  the pr o

cesses i de n t i f i ed may be e l imina ted , and e ffo r ts w i ll be made 

to cor r e la t e  ongo i ng r esearch wor k to the TMI - 2  ma ss balance 

to bette r  c h a r a c t e r i ze i mpor tant processe s . 

2. 2. 1 Ma te r i al T r an s f e r  Mechan i sms 

Exh i b i t  2- 2 i s  a d i ag ram of mass t r ansfer  mechan i sms pot en t i ally  

ope r a t i ve d u r i ng the cou r se o f  the  acc ident  and t he r ea f te r . 

Tr an s f e r s  o cc u r r ed be tween sys tem components ; volumes o f  g a s  

o r  o f  l iquid moved f r om one component to anothe r , c a r r y i ng par t ic u 

l a te s  a nd/or solids i n  some i nstances . Trans f e r s  also occ u r r ed 

be twee n  pha s e s  w i th i n  a componen t .  

2. 2.1.1 Between System Component s  

Tr a n s f e r r ed g a s e s  could conta i n  d r ople t s  o f  l iqu i d  (ca r r y-ove r }  

a nd/or sol id par t i c u l a te s . Transfer r ed l i qu ids could con t a i n  

g a s  d i ssolv ed und e r  pr e s s u r e  and/or suspended sol id s .  Cer tain 

sys tem components a r e  d e s ig ned to r emove r ad i on uc l ides from 

fl.Qw s t r e ams : c ar r y-over a nd par t iculates will be par t ly r emoved 
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f r om g a s eous  s t r ea.n3 by a f il te r ; s uspended sol i d s  w i ll be pa r t l y  

r emoved f r om aqueous s t r eams by a f i l t e r ; and d i s solved sol i d s  

w i ll b e  par t ly r emoved f rom l i quid s by dem i ne r a l i ze r s .  

The r ecord s  o f  mate r i a l  t r an s f e r s f r om c omponen t  to component 

are  gener a ll y  l i mi ted to r e cords  o f  l i qu i d  t r an s f e r s  ( e . g . , 

valves  wer e  opened , a pump s ta r ted , a nd a f low con t i nued for  

a p e r i od of  t ime ) . The s e  r ecor d s  a r e  i nc l uded in  the i n i t i a l  

d a t a  ba se on chronology t hrough Apr i l  30, 1979. F u t ure effor t s  

w i l l  e x tend that chr onology i nsofar  as the  data w i l l  a l low . 

Add i t i ona l ly , impr oved sys tem d e s c r ipt ions , i nc l ud i ng d e f i n i t ion 

o f  vol umes con ta i ned in  p i p i ng between s i gn i f icant  componen t s , 

wou ld a i d  i n  mas s  t r ans f e r  a s s e s sme nt s . I n  gene r a l , gas volume 

t r an s f e r s  a r e  not we l l  de f i ned by ava i la b le r ecor d s , but the r e  

a r e  r ecor d s  o f  gas pha s e  mate r i a l  r e l e a s e s . Sol id s  tran s f e r s  

occu r r ed gener a ll y  a s  ma t e r ia l  s u spended i n  o r  s l u i ced a long 

w i th l iqu i d s  and the r e for e w i l l  have to be c h a r a c te r i ze d  v i a  

s amp li ng and obser va t i ons d u r ing c leanup . 

2.7.1.2 W i th i n  Sys tem Compone n t s  

Mate r i a l  t r a ns f e r  w i t h i n  a g i ven component o r  s y s t e �  u l t i ma t e l y  

wi l l  b e  o f  g r e a te s t  i n te r e s t .  Such ma te r i a l  t r ansfe r s  w i l l 

t a k e  place i n  t h e  r e ac tor conta i nment bu i ld i ng and t h e  a u x i l i a r y  

bu i ld i ng , a s  wel l  a s  the reac tor vess e l  i ts e l f .  

T r a n s f e r s  be tween ga s e s , l i q u i d s  ( pr imar i ly wat e r ) ,  s ol id s , 

and s u r f a c e s  w i l l  be con s i d e r ed . Becau s e  o f  d a t a  l im i ta t i on s ,  

i t  i s  un l i k e ly t h a t  e a c h  o f  t h e s e  t r a n s fe r s w i l l  b e  separately 

defined. Such t r a n s f e r s w i l l need to be add r e s sed i n  the f u t u r e  

a s  m o r e  i nf or ma t i on becomes ava i la b le a nd i d en t i f i c a t i on o f  

a l te r n a t ive  mecha n i sms become c le a r e r .  Ca r r y-over ( a nd set t l i ng )  

o f  l i qu i d s  i n  ga s s t r e a ms a r e  l i ke l y  to be s ign i f i c a n t  mecha n i sm s  

f o r  gaseous pa t hway s ,  because i t  has  bee n  noted tha t wat e r  was 

transported to the reactor building a nd radwaste disposal gas 

vent header. Adsorption/desorption from gas e s  onto surfaces 
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ar e pr e s umed impor t an t  i n  bu i ld i ng vent i ng ,  af t e r  wh i c h  conce n t r a

t i ons i n  the gas phase c an bu i ld up ag ain d ue to d e s o r p t i on . 

Gas evolu t ion i s  impo r t an t  in  cases whe r e  l i q u i d s  und e r  h i gh 

p r e s s u r e  ar e t r an s fe r r ed to low p r e s s u r es . I t  i �  p r e sumed t h at 

a major  mechan i sm for sol i d s  t r an spor t was i n  the for m o f  s u s pended 

m at e r i al s  in l i q u i d s ; hence , s e t t l ing o f  s u spended sol id s f rom 

l i q u i d s  i s  i mpo r t an t . 

2 . 2 . 2  Rad i on uc l i d e  C h ar ac t e r i s t ic s  

T h e  mas s  t r an s f e r  mec han i sms d e s c r ibed i n  th�  p r eced i ng sect ion 

are af f ec ted by the c h ar ac te r i s t ic s  of the r ad i onuclides  be i ng 

cons i d e r ed . These char ac te r i s t ics i nc l ud e  pr ecu r so r  and d aught e r  

r e l at i onsh ips , vapor p r essu r es , solub i l i t i es , and othe r s . 

2 . 2 . 2 . 1 Rad i onucl i de P r ecu r so r s  

C he m i cal prope r t i e s  c an b e  af fec ted by r adionuclid e  decay as 

s hown on Exh i b i t 2-3. I n  cases o f  k r ypton- 8 5 ,  s t ront i um- 8 9 ,  

s tr on t ium- 9 0 , and ces i um- 1 3 7 , the  p r e c u r sor n u c l i d e s  h ave h al f 

l i ves i n  the r ange of 3 to 1 5  m i nu t e s . Th e sequence o f  event s 4 

i n di c ates t h at t he core ove r he at i ng occu r r ed be twee n  1 . 9  and 

abou t 3 . 2 5 hou r s  af t e r  scr am ;  hence , t h e  3 - to 1 5-m i nu t e  h al f

l i fe p r e c u r sor s would h ave l ar g e ly decayed b e f o r e  r ad ioac t i v i ty 

w as r e le ased fr om the fuel . C e s i um- 1 3 4  i s  for med by a neu t r on 

ac t i v at i on o f  s t able ce s i um ; hence , t h i s  nucl ide  ceased to be 

forme d  at scr am .  Ur an i um- 2 3 8  i s ,  of cou r se , the maj o r  cons t i t u e n t  

o f  t he f ue l  and was t h e r e  p r i o r  to s c r am .  Plu ton i um- 2 3 9  i s  

p r eceeded by 2 . 3-d ay neptun i um- 2 3 9 , bu t bot h  these nuc l ides  

are ac t i n ide  r ar e  e ar th s  and , they cou ld be e xpec ted to be  t r an s 

por ted toge the r .  Tr i t i um i s  formed d i r ec t ly b y  t e r nar y  f i s s i on 

i n  the f ue l  and by neu t r on ac t i v at ion o f  bor on- 1 0  and l i th i um-

6 i n  the r e �c tor coo l an t . Iod i n e- 1 2 9  i s  pr eceded by 7 4-m i nu te 

te l l ur i um , wh i ch is p r eceded by 4 . 6 -hour ant imony . I od i ne- 1 3 1  

i s  preceded by a split c hain : 8 5 % i f  formed via 2 5-m i n ute t e l l ur i um 

and 23 . 1-minute an t i mony; t he other  1 5  percent is preceded by 
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t he 2 5-mi n u t e  te l l u r i um ,  3 0 -hou r  t e l l u r i um ,  and 2 3 . 1-m i nu t e  

ant i mony . Hence , a f r a c t ion ( 1 5  pe r ce n t )  o f  t h e  i od i ne- 1 3 1  

i s  pr eceded by a 30 - hour  p r e c u r sor . Xenon-1 3 3  i s  pr eceded by 

a 2 0 . 5 -hour iod i ne . As noted , for th i s  i n i t i a l  phase , p r e c u r sor. 

t r anspo r t  is not cons i d e r ed ; at some l a t e r  t ime , pa r t i c u l a r l y  

for i od i ne -1 2 9  a n d  xenon-1 3 3 ,  i t  may b e  u s e f u l  t o  con s i d e r  t h e  

e f fect o f  t h i s  f ac tor o n  p r e c u r sor t r a n spor t .  

Rad i onuc l i de decay and the a ssoc i a ted chem ic a l  changes have 

been a s s u med to be neg l i g i ble i n  the p r e l i m i n a r y ma s s  balance 

d e te r m i na t i on . Howeve r ,  chemi c a l  change s due to r ad i onuc l i d e  

decay c a n  b e  impor tant and w i l l  b e  cons i d e r ed i n  futu r e  wor k . 

2 . 2 . 2 . 2  Vapor Phase 

In  gene r a l  t e r ms , t he vapor pha s e  may have been o f  ma j or i mpor 

tance i n  ma s s  t r an s f e r  events d u r ing t he acc i dent  i n  those r e gions  

whe r e  ve r y  h i g h  tempe r at u r e s  may have e x i sted.  Gen e r a l  g u i d ance 

r e l a t i ve to t he proba b i l i ty o f  the key  i sotop�s be ing t r anspor te d  

a s  gaseou s molecul e s , pa r t i c u a l ly i n  h i g h -t empe r a t u r e  r eg ions , 

can be obta i ned f r om con s i d e r a t ion o f  the  vola t i l i t i e s  o f  f i s s i on 

p r oducts and the i r  compounds a s  a funct i on o f  t empe r a t u r e  and 

under the  ox i d i z ing  and red uc ing cond i t i on s  s hown on Exh i b i t  2 -4 .  

B r i e f ly , these  equ i l ibr i um pr ope r t i e s  tend to put i sotopes i nto 

g roups : 

densable.  

The  noble gases  ( k r yp ton- 8 5  and  x enon- 1 3 3 )  are  noncon

The h a logens  ( i nc l ud i ng i od i ne- 1 2 9  and iod i n e -1 3 1 )  

have h ig h  vapor p r e s s u r es a t  t he e x t reme t empe r a t u r es i n  an  

ove r he a ted r eac tor cor e a nd can e x i s t  ( d e pend i ng on a ve r y  comp l e x  

c he m i s t r y )  a t  v e r y  s i gn i f i cant  vapor pr e s s u r e s  e v e n  a t  amb i e n t  

t empe r a t u r e s . The a l k a l i met a l s  ( i nc l u d i ng c e s i um- 1 3 4  and ces i um-

1 37 }  a r e  a l so ver y  vola t i le at the h i �h t emper at u 1  :s in an  uncover e d  

c o r e  bu t a r e  e s s en t i a l ly nonv ola t i le a t  amb i e n t  condi t io n s .  

S t r on t i um ( s t r on t i um - 8 9  a n d  s t r on t i um- 9 0 )  m a y  have a g r ea t �r 

vapor pr e s s u r e  than u r a n i um ( under  redu c i ng cond i t ions ) o r  a 
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l e s s e r  vapor p r e ss u re ( under ox i d i z ing cond it ions ) .  Ur a n i um- 2 3 8  

and p l u ton i um-2 3 9 , l i k e  s t ron t i um ,  are gener a l ly con s i d e red 

to be r 0f r actory e leme n t s  (i . e . , e lemen t s  w i t h very low vapor 

p r e s s u r e s )  . 

The i n it i a l  mas s  balance st ud i e s  cons i d e r  the d i s tr ibu t i on o f  

r ad i oa ct i ve m a te r ia l s  at  t ime s a f te r  the e x i s tence o f  the e x t r eme

ly h i g h  tempe r a t u re s  i n  the r ea c tor core . The vol i t i t i e s  o f  

the k e y  r ad i on u c l ides  and t he i r pr ecu r so r s  w i l l  b e  s i gn i f i c a n t  

in f u t u r e  s t ud i e s .  

2 . 2 . 2 . 3  Ae r o s ol Phase 

A vapor pha s e  can a ls o  tr anspo r t su spended pa r t i c u l a t e s , e i the r 

l i qu id pa r t i c u l a te "ca rr y-ove r "  or sol id parli �u l a t e s . Such 

ae rosol  pa r t i c l e s , i f  v e r y  f i n e l y  d i v i ded , can r emajn s u s pe nded 

f or many hou r s  bu t do not r e p r e sent  a �  equil i br i um cond i t i on . 

Apa rt f r om the s ample s  of  a i r bor ne pa r t i c ula t e s  wh i c h  w e r e  ta ken 

to i nd i cate conce n t r a t i on s  a t  t he t ime o f  sa mp l i ng , t he r e  may 

be mor e  to be l e a rne d a bou t a e r osols  by exam i n a t ion of s u r faces  

a nd so l id m a t e r i al s ;  s ome o f  t h ese mat e r i a l s  may have e x i sted 

as ae r osol  pa r t i c u l a te s  in one t ime pe r i od d u r i ng the acc i de n t . 

Aerosol par t i c l e  forma t ion may occu r  by means o f  conde ns a t i on 

o f  ma te r i a l  f rom a concen t r a ted vapor , i n  wh i c h  case  t h e  pa r t ic le s  

tend to be agg lomer a te s  o f  v e r y  t i ny s phe ri c a l  pr i ma r y  par t ic l es .  

Pa r t ic l e s  formed by the ene r ge tic pr oce s s  o f  quench i ng v e r y  

hot f u e l  r od s  would tend t o  b e  i r r e g u l a r  f r a gmen t s . O f  cou rse , 

t he par t i c le s hape s may have be en changed d ue to pa r t i a l  d i ssolu

t i on o r  p r ec ip i t a t i on d u r i ng e x tended con t ac t  w i th w a t e r . 

S u r face s may r ecor d  pas t  mass  t r an s f e r  pr oces s e s  i nvolv ing par tic u

l a t es .  Some p r oce ss e s , S'lCh a s  s e t t l i ng a nd w a s ho u t  by spr a y s , 

w i l l  tend to d epos i t  ma te r i a l  on hor i zo n t a l  sur face s.  Other  

p r oce s s e s  ( i . e . , d i f f u s io phor e s i s  a nd the r mophor e s i s )  c an d e po s i t  

pa r t i c l e s  on cool e r  s u r face s , i nclud i n g  w a l l s . The cons i d e r a t i on 
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o f  s uch p r oc e s s e s  w i l l  depend on the ava i la b i l i ty o f  d a ta adequate 

t o  j us t i fy s uch evaluat i on s . 

2 . 2 . 2 . 4 Aqueou s Phase 

Gene r a l  g u idance r e l a t i ve to the p r obab i l i ty o f  key i so tope 

t r anspor t v ia the aqueous phase can be g a i ned by r e fe r ence to 

the  Pou r ba i x d i ag r ams on Exh ibit 2-5 . The s e  d i ag r ams show the  

pH  and r ed uc t ion pot en t i a l  r a nges of s ta b i l i ty o f  chem i ca l  spec i e s  

t h a t  conta i n  one o f  t h e  k e y  r ad i onucl ides  i n  aqueous solut i on 

at room temper a t u r e . The noble gases ( k r ypton -8 5 a nd xenon-

1 3 3 ) ,  wh i ch a r e  not shown on Exh i b i t  2 - 5 , e x i s t  for pr a ct ica l 

pu r poses only i n  e lemental  form. They have a sma l l  aqueous 

solubi l i ty , bu t the d i s solved conce n t r a t ions  can be s ign i f ic an t , 

wi th a h i gh overp r es s u r e .  I od i ne ( i od i ne -1 2 9  and i od i ne- 1 3 1 )  

can e x is t  i n  aqueous sol u t i on i n  the f or m  o f  seve r a l  v e r y  soluble 

spec i es , some o f  wh i ch a r e  vol a t i le ;  i od i ne i s  not l i ke ly to 

be found i n  i nsoluble sol i d s . Al though i n  the i n i t i a l  mas s  

balance e f for t p H  and r ed uc t i on pot en t i a l s  o f  t h e  pe r t in en t 

s o lu t i on s  a r e  not cons i d e r ed ( i . e . , s uc h  d a t a  a r e  not presently 

i n  t he data bas e ) , i t  may be u s e f u l  i n  f u t u r e  stud i e s  to tabu la te 

s uch data  a s  e x i st i n  order  to h e lp keep t r ac k  o f  the che mical 

form o f  t he i od i ne . Ces i um ( ce s ium- 1 3 4  and ce s i um- 1 3 7 )  has  

a ve r y  s imple aqueous chem i s t r y  as  a mono-pos i t i v e  i on ;  ces ium 

compounds are  gener a lly soluble so ce s i um w i ll tend not  to  be 

i n  i nsolubl e , s ol id s . S t r on t i um ( s t r on t i um- 8 9  a nd s t r on t i um-

9 0 )  a l so h a s  a s imple chemi s t r y  as a d iv a l e n t  a l k a l i ne e a r t h  

m e t a l , bu t i t  forms many compound s o f  low solub i l i ty a n d  w i ll ,  

t h e r e for e , tend to e x i s t  i n  both solu t i on a nd sol i d  phase s . 

U r an i u m- 2 3 8  and plu tori um- 2 3 9  a r e  act i n id e  r a r e  e a ct h  e le n1en t s  

w i th s e ve r a l  s ta ble valence states w i th soluble compounds but , 

l i k e  s t ront i um ,  w i ll tend to e x i s t  i n  bot h  aqueous and s o l ie 

phases . Plu ton i um oxide has a tendency to e x i s t  a s  a col loid 

and , henc e , may a ppe a r  a s  i f  i n  sol u t i on a t  conc e n t r a t i ons h ig h e r  

t h a n  i ts solub i l i ty .  
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Aga i n , f u t u r e  s t ud i e s  w i ll need to i ncor po r a te con s id e r a t i on s  

o f  so l u b i l i ty i n  mak i ng mor e  soph i s t i ca t ed mas s  ba la nce a s se s s 

ments . 

2.2.2. 5 Sol id Pha s e  

Pa r t i c u l a t e s  a n d  sol i d  f r agmen t s  of  f i s s ion p r od uc t s , f u e l  ma t e r i a l , 

and so f o r th wer e  not i n te n t i onally t r an s fe r r ed d u r i ng the  acc ident  

so the  sequence o f  even t s  does not  prov i d e  any r ecord o f  such  

t r a n s fe r s . B u t  t hese sol id s  we r e  c ar r i ed a long w i t h  l i qu id s . 

The quant i t i e s  t r ans fe r r ed , a s  we l l  a s  the r ad i onuc l ide  concent r a

t i ons in  them , mu s t  the r e fore be obta i ned f r om o t h e r  sour ce s . 

The tota l ( s u s pended ) sol i d s  conce n t r a t ion i n  l iq u i d  s ample s 

(where  s uch a r e  ava i lable ) i s  i n s t r uc t i ve bu t not gene r a l ly 

conc l u s ive becau se the se s ample s  do not r epre sent the g r e a t  

mass of  sol id s  t r a n s fe r r ed i n  e a r l y  acc i d e n t  phas e s . The sol i d s  

con tents of  many components  may be r easona bly e s t i mated only 

d u r i ng t he p roce ss o f  c le an up o f  t hose componen ts . 

Anothe r fea t u r e  of  sol id f r agmen ts and pa r t i c u l a t e s  i s  that  

they may  have  s t r a t i f i ed and/or s ubsequently s o l i d i f ied  onto 

component s u r face s . I t  may be d i f f ic u l t  to obt a i n  adequate 

s amples of  par t i c u l a te mater j al in  these cond i t i on s . For the 

s ame r ea son , the se sol id ma ter i a l s  s hoJld pr ov i d e  a mor e  l a s t i ng 

r ecord than l i q u i d s  or g a s e s . Future illcts s  balance wor k  w i ll 

have  to f oc u s  on obta i n i ng par t i c u l a t e  d a ta a s  they become ava i l

a ble d u r i ng r ecov e r y  ope r a t i ons . 

2.2 . 2. 6  S u r face Phase 

O f  a l l  the  i nte r ph a s e  t r a n s fe r s , those f r om l iqu i d s  and gases 

to s u r f ac e s  may be most s ig n i f i cant in add r e ss ing  the  behav i or 

o f  r e le a sed n uc l i d e s  because s u r faces i n  some components  ( e . g . , 

the  r ea c tor bu i ld ing ) represent impor tant s i nks for these r a d i onu

c l i d e s  and  bec a u s e  s u r face depos i t i on ( i n many cases ) r ema i ns 

to a l l ow sampl i ng . 

2 - 1 6  



Ma te r i a l  can be sor bed on s u r f a c e s  f r om l i qu i d s  or g a s e s  a s  

a toms o r  mo lec u l e s ; the proc e s s  i s  poten t i a l ly r e ve r s i ble . 

Mate r i a l  can p r ec i p i t a te f r om t he aqueous phas e  onto s u r f a c e s  

o r  w i th i n  the volume o f  t h e  aqueous pha s e  a n d  s e t t le . Suspe nded 

m a te r i a l  i n  e ither  g a s e s  or l i q � i d s  can a l so s e t t le onto s u r face s . 

Se t t l i ng r e s u l t s  in mor e  depos ition on hor i zontal  than on ve r t i c a l  

s u r faces . I n  many cases , debr i s  may have accumu lated on s u r f a c e s  

p r ior to t h e  accident  ( e . g . , cons t r uc t ion debr is ) . 

The d e f i n i t ion o f  s u r face-phase subs tance s , for �r agma t i c r e a sons , 

m u s t  i nclude whatever i s  t a ken up i n  the samp l i ng o f  s u r faces . 

I n  other  word s , t he de f i n i t i on i s  imp l i ed by the s ampl i ng proce s s . 

For the p u r poses of  ma s s  ba lance wor k ,  i t  i s  e s sent i a l  that 

the d e f i n i t ion o f  s u r face -phase  ma ter i al i nc l u d e  a l l  mat e r i a l s  

not i n  the gaseou s , aqueou s , or  sol id pha s e s . The i n t e r p r e t a t ion 

of  s u r f ace-phas e  data w i ll , the r e for e , i nvolve con s ide r a t i on 

o f  cons t r uc t i on debr is , adsorpt i on/d e sorpt i on , s e t t l i ng and 

pla teo u t  f r om l i quid s  on s u r faces be low h i gh-wa t e r  ma r ks ,  and 

d e pos i t i on o f  a ir bo r ne par t ic u l a te s . 

2 . 2 . 3  The Acc ident and C leanup Chr onology 

The long e r -t e r m  appr oach to mas s  balance c a l c u la t ions i ncludes  

f i ne r  d e f in i t i on o f  t he sys tems u s ed d u r i ng plant  s t a b i l i za t ion 

and subsequent ac t i v i t i e s , a s  d i scus sed i n  Sec t i on 2 . 2 . I n  

p a r t i cu l a r , c leanup sys tems tha t ac ted a s  s i n k s  to much of  t he 

r e lea sed a c t i v i ty should be d e f i ned . For exampl e , EPICOR I ,  

an or gan i c  r e s i n  dem i n e r a l i z e r  sys tem , was  used  to d e contami nate 

a r e a s  in  TMI - 1 , and EPICOR I I  was  used beg i nning in  Oc tobe r 

1 9 7 9  to decontami nate the TMI -2 a u x i l i a r y  bu i ld ing . A s u bme r g ed 

d emine r a l i ze r  sys tem ( SDS ) was  used  s ta r t i ng i n  the s umme r o f  

1 9 8 1  t o  p roce s s  t he r e ac tor  bu i ld i ng s ump wa ter . 

C h r onology deve lopment i s  of ma j or i mpor tance to the lon g -t e r m  

e ff or t .  The c h r onology o f  l iqu i d  t r a n s f e r  need s  e v e n t u a l ly 

to be deve loped a s  f a r  forwar d  i n  t ime a s  the s amp l i ng and a na ly-
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s i s  prog ram a nd for each impor tant  sys tem up unt i l  i t  i s  decon

tami nated . Gas t r an s fe r s  to the s ta t i on vent need a lso to be 

deve loped for t he pe r i od (of about a mon t h ) d u r i n g  wh i ch r eleases 

occu r r ed ; the conta i nmen t  ven t i ng a l so is  an impor t a n t  e lement 

o f  t he chr onology . F i na l ly , i t  appear s  t h a t  the c h ronology 

of sol id s  trans fer  gene r a l ly w i l l have to be d e d uced f r om the 

d a ta , r ea l i z i ng t h a t  for ce r t a i n  compone n t s  in the ma keup and 

pu r i f icat i on sys tem , the volumes �ccu p i ed by the sol ids may 

be a s i gn i f i cant par t  o f  the tota l  component volumes and w i l l 

t e n �  to man i fest themse lves a s  e r r o r s  i n  the  l iqu i d  volume s . 

2 . 2 . 4  Er rors  

I n  a we ll-pl anned e xpe r imen t ,  e r ror s are  cons i d e r ed both d u r i ng 

the d e s ign and execut ion , a nd e f for ts a r e  e xpended on t hose 

a spec ts that  e xper imen t a l ly prod uce the g r eates t accu r acy i n  

t he f i nal r e s u l t . The TMI - 2  acc ident  was ne i ther  a well-d e s i g ne d  

n o r  car e f u l ly e xecu ted expe r imen t ,  a n d  i t  i s  r ecog n i zed that  

many of the e f f or ts i n  sampl i ng , s ample a n a ly s i s , mea s u r emen t s  

o f  mate r i a l  t r a n s fer , component volumes , a n d  s o  o n  we r e  not 

planned w i th a conce r n  for t he accu r acy of a mass balance . 

I n  the cou r se o f  ma ss ba lance calculat ions , the accur �cy o f  

t he d a ta u sed w i ll v a r y  w i dely . I t  t h e r e for e  become s mor e  i mpor 

t a n t  ( th a n  i n  a wel l-d e s i gned expe r imen t )  to e s t i ma t e  e r r o r s 

and unce r t a i n t i es i n  data v a lues and i n  the v a l ues o f  f i n a l  

r e s u l t s , s uch a s  the mas s  ba lance clos u r e  ( i . e . , f r ac t i on o f  

a n  i so tope accounted ) .  

Gene r a ll y  the only ava i lable d a ta r e levant to e r r o r s  a r e  t hose 

repor ted w i t h  the  r ad i ochem i c a l  analyses . Thes e  e r r o r s  a r e  

t h e  unce r ta i n t i e s  i n  t h e  rad i ochem ical analyses calculated f r om 

the  s ta t i s t ic s  a s soc i a ted w i th t he count ing o f  r a d i oac t ive decay 

e ven t s . 

Other  uncer t a i n t i e s  t h a t  mus t  be cons i d e r ed ( a nd may we l l  be 

much l a r g e r  i n  many cases than t he count i ng e r r or ) a r e  the u nc er -
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t a i nt i e s  i n  sampl i ng ( i . e . , the unce r ta i n ty w i th wh ich  the  s ample 

r ep r es ents the total vol ume or ma ss that i t  is pr e s umed to r e p r e 

sen t )  a n d  t he unce r ta i nt i e s  i n  t h e  vo l ume ( o r  ma s s )  value s . 

Unce r ta i n t i es i n  the vol umes of  components ( e . g . , tank volume s , 

vo id volumes i n  f i l te r s ,  and dem ine r a l i z e r s )  and the volumes 

of mate r i a l  t r an s f e r r ed ( e . g . , t he volume f low r a tes and f low 

t imes ) a r e  also  of i n t e r e s t  in the long te r m .  

I t  a ppe a r s  that  e r r or analyses w i ll g r ad u a lly accr ue , f i r s t 

to i d e n t i fy values  that a r e  i ncons i s tent w i th the other  r e la ted 

data po i n ts ( and , hence , to i d e n t i fy q ue s t i ona ble v a l u e s )  and 

second to quan t i fy the pr ec i s ion o f  ma ss ba lances calcula ted 

i n  d i f fe r ent ways or for d i f f e r ent t imes . 

2 . 3  SUMMARY OF THE TECHN I CAL APPROACH TO MASS BALANCE CALCULATI ONS 

The tech n i ca l  a pp r oach to mass balance ca lcu l a t i ons i nc l ud e s  

an i mmed i a te approach ( for  pr e l i m i na r y  m a s s  ba lance calcula t ions ) 

that  ens u r es that  t he use o f  p r e s e n t ly ava i lable data  w i l l con t r i 

bu te t o  a longe r -t e r m  e f for t .  Included i n  the i mmed i a t e  appr oach 

were  the e s tsbl i shment of a data ba se sys tem and data  col lec t ion 

r e la t i ve to sys tem d e sc r p t i ons , chr onology of ma ss t r ans fe r s , 

and sample analyses . The f i r st  s t udy phase focused on the systems 

e xpec ted to conta i n  the mos t r ad i oac t i v i ty ( i . e . , the r eactor 

coolant , ma k e up and pu r i f i c a t i on , and l i q u id r adwaste sys tems ) . 

The chr onology was d eve loped w i th pr i ma r y  focus on these sys tems 

and s t a r t i ng f rom r e ac tor shu tdown . I t  was impor tant a l so to 

c a l c u l a t e  a pr e l i m i n a r y  mass balance , to d emon s t r ate th i s  appr oach 

u s i ng the  data base , and to i d e n t i fy r ecomme nd a t ions for f u t u r e  

wor k .  

I n  the  longe r  t e r m  i t  appe a r s  l i ke ly t h a t  acc r ua l  of  a l l  pe r t i ne n t  

data  w i l l r ema i n  a va l id obj ec t i ve towa r d  a compl e te account ing  

o f  k e y  i sotope s . Mor e  d e ta i le d  i nve s t i g a t i ons w i l l foc u s  on  

what  h a ppened , i n  t er ms o f  m a t e r i a l  t r ans fer , i n  the  r e ac to r  

bu i ld i ng a n d  r eac t or coolant  sys tem . 
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-------------------------------------- ---- -

ba lance s . The complex i ty o f  t h e  data  base , t he e xpec t a t i on 

t h a t  d a t a  w i l l b e  added to i t  for seve r a l  yea r s  to come , and 

t he e xpec t a t i on t h a t  i t  w i ll be u s ed over a nd over s ugg e s t  the 

d e s i r ab i l i ty o f  comput e r i z i ng the d a ta . Add i t iona lly , t h e  d a t a  

p e r t i nent  t o  mas s  balance c a lc u la t i on s  a r e  not collated sepa r a te l y  

f rom t h e  e no r mou s mas s  o f  gene r al d a ta f r om t h e  TMI -2 acc id�nt  

a nd are  d i f f i cu l t  to  f i nd a nd r e tr i e ve .  The compu t e r i zed d a t a  

b a se , w i th r e fe r ences t o  t h e  or i g i na l  o a t a  sou r ce s , w i l l ma ke 

t he p ro ce s s  o f  deve lopi ng mass ba lances  mor e open to scr u t i n y . 

Another  seconda r y  obj e c t ive i s  the deve lopme n t  o f  r ecommend a t ions 

for f u t u r e  wor k . It is r ecog n i z ed that samp l i ng o f  many compo

n e n t s , e spec i a l ly of sol i d  ma te r i a l s  w i th i n  compone n t s , i s  s t i l l 

pos s i ble ; t he pr e l im i n a r y  mass ba lance c a lc u l a t i on s  w i l l prov ide 

some i n s i g h t s  for r ecommend a t ions on pr ior i ty o f  sampl i ng and 

ana ly s i s . S im i la r ly , t he p r e l imi na r y  wor k  may s ugge s t  f u t u r e  

deve lopmen t s  i n  d a t a  base management  t h a t  would fac i l i ta t e  be t t e r  

ma s s  ba lance c a lc u la t i ons . I t  i s  a l so e xpec ted t h a t  a n  i nc r ease  

in  th0  var i e t y  and soph i s t icat ion of  c a lc u la t ions w i l l be pos s ible 

a nd w i ll p rov ide e s t ima tes o f  conce n t r a t i on s  and vol· ,me s for 

t imes  a nd compone n t s  beyond those cover ed by the l im i ted d a ta . 

I n  s u mma r y , t he obj ec t i ve s  a r e  to prov ide a compu ter i zed d a t a  

base to s uppor t ma s s  ba lance d e t e r m i na t ions , to c a lc u la te a 

p re l im i na r y  mas s  balance ( or mas s  ba lanc e s ) ,  a nd to r ecommend 

f u t u r e  wor k to i mp r ove ma s s  balance s .  
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3 .  MASS BALANCE DATA BASE 

The TMI - 2  ma s s  balance d a ta ba se con t a i n s  i n te r r e la ted d a t a  

t o  s uppo r t  calcu l a t i ons o f  ma s s  balance s . The s e  d a t a , s to r e d  

i n  r ecord form , h a v e  been o r g a n i zed a s  e i g h t  d i f fe r e n t  t a b l e s  

w i th un i que forma t s  ( Exh i b i t  3 - 1 ) . A table i s  a f i le o f  homo

geneous reco r d s  w i th an a s soc i a ted d e s c r ipt ion o f  t he f i eld s 

conta i ned i n  each r ecord . All  f i elds w i t h i n  a g iven record 

are  sea r chable ( r ec o r d s  may be  selec ted o r  loc a ted by t he value 

o f  any f i e ld )  ty  the data  base manageme n t  sys tem d e sc r i bed br i e f l y  

i n  Sec t ion 3 . 6 .  

As i nd ica ted i n  the prev i ou s  sec t i on , a v a r i e t y  o f  d a t a  i s  r e 
qu i r ed t o  calcu la te even pr e l im i n a r y  ma s s  ba lanc e s  on key r a d i o 
nuc l i d e s  a t  se lec ted t imes fol low i ng the onset  o f  the TMI - 2  

acc i d en t . Apa r t  f r om the f u ndame n t a l  i n forma t i on o n  t he r ad io

n uc l i d e s  themselves  ( i n i t ia l  i nventor i e s , decay r a t e s , e tc . ) ,  

d a ta a r e  requ i r ed for a f fec ted sys tem a nd compone n t  d e sc r ipt ions  

( loca t ions , volume s , s u r face a r ea s , ope r at i ng pr e s s ur e s , t empe r a

t u r es , e tc . ) , r e s u l t s  o f  analyses o f  s amples t a ken o f  the  con t en t s  

o f  those sys tems and componen t s , a nd a h i s to r y  o r  c h r onology 

o f  ma s s  t r an s f e r s  ( f lows be tween s y s tems a nd componen t s )  ove r 

t ime fol low i ng onset o f  the acc i d en t . 

The sou r ce s  o f  d a t a  a r e  d i ve r se , pa r t i c u l a r ly w i t h  r e spec t t o  

r ad i ochem i c a l  analyse s . I n  the ear ly per i od fol low i ng onset 

o f  t he acc i de n t , s a�ple analyses were  done by , o r  on beh a l f  

o f , a numbe r o f  o r g an i za t i on s  othe r t h a n  GPU ( Gene r a l  Pub l i c  

U t i l i t ie s ) , and i d en t i f y ing t he mer e  ex i s tence o f  s ample s t a k e n  

be f o r e  Apr i l  1 0 , 1 9 7 9  ( w h e n  a Sample Coor d i na t o r  wa s e s tabl i shed ) 

was d i ff i c u l t . S im i l a r ly , sys tem d e sc r i p t i o n s , i nc lud i ng d a t a  

on the leng t h  o f  p i pe r un s  betwe e n  componen t s , o r  i n i t i a l  compo

nent  volumes ( i . e . ,  a t  acc ident i n i t i a t i o n )  a r e  not r ea d i ly 

ava i lable . Thu s , a ss embly , ver i f ic a t ion , and  c o l la t i on o f  d a t a  

requ i re s  a systema t ic a nd comp r ehen s i ve s e a r c h  o f  i n fo r ma t i on , 

p r e f e r a bly f r om d oc umen ted sourc e s . 
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TABLE NAME: ISOTOPE 

TABLE NAME: SAMPLE 

TABLE NAME: SYSTEM 

TIME 
Y M O H M S  

A A A A A A A A A A A A  

X X X E  X X  

TABLE NAME: CHRONOLOGY 

�VENT NUMaER 

A A A A A A A A  

VIA COMPONENT 

A A A .� A A A A A A A A A A  

TABLE NAME: EVENT 

X 

EVENT NUMBER DESCRIPTION 

� 
A A . A A  A A . A A  A A  A A  A A A  A A A  

TABLE NAME: NOTE f 
DESCRIPTION ---i r-· 

l I 
TABLE NAME: REFERENCE 

GPU.MF" NSAC MF· 

A A A A A A A A A A A  A A A A A A A A A  

STOP TIME 
M 0 _ _  _!:!_ �- FROM . COMPONENT 

X X E X X X X X E · X X X X X E · X X 

-� r 
AJ 

AUTHOR.TIHE 
A A A  

A ALPHANUMERIC 
X '  NUMERIC 

•TIC REFERS TO EQ.G TIC DOCUMENT CONTROL NUMUR 
GPU.MF REFERS TO GPU MICROFILM 
NSAC.MF REFERS TO NSAC MICROFILM 

GPU.SAM REFERS TO GPU SAMPLE NUMBER 

EXHIBIT 3-1 . FORMAT OF TABLES I N  TMI-2 MASS BALANCE DATA BASE 



The s ec t i ons t h a t  follow descr i be both t he sou r ce s  for and t he 

i n for mat ion a ssemb led on key r ad ionuc l id e s , on p l a n t  sys tems , 

on t he c h r onology o f  even t s  fol low i ng t he acc ident  ons e t  t h a t  

a f fec ted mas s  f lows , and o n  samples  taken  o f  v a r iou s  sys tem 

and component r;on t e n t s  a nd on t he r e s u l t s  of the i r  ana lyse s .  

A l i s t  o f  the d a t a  base con t e n t s  a s  o f  October 1 0 ,  1 9 8 2 , i s  

p r esen t ed a s  t he a ppend i x  to th i s  r epo r t  ( Vo lume 2 ) . 

3 . 1 KEY RADIONUCL I DES 

The data nece s s a r y  to calculate the  total ac t iv i t i e s  o f  key 

r ad i on uc l ides  i n  t he TMI - 2  cor e a t  se lec ted t ime s a f te r  the  

acc ident  a r e  a s semb led i n  the i sotope table i n  the data  base . 

These  total i so tope amounts  a r e  needed to a l low d e t e r m i n a t ion 

of mas s  balance c losur e s . 

3 . 1 . 1  Data  Sou r c e s  

The i so tope t a b l e  i ncludes d e c a y  con s t a n t s  ta ken f r om a r ecent  

h and book 5 a nd calcu l a ted ac t iv i t i e s  ( i n c u r i e s )  o f  each key 

i sotope a t  r eac tor shu tdown and at  seque n t i a l  t ime s therea f te r . 

These ca lcula ted ac t i v i t i e s  a r e  t a k e n  ( except for t r i t i um )  d i r ec t ly 

f rom a LOR- 2 analys i s . 6 LOR- 2 i s  a ve r s ion o f  ORIGEN d eve loped 

by the  Ba bcoc k and Wi lcox ( B&W) organ i za t i on to e s t i ma t e  i sotope 

gene r a t i on and decay in B&W r eactor s .  LOR- 2 prov id e s , a long 

w i th i n f or ma t i on , the ac t iv i ty of e ach core i sotope at s c r am 

and a t  squen t i a l  t i me i nc r emen t s  t he r ea f te r . 

The B&W LOR- 2 analy s i s  o f  i sotope bu i ldup a nd d ecay we r e  chosen 

a s  the bes t  e s t i ma te s  for TMI - 2  as a B &W r ea c tor . The LOR-2 

r e s u l t s  h a ve been compar ed w i th t hose f rom ORIGEN- I I : 7 the  com

par i son i nd icated that  mos t  v a l u e s  ag r eed w i th i n  5 pe rce n t . 

Exce p t ions among t he key i so tope s we r e  s t ront i um-8 9 ,  w i th t h e  

ORIGE N  va lue be i ng 1 5  per c e n t  h ig h e r , a n d  iod i ne - 1 3 1 , w i t h  t h e  

ORIGEN va lue be i ng 7 percent h igher . T r i t ium , iod i ne- 12 9 , ces i um-

1 3 4 , and uran i um- 2 3 8  wer e  not compa r ed . 

3 - 3  



T r i t i um ( 3 -H)  p r od uc t i on i s  on ly p a r t i a l ly calcu l a ted by LOR-

2 ;  t h a t  i s ,  the p r od uc t ion o f  t r i t i um in the fuel  v i a  f i s s i on 

( 3 , 7 4 6  c u r i e s  a t  shu tdown)  i s  c a l c u l a ted , but the quant i t ie s  

p r od uced i n  the coo l a n t  v i a  neu tr on ac t i v a t ion o f  d i sso lved 

l i th ium a nd boron a r e  not calcula t ed . Tr i t i um f rom these sou r c e s  

w a s  e s t ima ted . 8 The total t r i t i um i nven tor y  a t  s h utdown was 

e s t ima ted to be 3 , 8 7 2  c u r i es , w i t h  3 , 7 4 6  c u r i e s  gener ated i n  

t he fuel b y  f i s s i on ,  1 2 6  c u r i e s  gene r a ted i n  the coo l a n t  f r om 

ac t i va t i on o f  l i th i um ( 3 2 cur i e s )  a nd bor on ( 94 c u r i e s ) . The 

ac t i v i ty of t r i t i um at t imes subsequen t  to shu tdown was calcula ted 

u s i ng t he decay con s t an t . 

3 . 1 . 2  Da ta Base 

The i so tope table ( Ex h i b i t 3 - 1 )  con t a i n s  bas ic d a t a  for e ach 

o f  t he e leven i so topes cons idered i n  t h i s  wor k :  t r i t ium , k rypton

as , s t r on t i um-8 9 ,  s t r on t ium- 9 0 ,  i od i ne- 1 2 9 , i od i ne- 13 1 ,  xenon-

1 3 3 ,  ce s i um- 1 3 4 , ce s i um- 13 7 , u r an i um- 2 3 8 , and plu ton i um- 2 3 9 . 

The data  i nc lude decay con s t a n t s  a nd t o t a l  ac t iv i t ie �  a s  a func

t i on of t ime up to 40 days a f te r  s h utdown . 

I t  i s  a n t i c i pa t ed that  th i s  table o f  tot a l  a c t iv i t ie s  a t  spec i f ic 

t imes w i ll be u s ed to cor r ec t  total  ac t iv i t i e s  d e te r m i ned a t  

any t ime u p  t o  4 0  d ays v i a  expone n t i a l  i n t e r pola t ion . The i n t e r 

pola t i on techn ique a l lows d i rect u s e  o f  t he r e s u l t s  o f  the complex 

p a r e n t-daugh ter r e la t ion s h ips i nc l uded i n  the LOR- 2 e s t i ma t e s  

w i thout  i ncor por a t i on o f  those deta i led c a lc u la t ion s . For per iod s  

g r ea te r  than  4 0  days a f ter shutdown , the conven t iona l e xpone n t ia l  

decay r e la t i on s h i p  i s  u s ed t o  cor rect  f o r  deca y . 

3 . 2  SYSTEMS DEFI N I TION 

The ove r a l l  mass t r an s f e r  pat hways t h a t  c h a r ac te r i ze t he TMI - 2  

a cc ide n t  i nvolve sys tems a nd components conta i ned i n  sever a l  

f ac i l i ty bu i ld i ngs . S i nce these f ac i l i t ies/sys tems wer e  used 

in an a r r a y  of oper a t i on a l  modes over an ex tended per i od o f  
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t ime to ach i eve a s a fe-shu tdown cond i t i on ,  t he a c t u a l  a c c iden t 

scena r i o  a nd ma s s  t r a nspo r t r equ i r ed for a pr ope r mas s  ba l a nce 

calc u l a t i on a r e  comp le x . Cons t r uc t i on o f  a mod e l  useful for  

d e f i n i ng mass  f low a t  any t i me fol low i ng the  acc i d e n t  i n i t i a l ly 

r e q u i re s  de l i be r a te s impl i f i ca t i on o f  sys tem descr i p t i on s  a nd 

s y s tem u se . The s impl i f i ed mode l  conce i ved t o  r epr e s e n t  the 

sys tems i n vo l ved in t he TMI - 2  mas s  bal ance s t ud y  cons i s ts o f  

r e la t i ve ly l a r ge r eg i ons ( bu i ld i ngs  and s u r r ound i ng e nv i ronmen t ) , 

systems conta i ned w i th i n  t hese lar ge r e g ions , and compone n t s  

a s soc i a ted w i th e a c h  sys tem . Each r eg i on ,  sys tem , a n d  componen t 

i n  t he mode l  has  been de f i ned to have been a s soc i ated w i th ma s s  

f low d u r i ng the acc i dent  and shutdown sequence . I n  add i t ion , 

t he mod e l  h a s  been de s i gned t h r ough p r ope r s u bca tegor i z a t i cn 

o f  sys tems and componen t s  to pe r m i t f u t u r e  expans i on to a l low 

for g r ea ter  leve l s  o f  deta i l  i n  acc ident  d e sc r i p t i on a s  i n forma 

t i on becomes ava i lable . 

3 . 2 . 1  Bu i ld i ngs , Sys tems , a nd Componen t s  

The ba s ic mode l  u sed t o  dep i c t  the bu i ld i ng s  and sys t em s  i nvolved 

in the TMI - 2  acc i d en t  is d e f i ned in Exh i b i t  2 - 5 . Ma j or i n te r con

nec t ions , d e p i c ted in  th i s  exh i b i t  for each  bu i ld i ng and sys tem 

a s  de f i ned for l i qu id and gaseous f low d u r i ng the acc iden t , 

we r e  obt a i ned f r om Re ferences 4 a nd 9 t h r ough 1 6 . Exi1 1 0 i t  3-

2 l i s t s  t hose bu i ld i ng s  and sys tems t ha t  we r e  i nvolved w i th 

ma s s  t r a n s fe r  d u r i ng the TMI - 2  acc ident  and t h a t  w i l l even t u a l ly 

requ i re i ncorpo r a t i on i nto a f i n a l  ma s s  b a l a nce d a ta base . 

I t  should be noted , howeve r ,  t h a t  not a l l  sys tems iden t i f i ed 

i n  Exh i b i t  3 - 2  were u sed to g e ne r a te the p r e l i m i n a r y  mas s  balance 

d e s c r i bed i n  Sec t ion 4 .  

Exh i b i t 3 - 3  l i s t s  the componen t s  con t a i ned i n  each TMI - 2  sys tem 

t ha t  a r e  of i n te r es t  in calcu l a t i ng an o ve r a ll ma s s  balance . 

I t  should be noted t h a t  th i s  table does not ident i fy v alve s 

o r  p i p i ng t h a t  w i ll e ventu a l ly be requ i r ed for c a l c u l a t i o n  o f  

a prec i se mas s  ba l ance . I n  add i t ion , t he table does not l i s t  
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EXH I B I T  3 - 2  

REG IONS AND SYSTEMS I DENT I FIED 
WITH THE TMI - 2  ACC I DENT MASS TRANSPORT 

Descr ipt i on 

Reg i on s  

Un i t  2 a u x i l i a r y  bu i ld i ng 
Un i t  2 con t a i nme n t  bu i ld i ng 
Un i t  2 f u e l  hand l i ng bu i ld i ng 
River  wa te r pump hou se 
Un i t  2 con t r o l  and s e r v ice bu i ld i ng 
Un i ts l and 2 gene r a l  s i te ou t s ide 

bu i ld i ng s  

Chem i c a l  add i t i on sys tem 
Core f lood sys tem 

Sys te ms 

Decay hea t closed cool i ng wa ter  sys tem 
Decay heat r emova l  sys tem 
Heat i ng v en t i la t i on and a i r  cond i t i on ing 

sys tem 
I n t e r med i a te c losed cool i ng water sys tem 
Ma keup and pu r i f ic a t i on sys tem 
Nuc l e a r  se r v i ce s  r iver  wa ter  sys tem 
Reactor bu i ld i n g  pu r ge and r ec i r cu la t i on 

sys tem 
Reac tor bu i ld i ng spray sys tem 
Reactor  coo l a n t  sys tem 
Radwa s te d i sposal  - g a s  
Radwa s t e  d i spo s a l  - l iqu i d  
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Coded 
Iden t i f ic a t i on 

AUX 2 
CON 2 
FHB 2 
RWPH 
SER 2 

S I TE 

CAS 
CFS 
DHS 
DHR 

HVC 
res 
MPS 
NRW 

PRS 
RBS 
RCS 
WDG 
WDL 
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COMPONENTS I DENT I F T �O WI TH TM! - 2  MASS TRANSPORT 

Reac tor Coolant  Sys tem ( RC S )  

P r e s s u r i ze r  
Pr e ss u r i ze r  s u r g e  l i ne 
Pr i ma r y  r eac tor coolant cold leg 
Pr ima r y  r eac tor coo la n t cold leg 
Pt:  ima r y  r eac tor coolant  hot leg A 
Pr ima r y  r e? c tor coolant hot leg 
Pr ima r y  r e::ac tor coolant  cold leg 
Pr ima r y  r ea c tor  coolant  cold leg 
Reac tor coo lan t  pump lA 
Reac tor coo l a n t  pump 2A 
Reac tor coolant  pump lB 
Rea c tor  coolant  pump 28 
Reac tor vesse l 
Steam gene r a tor  A ,  pr ima r y  s id e  
S team gene r a to r  B ,  pr i ma r y  s i d e  

B 

Al 
A2 

Bl 
8 2  

Mak e up a nd Pu r i f i ca t i on Sys tem (MPS ) 

B loc k or i f ice 
Le tdown coo l e r  A 
Le tdown cooler  B 
Ma keup and p u r i f ic a t ion d ern i ne r a l i z e r  A 
Ma keup and p u r i f ic a t ion dem i ne r a l i z e r  B 
Ma keup f i l t e r  A 
Ma keup f i l t e r  B 
Ma keup p ump 2\ 
Ma keup pump B 
Ma k e up pump C 
Ma keup , pur i f i c a t i on , and dem i �e r a l i ze r  f i l t e r  A 
Ma keup , p u r i f i ca t ion ,  and deminer a l i ze r  f i l t e r  B 
Ma keup tank  
Sea l i n j ec t i on f i l t e r  A 
Sea l i n j e c t i on f i l t� r  B 
Seal  r e t u r n  coo l e r  A 
Sea l  r e t u r n  coo l e r  B 
Sea l  r e tu r r.  f i l t e r  A 
Sea l  r e t u r n  f i l t e r  B 

3 - 7  

RC-T- 2 
RCP-PS- 1 
RCP-C- lA l  
RCP-C- 1A2 
RCP-H- lA 
RCP-H- lB 
RCP-C- 18 1  
RCF-C- 182  
RC-P- lA 
R':-P-2A 
RC-P- 18 
RC-P- 28 
RC-T- 1 
RC-H-lA 
RC- H - 18 

MU- 1-FE 
MU-C- lA 
MU-C- 18 
MU- K - lA 
MU-K-18 
MU-F-2A 
MU-F-28 
MU-P-lA 
MU-P- lB 
MU-f- lC 
MU-F- 5A 
MU-F- 58 
MU-T- 1 
MU-F- 4A 
MU-F-48 
MU-C - 2A 
MU-C - 28 
MU-F- 3A 
MU-F-38 
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COMPONENTS I DENTI F I ED WITH TMI - 2  MASS TRANSPORT 

L iqu i d  Wa ste Sys tem ( WDL)  

Aux i l i a r y  bu i ld i ng sump 
Au x i l i a r y  bu i ld i ng sump f i l t e r  A 
Au x i l i a r y  bu i ld i ng sump f i lt e r  B 
Aux i l i a r y  bu i ld i ng s ump pump A 
Au x i l i a r y  bu i ld i ng sump pump B 
Aux i l i a r y  bu i ld i ng sump tank 
Aux i l i a r y  bu i ld i ng sump tank  pump A 
Aux i l i a r y  bu i ld i ng s ump tan k pump B 
C leanup d em i ne r al i ze r  A 
C leanup d em i ne r a l i ze r  B 
C leanup dem i ne r a l i ze r  e f f lu e n t  f i lt e r  A 
C leanup demine r a l i ze r  e f f lu e n t  f i l t e r  8 
C leanup f i l te r  A 
C le anup f i l t e r  B 
Conce n t r a ted wa s te tan k  
Conce n t r a ted wa s te t a n k  pump 
Con tami nated d r a i n  f i l te r  A 
Con t am i na ted d r a i n  f i lter  B 
Con tam i na ted d r a i n  tank  A 
Con tami nated d r a i n  tank  8 
Con tam i na te d  d r a i n  tan k pullip A 
Contamina ted d r a i n  tank pump 8 
Con tamina ted d r a i n  tank r oom s ump 
Debo r a t i ng d e m i ne r a l i ze r  A 
De bo r a t i ng d em i ne r a l i ze r  8 
Decay heat  pump r oom sump 
Decay hea t pump r oom sump pump A 
Decay hea t pump r oom s ump pump B 
Evapo r a tor  cond e n sa te dem i ne r a l i ze r  A 
Evapor a to r  cond e n s a te d em i ne r a l i z e r  8 
Evapo r a to r  cond e n s a te pump A 
Evapor a tor  condensa te pump B 
Evapor a to r  cond e n s a t e  t e s t  tank A 
Evapo r a to r  cond e n s a te tes t tank 8 
Lea kage coo l e r A 
Lea ka g e  c oo l e r  B 
M i sc e l laneous wa ste  holdup tank  
M i sce l la neous was te tank  pump A 
M i scel laneous w a s te tank pump B 
Neu t r a l i ze r  tan k A 
Neu t r a l i ze r  t a n k  8 
Neu t r a l i ze r  tank  f i l te r  A 
Neu t r a l i z e r  tank f i l t e r  B 
Ne t u r a l i ze r  tank pump A 

3-8  

AUX SUMP 
WDL-F-3A 
WDL-F-3B 
WDL-P- 3A 
WDL-P� 3B 
WDL-T- 5 
WDL-P- 4A 
WDL-P- 4B 
WDL-K- 2A 
WDL-K- 2 
WDL-F - 9A 
WDL·-F-9B 
WDL-F- 6A 
WDL-F-6B 
WDS-T- 2  
WDS-P-2  
WDL-F-7A 
l';'DL-F-7B 
WDL-T- l lA 
WDL-T- l lB 
WDL-P- 1 5A 
WDL-P- 1 5B 
COT SUMP 
WDL-K-lA 
WDL-K- lB 
DHPR SUMP 
WDL-P- 1 6A 
WDL-P- 1 6B 
WDL-K-3A 
WDL-K-3B 
WDL-P- l lA 
WDL-P- l lB 
WDL-T-9A 
WDL-T-98 
WDL-C - lA 
WDL-C- lB 
WDL-T- 2 
WDL-P- 6A 
WDL-P- 68 
WDL-T-8A 
WDL-T- 88 
WDL-F-4A 
WDL-F-4B 
WDL-P- 8A 
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COMPONENTS I DENTI F I ED WITH TMI - 2  MAS S  TRAN SPORT 

L i qu id Wa ste  Sys tem ( WDL ) , Con t i nued 

Neu t r a l i ze r  tank pump 8 
Reac tor bu i ld i ng spr ay pump room sump 
Reac tor bu i ld i ng spr ay pump r oom sump pump A 
Reac tor bu i ld i ng spray pump room sump pump 8 
Reac tor bu i ld i ng s ump 
Rea c to r  bu i ld i ng s ump pump A 
Reac tor  bu i ld i ng s ump pump 8 
Rea c tor  bu i ld i ng sump pump f i l ter  A 
Reac tor bu i ld i ng s ump pump f i l te r  8 
Reac tor coolant bleed holdup tank  A 
Reac tor coolant b leed holdup tank 8 
Re ac tor coolant  bleed holdup tank  C 
Reac tor coo l a n t  d r a i n  tank 
Rea c tor  coolant  d r a i n  tank  pump 
Reac tor coolant  evapor a tor  
Rec la i med bor ic  ac i d  pump 
Rec la i med bor ic  ac i d  tank  
Re s i n add i t i on tank  
Re s in t r aps f i l t e r /e vapo r a tor cond e ns a �e 

d e m i ne r a l i ze r  A 
Re s i n  t r aps f i l te r /evapo r a tor condens a te 

dem i ne r a l i ze r  8 
Spe n t  r e s i n tank  A 
Spe n t  r e s i n t a n k  8 
Spen t  r e s i n  t r ans f e r  pump 
Wa s te t r an s f e r  pump A 
Wa s te t r an s f e r  pump 8 

Gas eous Wa s te Sys tem ( WDG ) 

Atmos ph e r e  ( s i n k )  
Con t a i nmen t  a tmosph e r e  
Re l i e f  v a lve ven t head e r  
Sta t ion vent 
S t a t i on vent mon i tor 
Ven t  gas heade r 
Wa s te g a s  comp r e s sor A 
wa s t e  g a s  comp r e s so r  8 
Wa s t e  g a s  decay tank  A 
was t e  g a s  decay t a n k  B 
Was t e  g a s  f i lt e r  
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WDL-P-88 
R8SPR SUMP 
WDL-P- 1 7A 
WDL-P- 1 7 8  
RB SUMP 
'l'lDL-P- 2A 
WDL-P- 28 
WDL-F-8A 
�\IDL-F- 88 
WDL-T- lA 
WDL-'f- 18 
WDL-'J'-lC 
WDL-T- 3 
WDL-P - 7  
WDL- Z - 1  
WDS-P- 3 
WDL-'r - 3  
WDL-T- 1 0  

WDL-F- 5A 

WDL-F- 58 
WDS-T- lA 
WDS-T- lB 
WDS- P - 1  
WDL-P- 5A 
WDL-P- 58 

ATMOSPH ERE 
CON 2 
WGP-H - 1  
STAT ION VENT 
HPR- 2 1 9  
WGP-H- 2 
WDG-P- lA 
WDG-P- lB 
WDG-T- lA 
WDG-T- lB 
WDG-F- 1 
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COMPONENTS I DENTI F I ED WITH TMI - 2  MASS TRANS PORT 

I n t e r med i a te C losed Coo l i ng Sys tem ( ICS ) 

Chemical  feed tank 
I n te r med i a te coo l e r  A 
I n t e r med i a t e  cooler  B 
I n te rmed i a t e  cool i ng f i l t e r  A 
I n te rmed i a te cool i ng f i l t e r  B 
I n t e r med i a te cool i ng pump A 
I n te r med i a t e  cool i ng pump B 
I n t e r med i a t e  coo l i ng s u r ge tank 
Stearn gene r a tor  hot d r a i n  coole r 

Chemi c a l  Add i t i on sys tem ( CAS ) 

Bor ic ac i d  m i x  tank  
Bor ic  ac i d  pump A 
Bor i c  ac i d  pump B 
Bor ic ac i d  t a n k  heater  
Cau s t i c  pump 
Cor e  f lood i ng makeup tank 
Cor e  f lood i ng makeup tank pump 
Hyd r a z i ne d r um A 
Hyd r a z i ne d r um B 
Hyd r a z i ne pump 
L i th i um h yd r o x i d e  m i x  tank 
L i t h i um hyd r ox i d e  pump 
Sod i um th iosul fa te and cau s t ic m i x  tank 
Su l fu r i c  acid mix  tank 
Su l fu r i c  ac i d  pump 

Core F lood sys tem ( CFS ) 

Core  f lood tank  A 
Cor e  f lood tank  B 

Decay Heat Removal sys tem ( DHR) 

Bor a ted  wat e r  s torage  tank 
Bor a te d  wat e r  s torage tank rec i r c u l a t i ng pump A 
Bor a ted wat e r s torage tank r e c i r c u la t i ng pump B 
Decay h e a t  r emova l cooler A 
Dec a y  h e a t  r emova l  cooler  B 
Decay h e a t  r emoval  pump A 
Decay h e a t  r emova l  pump B 
Sod i um h yd r o x i d e  s to r a g e  tank 

. 3 - 1 0  

IC-T- 2 
IC-C - lA 
IC-C- lB 
IC-F- lA 
IC-F- lB 
IC-P- lA 
IC-P- lB 
IC-T-1 
SV-C- 1 

CA-T- 1 
CA-P- 4A 
CA-P- 4B 
CA-C- 1  
CA-P- 5 
CA-T- 8 
CA-P- 8 
CA-T- 2A 
CA-T- 2B 
CA-P- 1 
CA-T- 3 
CA-P- 2 
CA-T- 5 
CA-T-9 
CA-P- 9 

CF-T- lA 
CF-T- lB 

DH-T-1 
DH-P- 2A 
DH-P- 28 
DH-C- lA 
DH-C-lB 
DH-P- lA 
DH-P-18 
DH-T- 2 
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COMPONENTS I DENTI F I ED WI TH TMI - 2  MAS S TRANS PORT 

Decay Hea t  C losed Coo l i ng Wa t e r  Sys tem ( DHS ) 

Chemical  feed tank A 
Chemical feed tank B 
Decay h e a t  c losed coo l i ng s u r g e  tank A 
Decay h e a t  c losed coo l i ng s u r ge tank B 
Decay h e a t  c losed coo l i ng wa t e r  pump A 
Decay h e a t  c losed coo l i ng wa t e r  pump B 
Decay h e a t  s e r v i ce coo l e r  A 
Decay hea t s e r v ice  cooler  B 
Lea kage c losed cool i ng water  pump A 
Lea kage c losed cool i ng wa t e r  pump B 

Re ac tor B u i ld i ng Spr ay Sys tem ( RBS ) 

Re ac tor bu i ld ng spray pump A 
Rea c tor  bu i ldng spr ay pump B 
Sod i um th i o s u l fa te storage tank 
Spray l i ne head�r  noz z le s  A 
Spray l i ne header  noz z le s  B 

Nuc lear  Ser v i ces  R i ve r  sys tem ( NRW) 

Nuc lear  Se r v i ce s  r iv e r  water  pump lA 
Nuc l e a r  Se r v i c e s  r i ver  wa t e r  pump lB 
Nuc l e a r  Se r v i ce s  r iver  wa t e r  pump lC 

DC-T- 2A 
DC-T-2B 
DC-T- lA 
DC-T- lB 
DC- P- lA 
DC- P- lB 
DC-C- lA 
DC-C-lB 
DC-P-2A 
DC-P- 2B 

BS- P- lA 
BS- P - 18 
BS-T- 1 
S PRY-A 
SPRY-B 

NR-P-lA 
NR-P-lB 
NR-P-lC 

Reac tor Bu i ld ing Pur ge a nd Rec i r c u l a t ion Sts tem ( PRS ) 

A i r  s upply hea t e r s  A ( 8  labeled A t h r ough  H )  
A i r  s upply h ea te r s  B ( 8  labeled A t h r ough  H )  
Hyd r ogen con t r o l  e x h a u s t  f a n  
Hyd rogen con t r o l  s y s tem f i l te r  un i t  ( 4  labe led 

3 3 , 3 4 , 3 5 , a nd 3 6 )  
Re ac tor bu i ld i ng a i r  coo l i ng fan motor a ssembly 

( 5  l a be led A t h r ough  E )  
Reactor bu i ld ing a i r  coo l i ng un i t  1 3  ( 5  labe led 

A t h r ough  E )  
Reac tor bu i ld ing a i r  coo l i ng un i t  1 4  ( 5  labe led ) 

A t h r oug h E )  
Rea c tor  bu i ld i ng 
Rea c tor  bu i ld i ng 
Reac tor bu i ld i ng 
Reac tor bu i ld i ng 
Reac tor bu i ld i ng 
Reac tor  bu i ld i ng 

pu r g e  
pu r g e  
p u r g e  
pu r g e  
p u r g e  
pu r g e  

a i r  
a i r  
a i r  
a i r  
a i r  
a i r  

s upply 
supply 
supply 
supply 
supply 
supply 

fan A 
fan B 
f i l t e r  A 
f i lt e r  B 
fan A 
fan B 

3 - 1 1  

AH-C - 1 5  
AH-C - 4 7  
AH-E- 3 4  

AH-F- 3 3- 3 6  

AH-E- 1 1  

AH-C - 1 3  

AH-C - 1 4  
AH-E- l2A 
AH-E- 1 2B 
AH-F- 1 8A 
AH-F- 1 8B 
AH-E- 1 2A 
AH-E- l �B 

1 



EXH I B I T  3 - 3  ( Page 6 o f  6 )  

COMPONENTS I DENT I F I ED WITH TMI - 2  MASS TRANS PORT 

Reac tor Bu i ld i ng Pu r g e  a nd Rec i r cu l a t i on Sys tem ( PRS ) , Con t i nued 

Rea c to r  bu i ld i ng pu r g e  
Rea c to r  bu i ld i ng p u r ge 
Rea c tor bu i ld i ng pu r g e  
Rea c tor  bu i ld i ng pu r g e  
Reactor bu i ld ing pur ge 

( 4 labeled 1 9A , 2 0A , 

Reac tor bu i ld ing pur g e  
( 4 labe led 19B , 2 0B , 

a i r  s upply f i l t e r  A 
a i r  supply f i l t e r  B 
e x h u a s t  fan A 
e x h ua s t  f a n  B 
e x h a u s t  f i l te r  un i t  
2 1A , and 3 1A )  
e x h a u s t  f i l t e r  un i t  
2 1B , and 3 1B )  

3 - 1 2  

A 

B 

AH-F- 1 8A 
AH-F- 1 8B 
AH-E- 1 9A 
AH-E- 1 9B 

AH-F- 1 9 - 3 1A 

AH-F- 1 9 - 3 18 



componen t s  for t h e  h e a t ing , ven t i la t i on ,  a nd a i r  cond i t i on i n g  

s y s tem , s i nce deta i led da t a  a s soc i a ted w i th the u s e  o f  t h i s  

s y s tem d u r i ng the  acc ident h ave not been e v a l u a ted . 

For gene r a t i ng the p r e l i m i n a r y  mas s  bala nce d e s c r i bed i n  Sec t i on 

4 ,  on ly the  sys tems de f i ned i n  Exh i b i t  3 - 4  we r e  con s ide r ed to 

h ave been p r edom i nan t ly i nvolved in the  r ad i on uc l ide  pathways 

f r om the r eac tor . The syste ms thus r e p r e s e n t ed for the  i n i t i a l  

ma s s  ba lance a r e  ( l ) t h e  r ea c tor  coolant sys t em ,  ( 2 )  t h e  ma keup 

a nd pur i f i c a t i on s y s tem , ( 3 ) the l i qu i d  wa s te sys tem , ( 4 )  the  

g a seous wa s te sys tem ( pa r t i a l ) , ( 5 )  t h e  decay hea t r emoval  sys tem 

( pa r t i a l ) ,  ( 6 )  th� nuclear  s e r v i c e s  r i v e r  wa t e r  s y s tem , a nd 

( 7 )  the con ta i nmen t  ven t i la t ion and pur g e  sys tem . Redund a n t  

componen t s  we r e  cons i d e r ed a s  one un i t  f o r  t he p r e l i m i na r y  ma s s  

ba lance . 

Th e sys tems d a ta iden t i f i ed to date  have been ca tegor i zed to 

a l low t a bu l a t i on of the  i n i t ia l  d e s i g n  d a ta for any component . 

I n forma t ion pe r ta i n i ng to each compone n t  for d e t e rm i n i ng ma s s  

t r an s f e r  a nd deve lopi ng a ma s s  ba lance i nc lude t h e  follow i ng : 

bu i ld i ng , eleva t i on , sys tem , component , s ta t e  ( ph a s e  o f  ma t e r i a l  

i n  componen t ) , tot a l  volume , volume e r r o r , t o t a l  a r e a , a r e a  

e r r or , r e fe r ence ( source o f  d a ta ) , i n i t ia l  volume , i n i t ia l  volume 

e r r or , i n i t i a l  a r ea , i n i t i a l  a r ea e r ror , compone n t  ope r a t i ng 

p r e s s u r e , compone n t ope r a t i ng tempe r a tu r e , r e fe r ence ( sou r c e  

o f  d a t a ) , a nd note ( footnote ) . 

The bu i ld i ng a nd e leva t ion a t  wh i ch the  componen t i s  loca ted 

is u se f u l  for i d en t i f i c a t i on r e l a t i ve to po i n t  of or i g in o f  

ma s s  pr ior t o  r e lea s e . The sys tem t o  w h i c h  t h e  component be long s 

i s  i mpor tant for i d en t i f i c a t i on o f  both s y stem u s e  a nd mate r i a l  

r e te n t i on d u r i ng t h e  acc i d e n t  a n d  s u bsequ e n t  shu tdown . The 

component iden t i f i c a t i on , total  volume and a r ea o f  t h e  compon e n t , 

and i n i t ia l  volume a nd a r e a  o f  the compon en t ,  a lo ng w i th ope r a t i ng 

p r e s s u re a nd temper a t u r e , a r e  r equ i r ed to eva l u a te the e x te n t  

o f  mas s  t r a n s f e r r ed and r e ta i ned b y  t h a t  p i ece o f  equ i pmen t  

3 - 13 
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d u r i ng the acc j de n t  and s ubsequent shu tdown . The s t a te o f  ma te r i a l  

i d e n t i f i e s the mas s  phase conta i ned i n  the component  a t  t h e  t ime 

of sampl i ng ( i . e . , sol id , l i qu i d ,  g a s , o r  comb i n a t ion t h e r e o f ) . 

The var ious  e r ror c a tegor i e s  have been i ncor por a ted to r ecog n i ze 

s ample , analys i s ,  o r  eva l u a t ion i ncon s i s te nc ie s  t h a t  cou ld have 

been i nc l uded in  t he r e f e r e nced data . To d a te , few e r r or s  have 

been iden t i f i ed for i npu t i n to the da ta ba s e . 

3 . 2 . 2  Data  Base 

The i n format ion d e sc r i bed above has been e n t e r ed in a s y s tem 

table ( Exh i b i t  3 - 1 )  that as o f  Oc tober 1 0 , 1 9 8 2 , conta i ns 2 1 9  

r ecord s .  Exam i n a t i on o f  these r ecor d s  { se e  the append i x ,  Volume 

2 )  i nd i c a te s  t ha t , for a numbe r o f  compon e n t s , add i t i on a l  d a ta 

a r e  r e qu i r ed .  

3 . 3  ACC I DENT CHRONOLOGY 

As d i scus sed above , use  o f  v a r ious  sys tems and componen t s  i n  

an a r r a y  o f  ope r a t i ona l mode s  over a n  e x tended t ime per i od a t  

TMI - 2  pr e se n t s  a comple x mas s  t r an s f e r  pr oblem . S i nce any ma s s  

ba la nce mu s t  be d e te r m i n ed on the ba s i s  o f  g ro s s  t r an s f e r s o f  

ma s s  be twee n  componen t s  or  mor e  s u b t le ma te r i a l  t r a n s f e r s  between 

compone n t s  a nd b e tween pha s e s  w i t h i n  s i ng le compone n t s  o r  systems , 

a nec e s s a r y  f i r st s tep i s  the d e f i n i t ion o f  d i sc r e te , iden t i f i ed 

ma ss t r an s f e r s  i n  c h r ono log i ca l  o r d e r . Although nece s s a r i ly 

ove r s imp l i f i ed , the  d i sc r e te mas s  t r an s fe r  sequence-o f -e v e n t s  

a pp roach , w h e n  coupled w i t h  t h e  f ac i l i ty/sys tem mod e l  descr i be d  

e a r l i e r , r e s u l ts i n  a f le x i ble sys tem t h a t  can  be u sed t o  pr ed i c t  

g r oss f l ow r a te s  c�� ma s s  t r an s f e r  a t  any t ime fol low i n g  t h e  

acc iden t ,  a s  long a s  i n fo r ma t ion per ta i n i ng to the t ime f r ame 

of i nt e r e s t  has been i ncorpo r a t ed i nto t he data  ba s e . The ma s s  

f low c h r onology pa th d u r i n g  the pos tacc i d e n t  pe r i od t h r ough 

Apr i l  3 0 , 1 97 9 , is summa r i z ed i n  Exh i b i t  3 - 5 ; the d i sc r e te t ime 

per i od s  a r e  d i sc u s sed be low . 
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I tem 
N umbe r 

1 

2 

3 

4 

5 

6 

7 

8 

9 

EXH I B I T  3 - 5  ( Page 1 o f  2 )  

MASS FLOW CHRONOLOGY 

Ma s s  Flow De s c r ipt ion 

I nc r emen t a l  ma s s  f low t h r ough 
p r e s su r i ze r / r eac tor coolant  
d r a i n  tank/r eactor bu i ld i ng 
s ump on Ma r ch 2 8 , 1 9 7 9  

I n c r emen t a l  mas s  f low t h r ough 
u se o f  HPI on Ma r c h  2 8 ,  1 9 7 9  

I n c r eme n t a l  ma s s  f low for le tdown 
and makeup on Ma r c h  2 8 , 1 9 7 9  

8 , 2 6 0  g a l lons r ea c tor coola n t  
t r an s f e r red  to a ux i l ia r y  bu i ld i ng 
be tween 0 4 0 8  a nd 0 4 3 8 , Mar c h  2 8 , 
1 9 7 9  

Ma s s  f low t o  r ea c to r  bu i ld i ng 
t h r ough a i r  coo le r s  ( r i v e r  wate r ) 
between Mar ch 2 8  a nd May 2 7 , 
1 9 7 9  

Reactor  collant  system leakage 
t o  r ea c to r  bu i ld i ng be tween Mar ch 2 8  
and Augu s t  1 2 , 1 9 7 9  

Liqu i d  was te t r an s fe r  sequenc i ng 
f rom the a u x i l i a r y  bu i ld i ng s ump 
t h r ough app r opr i a t e  tanks  to 
Un i t  1 f r om Ma r ch 2 8  t h r ough 
Apr i l  3 0 , 1 9 7 9  

E s t i ma ted mas s  t r an s fe r  t hr ough 
l e tdown lea kage to the a ux i l ia r y  
b u i ld i ng be tween Ma r c h  2 8  and 
Apr i l  3 0 , 1 9 7 9  

Tot a l  g a seous r ad i onuc l ide r e leases  
i d en t i f i ed d u r i ng acc i d e n t  a nd 
c on t a i nmen t  purge 

F low Pa t h * 
I d en t i f i c a t ion 

1 , 6  

3 

5 ,  8 ,  1 1 , 1 2 , 
1 3 , 2 5 ,  4 

1 7  

7 

2 

1 9 , 2 1 ,  2 2 ,  2 3  

2 0  

2 4  

*Cons is t e n t  with f low pa ths iden t i f ied on Ehx i b i t  3 - 4 . 
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I tem 
N umbe r 

1 0  

l l  

EXH I B I T  3 - 5  ( Page 2 o f  2 )  

MASS FLOW CHRONOLOGY 

Ma s s  Flow De s c r ipt i on 

I nc r emen t a l  ma s s  f low le tdown 
between Ma r ch 29 and Apr i l  3 0 , 
1 9 7 9 , w i th block or i f ice , p r e
f i l te r s , makeup d em i n e r a l i ze r s ,  
and makeup f i l te r s  bypa s sed by 
2 3 3 0  hou r s  on Ma r ch 3 0 , 1 9 7 9  

I nc r emen t a l  mas s  f low makeup be tween 
Ma r ch 2 9  and Apr i l  3 0 , 1 9 7 9 , i nclud i ng 
ma k eup tan k t r an s fe r  to bleed holdup 
tan k s  and bleed holdup tanks to ma keup 
tank  

Flow Pa t h *  
I d e n t i f ica t i on 

9 ,  1 0 , 1 4  

1 5 , 1 6 , 1 8  

*Con s i s te n t  w 1 th f low pa t h s  i nd en t i f i ed o n  E x h i b i t 3 - 4 . 
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3 . 3 . 1  The F i r st Day 

D u r i ng t h i s  pe r iod , t he l a r g e s t  quant i ty of mas s  ( l iqu i d ) wa s 

d e l i b e r a te ly added to the r eac tor coolant s y s tem t o  ach i eve 

a s a fe-shutdown cond i t i on . 

the  s equence o f  even t s . 4 
Th i s  pe r iod i s  a ls o  con s i s te n t  w i t h  

Dur ing  th i s  t ime f rame ( a ppr ox ima te l y  

t h e  f i r s t  2 4  hou r s )  s i x bas ic f low pa t t e r n s  have bee n  iden t i f ie d  

a n d  a r e  descr i bed a s  i te ms 1 t h rough 4 i n  Exh i b i t  3 - 5 .  I n  add i 

t ion , por t i ons o f  i tems 5 t h r ough 9 a r e  i nc luded w i t h i n  the 

f i r st t ime per i od .  

3 . 3 . 2  The F i r s t  Month 

A f te r  the f i r s t  day , the  mas s  f low c h r onology followed the r emova l 

o f  t he bubb le i n  the  r eac tor coolant  sys tem , total r e lease  o f  

t h e  ga seous r ad i onuc l ide xenon , los s  o f  le tdown f low to the 

mak e up a nd pu r i f i ca t i on sys tem , s ign i f i ca n t  conta i nmen t  a i r  

c oo l e r  i n le a kage o f  r iver  wa t e r , and use o f  the r ea c to r  coo l a n t  

bleed holdup tan k s  a s  a sou r ce of  ma k eup to the r e3c tor coolant  

s y s te m . The se bloc k s  o f  even t s  are  i d e n t i f ied as  i tems 5 t h r ough  

1 1  i n  Exh i b i t  3-5  a nd are  cons i s te n t  w i th t he sequence o f  events  

r epor te d . 9 It  shou ld be  noted that  Exh i b i t  3-5  r e la te s  the 

c h ronology o f  ma s s  f l ow to t he sys tems and component mod e l  s hown 

on Exh i b i t 3 - 4 . 

3 . 3 . 3  The Fol low i ng S i x  Mon t h s  

A f t e r  Apr i l  1 9 7 9 , t h e  mas s  t r a n s fe r s  s h i f t  t o  those mak e up r eq u i r e 

men t ci  needed t o  b a l a nc� r e ac tor coolant  s y st em leakage , Mak eup 

a nd p u r i f i c a t i on s y s tem leakage t o  the a u x i l ia r y  bu i ld i ng ( no t  

q u a n t i f i ed t o  d a te ) , and other i n l ea k ag e  paths n o t  i d en t i f ied 

to d a t e . It was a l so d u r i ng t h i s  pe r iod t h a t  con t a i nmen t  a i r  

c ooler  r i v e r  w a t e r  i n leakage was t e r m i n ated ( Ma y  2 7, 1 9 7 9) . 

Eve n  though the mass  bal ance i nc ludes  prov i s ion for the t ime 

per i od s  o v e r  wh i ch c leanup ac t iv i t ie s  were per formed , i n forma t i on 
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r ·  

rm: a  

h a s  not been gener a ted to d a te for i nput i nt o  the o ve r a l l  c h r o n 

o logy d a ta table . I t  was planned f rom the ou t s e t  o f  th i s  p r o j e c t  

t ha t  t h e  ma s s  ba lance model wou ld i nc l ud e  cleanup d a ta beg i nn i ng 

w i t h the use o f  EPICOR I but  that  these  ac t i v i t ie s  would be 

sepa r a ted f r om the ac t ua l  acc ident  ma s s  t r an s f e r  c h r onology . 

3 . 3 . 4  The C leanup Pe r i od 

F r om Apr i l  1 9 7 9  t h r ough the s umme r  o f  1 9 8 2 ,  ac t iv i t i e s  we r e  

be ing per f ormed t o  d econ tam i na t e  t he TMI - 2  f ac i l i t ie s . EPICOR I 

w a s  u sed f r om Apr i l  1 9 7 9  i n to the s umme r o f  1 9 7 9  to decon tam i 

n a te var i o u s  a r ea s  o f  t h e  TMI - 1  aux i l i a r y  bu i ld ing and t h e  f u e l  

hand l i ng bu i ld i ng . EPICOR I I  w a s  u s e d  f r om Oc tober 1 9 7 9  t h r ough 

Oc tober  1 9 8 0  to decontami na te t he TMI - 2  a u x i l i a r y  bu i ld i ng . 

The submer ge d  d em i ne r a l i ze r  sys tem ( SDS ) w a s  used  f r om the summe r 

o f  1 9 8 1  to the summe r o f  1 98 2  to d e contami n a te t he r eac to r  cont a i n 

men t  baseme n t  conten t s . Though n o t  i ncluded i n  the c u r r e n t  

d a ta b a s e  or c h r onology f i le s , these  ac t i v i t i e s  w i l l  r equ i r e  

prope r  d e s c r ipt ion to comple t e  the mas s  ba lance . Thu s , t h r ee 

add i t i onal t ime per i od s  w i ll r equ i r e  sequenc i ng o f  e ven t s . 

3 . 3 . 5  Da ta Base  

The  c h ronology d a t a  i d en t i f i ed to d a te have been ca tego r i ze d  

s u ch t h a t  t he loca t i on o f  a n y  mas s  be ing t r an s fe r r ed a f te r  t h e  

acc i d e n t  and d u r i ng shu tdown ope r a t i o n s  can b e  t abula ted . S i nce 

t he c h rono logy is r e l a ted to the t ime of t he acc i d e n t , as we l l  

a s  t o  other  non-mas s  t r an s fe r  ac t ions , a n  eve n t s  f i le was c r e a ted 

f rom wh i ch mas s  t r an sf e r  t h r ough a s soc i a ted sys tems and compone n t s  

a t  a n y  par t ic u l a r  t ime could b e  de f i ne d . Thu s , t he event numbe r 

and seque nce c a te g or i e s  o f  t he chr onology f i le i d en t i fy t he 

t ime-dependent  sequence o f  event s  for any s e t  o f  c ompone n t s  

i nvolved i n  a t r an s fe r  o f  ma s s . 

The c h r onology d a t a  i d en t i f i ed t o  d a te have bee n  chosen on t h e  

bas is o f  on i n forma t i on de f i ned by t h e  sequenc� o f  event s . 4 • 9 - 1 5  
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The ctronology o f  events , a s  summa r i zed i n  Exh i b i t  3 - 5 , was  

i nt e r meshed w i th ava i la b le sys tems i n forma t ion for events  t h r ough 

Apr i l  1 9 7 9  a nd cor r e la ted w i th the mass f low mode l  d e p i c ted 

in Exh i b i t  3 - 4 . Whe r e  ava i lable , actual mas s  t r a n s fe r s i d e n t i f i ed 

i n  Re f e r ences 4 ,  8 ,  9 ,  and 1 3  t hrough 1 6  were  used to d e f i ne 

e i the r the tota l quan t i ty o f  ma s s  o r  the f low r a te ove r a g i ven 

t ime per i od . The c h r onology f i le has  been s tr uc t u r ed to i nc l ud e  

the fol low i ng ca tegor i e s  of i n forma t ion : event  n umbe r , sequence , 

s t a r t  t ime , s ta r t  t ime e r r or and e r ror un i ts , s top t ime ,  s top 

t ime e r ror  and e r ror un i t s , f r om componen t , v i a  componen t , to 

componen t  ( a ll components ident i f i ed i n  accordance w i th syste m  

d a ta f i le s ) , s ta te ( phase of ma te r i a l  be i ng t r a n s fe r r ed ) , t r a n s fe r 

r a te volume , t r an s f e r  r a te e r ror , ma s s  t r an s f e r r ed , mas s  e r ror , 

and r e fe re nc e  ( sou r ce o f  d a ta ) . 

The s ta r t  and s top t ime ( year , month , d a y , hou r , m inute , and 

second ) de f i ne t he per i od over wh i ch mass wa s t r an s f e r r e d , and 

f r om/v i a/to component ca tegor i e s  ident i fy the route of ma s s  

t r ansfer . The s tate  o f  m a s s  r e f e r s  t o  the s ame phas e s  a s  i d e n t i 

f i ed above for the components  d e sc r ipt i on , whe r e a s  t r ans f e r  

r a te volume and ma s s  t r a n s fe r r ed r e fer  to the quan t i ty o f  ma s s  

k nown to have passed through o r  to have been col lected i n  the 

component over the d e f i ned t ime per i od .  The e r ror s are  s im i la r  

to those i d en t i f ied  f o r  t h e  sys tems d e sc r ipt ion , a nd h a v e  not 

been i d en t i f i ed f or i nput i nto the data b a s e . 

To d a te , a tota l o f  3 3 5  c h ronology r ecord s  have been e n t e r ed 

i n to t he d a ta base , cover i ng the per i od t h rough Apr i l  1 9 7 9  ( se e  

the a ppend i x , Volume 2 ) . As not ed e a r l i e r , t he d a ta b a s e  w a s  

e xpanded to i nc lude a n  event f i le l i st .  T o  d a te , 2 9 0  e ve n t s  

r ecord s ,  con s i st i ng bas ic a l ly o f  the sequence o f  e v e n t s  t h rough 

Apr i l  3 0 , 1 9 7 9 , have been i ncorpor a ted - in to the data bas e . 
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3 . 4  RAD IOCHEMI CAL DATA 

3 . 4 . 1  Da ta Sou r c e s  

A ma j o r  d a t a  sou rce  pe r ta i n i ng t o  sampl i ng o f  TMI - 2  sys tems 

for r ad ioche m i c a l  analyses is t he GPU s ample coor d i n a to r ' s  log , 

wh ich  was e s tabl i s hed on Apr i l  1 0 , 1 9 7 9 , a bo u t  1 2  days  a f t e r  

the acc iden t . Th i s  log a s s i g n s  a sample number ,  a nd iden t i f i e s  

the date o f  s ampl 1 ng , the  sys tem component s ampled , the a n a l y s e s  

reque s � 2d , t h e  l abor a to r y  ( o r  labora tor i e s ) to wh ich t he s ample 

wa s sent , whe th e r  the analy t i c a l  r e s u l t s  we r e  r ece i ved , a nd 

other  i n forma t i on . The s amp le coord i na to r ' s  log prov ides t h e  

pr ima r y  i n format ion a bou t the e x i stence o f  samp l e s  ava i lable 

for Apr i l  1 0  a nd a f t e r . Sar ly s ample i n forma t i on ( be fo r e  Apr i l  

1 0 , 1 9 7 9 )  i s  not r ead i ly ava i la ble bec d u s e  o f  a n  unde r s tandable 

lack of  o r g an i za t ion ; however ,  the s�mple coor d i na tcr has  recen t l y  

prov ided a l i s t  o f  k nown sample s � a � e n  be f o r e  t h e  log system 

was set  up , wh i ch w i ll prove valuable . 

Anot he r  l i s t  o f  samples  by date  i s  i nc luded i n  a n  SAI r epor t . 2 

The labo r a tory  ana ly s i s  d a t a  s h e e t s  a l so p r ov ide  s ample d e sc r ip

t ive d a ta . The En t r y  Qu i c k  Look Repo r t s  a l so cons t i tu t e  a pr i ma r y  

sour ce o f  i n f or ma t i on a bo u t  t hose samples  t a k e n  dJr i ng e n t r i e s . 

The d a ta for the r ad i ochem i c a l  r es u l t s  a r e  g e ne r a l ly labo r a tory  

analy s i s  repor t s . Many data  ( a f te r  a bo u t  m id -Apr i l  1 9 7 9 )  a r e  

r epor ted o n  a s ta ndar d i ze d  GPU r epo r t form t h a t  encou r aged labo r a 

tor i es t o  p rov ide  a complete  and un i form s y s tem o f  i n forma t i on . 

Ear l i er d a t a  a r e  r epor ted i n  a v a r i e t y  0 f  analys i s  r epor t  forma t s . 

Some d a ta - - t he r eac tor coo l a n t  analyses per formed by the  Babcock 

a nd W i lcox l a bo r a to r y and the anal y s e s  done a t  ORNL--w e r e  r epor ted 

to GPU v i a  memo . 

Th i s  s t udy u s e s  f ive e x i s t i ng d a t a  col lec t ions tha t  we r e  mad e  

ava i lable b y  t h e  EG& G  Techn i c a l  I nteg r at i on O f f i ce ( T IO ) . 
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The f i r s t was an unca talog ued collec t i on o f  d a t a , w i th many 

analys i s  r epor t s . The second was the GPU m i c r o f i lm l i b r a r y , 

w i th d a ta i nd e x ed by top i c ; a ll top i c s  l i k e ly to conta i n  r ad io

chem i c a l  d a ta we r e  sea r chea . The t h i r d  was the N SAC m i c r o f i lm 

l i b r a r y . These d a ta a r e  s to r ed i n  a s torage and r et r i e v a l  sys tem 

that a l lowed a thorough search v i a  key-wo rd s .  Th e f ou r th collec

t i on is  o f  d a t a  i ndexed by a T I O- l i b r a r y  numbe r ; these d a t a  

a r e  a l so i n  t h e  NSAC s torage a n d  r e t r i e v a l  s y s t e m ;  h ence , t h e y  

we r e  sear ched v ia k eywords  to r e t r i eve a l l  r ad i ochem i c a l  d a t a . 

A f i f th sou rce , the GPU sample coord i na tor ' s  m i c ro f i lm l ib r a r y ,  

was r ecent ly made ava i lable . To d a te , only e a r ly s ample d a t a  

h ave b e e n  rev i ewed . These  d a ta col lec t ion ·� we r e  the pr i ma r y  

bases o f  t he s e a r ch f o r  d a ta . 

Because of the la r ge quan t i ty o f  samp l e s  and a n a ly t i c a l  r e cor d s , 

i t  wa s necess a r y  to c u l l  the le s s  mean ing f u l . I n  t h e  i n i t i a l  

c u l l i ng pr oce s s , d a ta pe r ta i n i ng t o  l iq u i d s  i n  t h e  pr i ma r y  coolant  

s y s tem , the ma keup a nd pu r i f i c a t i on system , a nd the l iq u i d  r adwa ste  

s y s tem we r e  o f  ma j o r  impor tance . Gene r a l ly , d a ta w i th concen t r a

t ions  l e ss than one p i cocur i e  per m i l l i l i t e r  ( for l iqu i d £ )  w e r e  

not i nc luded i n  th i s  i n i t i a l  e f for t .  Da t a  for g a s e s  i n  t h e  

wa s te g a s  s y s tem and i n  t h e  conta i nment a n d  a ux i l i a r y  bu i ld ing 

for the e a r ly t imes we r e  r e t a i ned . Ve r y  few d a t a  for sol i d s  

a r e  ava i lable : s u r f ace d a t a  we r e  n o t  i nc l uded i n  th i s  pha s e . 

3 . 4 . 2  Rad i ochem i c a l  Da ta Base 

The r ad ioche m i c a l  d a ta cons i s t  o f  samp l i ng and a n a ly s i s  d a t a  

t h a t  h a ve been e n t er ed i n to two table s ; t h e  samp l i n g  d a ta i n  

the  sample t a ble and the ana lys i s  d a t a  i n  the  a n a lys i s  table . 

Each samp le i s  a s s i g ned a Sdmple i d e n t i f ic a t i on n umbe r that 

is  i nc luded tn  the a n a ly s i s  table to prov i d e  the mea n s  for c r os s

r e f e r ence . 

The sample f i le ( see Exh i b i t  3 � 1 )  i ncludes  the t ime a t  wh ich  

the sample was  taken , the  s y s tem or  component  f r om wh i c h  the  
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sample was t a k en , and the  s t a t e  ( i . e . , g a s , l iq u i d , sol i d , o r  

s u r face ) o f  the  sample . Add i t i ona l ly , the  s ampl e  s i z e  ( and 

s i ze un i t s )  i s  i nc l uded a s  a pos s i b le i nd i c a t ion of samp l ing 

e r r or s .  A f i e ld is  prov i d ed for a s ampl i ng e r r o r  ( i . e . , the  

u nce r ta i n t y  i n  the r e p r e s e n t a t i on o f  t h e  ma ter i a l  s amp led ) ,  

and a nothe r f i e ld for an e r r o r  i n  samp l i ng t i me .  

The analy s i s  f i le i ncludes  t he analy s i s  t ime ( o r  the t ime t o  

wh ich the analy s t  cor r ec ted f o r  decay ) , t h e  s ta te o f  the  s ample 

analyzed ( to a l low , a s  an e x ample , a d i s t i nc t i on �' e tween prec i p i 

t a te and f i l t r a te , i f  analyzed sepa r a t e ly ) , the i so tope d e t e r 

mi ned , a nd the concent r a t i on .  Ot h e r  d a t a  a r e  i nc l uded t h a t  

m a y  i nd i c a te e r r o r s  or  unce r ta i n t ie s .  

The data base s ample table contn i n s  data  for 6 5 3 samples a nd 

t h e  analys i s  t a ble con ta i n s  r ecor d s  for 1 , 9 6 1  analyse s . Exh i b i t  

3 - 6  l i s t s  t he components  and t he cor r e spond ing sample s i n  the  

d a ta base . 

I t  i s  r ecog n i z ed that  the c u r r en t  d a ta ba s e  i s  not e x h a u s t i ve ; 

however , an e f for t was made to i nc l ud e  a l l  ava i lable  samples 

f o r  the key compone n t s  ( i . e . , gene r a l ly those in  the pr i ma r y  

coo l an t , ma keup a nd pu r i f ic a t i on , a nd l iqu i d  r adwas te system)  

and the t ime pe r i od ( to Apr i l  3 0 , 1 9 7 9 )  for wh i c h  the ma s s  t r an s 

f e r  c h r onology data  b a s e  i s  comple te . The cor r e spondence of  

t h e  d a ta base sample s to the sampl i ng d a te s  i nd i c a ted i n  the 

l i st i ng of e a r ly samples prov i ded by t he GPU s ample coo r d i nator  

for all  componen t s  for the pe r i od to Apr i l  1 2 , 1 9 7 9 ,  is  s hown 

i n  Exh i b i t  3 - 7 .  Exh i b i t  3 - 8  s hows the cor r e spondence of s ampl i n g  

d a ta i n  the GPU sample coor d i na to r ' s  log for  key  compone n t s  

d u r ing t h e  per i od t o  Apr i l  3 0 , 1 9 7 9 . A s  can be s ee n , the  cor r e s 

pond e nce among t h e s e  sou r c e s  o f  samp l i ng t ime s i s  good , bu t 

not p e r f ec t .  Add i t i onal  e f for t should be made to ident i fy a l l  

e a r ly per t i ne n t  sample s .  
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EXH I B I T  3 - 6  

TMI - 2  COMPONENTS AND NUMBER O F  SAMPLES 

Componen t  Numbe r o f  Samp l e s 

Au x i l i a r y  bu i ld i ng a i r  ( AMS 2 8 1 ' , M�S 3 0 5 ' , 7 
AMS 3 2 8 ' , e tc . ) 

Au x i l i a r y  bu i ld i ng f loor 2 
Au x i l i a r y  bu i ld i ng sump 3 
Au x i l i a r y  bu i ld i ng sump d em i ne r a l i z e r  1 
Au x i l i a r y  bu i ld i ng sump tank  r oom 1 
Bor a ted wa ter s tor age tank ( DH-T- 1 ,  BWST v a lve , 

BWST c i n .  b l k ) 1 9  
Contam i na ted d r a i n  t a n k  r oom sump 8 
Contam i na ted d r a i n  tanks  ( "WDL-T- 1 1 " : WDL-T- l lA ,  

WDL-T- l lB )  3 3 
Dem i ne r a l i zed se r v ice w a t e r  s tor age tank ( CO-T- lB ) 2 
Conta i nmen t  a i r  ( CON2 , VAR- 7 4 8 , CON2 6 2 6 ' pe ne t r a t i on , 

o r g . o i ls )  7 5  
Decay h e a t  t i e - i n  l i ne 3 
Fue l  hand l i ng bay a i r  2 
Fuel hand l i ng bu i ld i ng exhau s t  1 
Condense r hot we l l  2 
S t a t ion vent  e f f luent  a i r  mon i tor ( HPR- 2 1 9 )  1 9 9  
Ma i n  s te am cond e n s e r  1 
Conta i nmen t  sump ( R . B .  sump ) 5 
S t eam gene r a to r s - s econdar y  s id e  ( RC-H- lA , RC-H- lB ) 4 1  
P r e s s u r i ze r  ( RC-T- 2 )  1 4  
Reac tor coolant  evapo r a tor cond e n s a t e  tank  r oom 1 
Rr - � tor coolant  sys tem - le tdown s amp l i ng po i � t  

lC P-C - lAl ) 1 4 4  
Recomb i ne r  deck  a i r  2 
Spe n t  f u e l  pool 2 
Wa s te ga s decay tanks  ( " WDG-T- 1 " : WDG-T- lA , WDG-T- lB ) 2 5  
W1 s te t ra n s f e r  pumps (WDL-P- 5 )  1 
Reac tor  coola n t  bleed holdup tanks  ( " WDL-T- 1 " : WDL-T- lA , 

WDL-T- lB , WDL-T- lC ) 2 2  
M i s c e l laneou s wa ste  hold up tank (WDL-T- 2 )  1 8  
Ne u t r a l i ze r  t a n k s  ( " WDL-T-8 " :  WDL-T8A : WDL-T-8 B )  7 
E v a �or a to r  cond e n sa te tank 1 
Spen t  r e s i n  t a n k  1 
Wa s t e  g a s  compr e s so r  valve 1 
Wa s te gas  f i l t e r  room a i r  1 
Wa s t e  g a s  decay tank r oom a i r  6 

Tota l 6 5 3  
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EXH I B I T  3 - 7  

COMPARI SON OF SAMP LES I N  THE DATA BASE W I TH A L I S T  OF 
EARLY SAMPLE S SUPPLIED BY THE GPU SAMPLE COORDINATOR 

COMP ONENT* 

Reactor Coolant 

RC Bleed Holdup Tank A 

RC Bleed Holdup Tank B 
RC Bleed Holdu� Tank c 
Miscel laneous Waste Ho ldup Tank 

Contaminated Drain Tank A 

Contaminated Drain Tank B 

Neutralizer Tank A 

Neutralizer Tank B 

Reactor Building Sump 

Auxi l i ary Building Swnp 

Contaminated Drain Tank Room Sum _f)_ 
Reactor Building 

S tc&tion Vent 

* This ! is t  of components is 
limited to those i n  the 
system model used in the 
preliminary mas s ba lance . 

March 
28 29 3 0  

Q) @ 
u 
n 

b � b  

3 1  

u 
� 

u 
G 

Apr i l 

l 2 

h 
l � 

3 4 5 6 7 8 9 10 ll 

_t 

l 

l 

� � _h 
(! 

1 

G b 2 b a t1 t6 t! 
3 - Nwnber of samples on 

Sample Coordi nator ' s  Lis t  

(!) - Number of s amples in the data base 
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EXHIBIT 3 - 8  

COMPARI SON OF SAMPLES IN THE DATA BASE 
WITH THOSE IN GPU SAMPLE COORDINATOR 1 S LOG 

April 1 9 7 9  
COMPONENT* �4 11.5 11.6 p 18 �9 10 l l  12 1 3  20 21 22 23 

Reactor Coolant @') 1 I<D  (!) (j) �m 
RC Bleed Holdup Tank A 1 

RC Bleed Holdup Tank B � 
RC Bleed Holdup Tank C 

Miscellaneous Waste Holdup Tank lm 1 
Contaminated Drain Tank A !Jro � -m 
Contaminated Drain Tank B � .L 

Neutralizer Tank A 
Neutra lizer Tank B 

Reactor Bui lding Sump 

Auxiliary Building Sump 

Contaminated Drain Tank Room Sump 1 1 lm 1 I� 
Reactor Building 

24 25 26 27 28 29 30 

1 
'lro lm 11 

m 1 1 
1 1 

1 (i) 

S tation Vent l� � � � � � � ������ ®�� ������� �'� . �  L� 
* This list of components is 3 

limited to those in the 
system model used in the 
preliminary mass balance .  Q) 

- Number of samples 
Coordinator ' s  Log 

- lumber of &alllflle& 

in GPU Samp1 e  

in the data base 

":.'· ' ·•. ·; II!IID IJ/2<!11 
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3 . 5  ERRORS 

I n  a we l l-planned e xpe r imen t , e r r o r s  a r e  cons ide r ed bot h  d u r i ng 

i ts d e s i g n  a nd e x ecu t i on . The TMI - 2  acc i d e n t  was �e i th e r  a 

wel l -d e s igned nor c a r e fu l ly execu ted exper imen t , and i t  not 

s u r pr i s ing that  the  e f fo r t s  i n  samp l ing , sample analys i s , mea s u r e 

men t s  o f  ma te r i a l  t r an s f e r s 1  compone n t  volume s ,  and so on , w e r e  

not p l anned to p rov i d e  the  d e s i r ed accu r acy for c a lc u l a t ing 

a mas s  balance . Th u s ,  in the cou r se of  ma s s  ba lance d e t e r m i na

t i ons , the  d a ta ava i lable vary d r ama t i ca l ly i n  t e r ms o f  u n i form i ty 

and acc u r ac y . I t , t he r e fo r e , become s the mor e  impor t a n t  ( th a n  

i n  a we l l-de s i g ned e xpe r ime n t )  t o  e s t imate e r ror s a n d  unce r ta i n 

t i e s  i n  d a t a  v a l u e s  and t h e  v a l u e s  o f  f i n a l  r e s u l t s , s u c h  a s  

t h e  ma s s  ba l ance c lo s u r e  ( i . e . , f r ac t i on o f  an i so tope accounted ) .  

Gene r a l ly , t h e  only ava i lable d a ta r e le v a n t  to e r r o r s  a r e  those 

repor ted w i th t he r ad i ochem i c a l  analyses . These e r r o r s  a r e  

t h e  unce r ta i n t i e s  i n  the r a d iochemi c a l  ana ly s e s  c a lc u la ted for 

t he s ta t i s t ic s  a s soc i a ted w i th the cou n t i ng of r ad i oac t i ve decay 

even t s . 

Other  unce r ta i n t i e s  that  mu s t  be cons i d e r ed ( a nd may we l l  be 

much l a r g e r  in many cases  t h an the cou n t i ng e r ror ) a r e  the  u nce r 

ta i n t i e s  i n  samp l i ng ( i . e . , t h e  unce r ta i nty w i th wh i c h  t h e  s ample 

r e p r e s e n t s  the tota l volume or ma s s  t h a t  j t  i s  p r e s umed to r e p r e 

s e n t ) , a n d  t h e  unce r ta i n t i e s  i n  the volume ( o r  ma s s )  v a l ue s . 

The volume va lues  i nvolve the  volume s o f  compone n t s  ( e . g . ,  tank  

volume s , vo i d  volumes i n  f i l te r s ,  and d e m i ne r a l i z e r s )  and the 

vol ume s o f  m a te r i a l  t r an s f e r r ed ( i . e . , the v o lume f low r a t e s  

and f low t ime s )  . 

An a n a ly s i s  o f  e r ro r s  i s  d e s i r a ble , bu t ,  i n  te rms o f  the  p r e s e n t  

p r e l im i n a r y  ma s s  ba lance c a lcu la t i ons , t h e  i n fo r ma t i on a t  hand 

is of a supe r f ic i al or  i ncomp l e t e  n a t u r e .  A sys tema t ic e r ror  

a na l y s i s  c on s i s t i ng o f a s ta t i s t ica l d e t e r m i na t i on on  t h e  unc e r 

ta i n t y  o f  a c a lc u la t ed mas s  balance f r om t h e  unce r ta i nt i e s  o f  
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each e xper ime n t a l  v a l ue i s  not u s e f u l .  I t  a ppe a r s  t h a t  e r r o r  

a n a l y s e s  w i l l  g r ad u a l ly acc r ue , f i r s t  in the form o f  the i d en t i 

f i c� t i on o f  v a l ue s  t ha t  are  i ncons i s tent w i th the other  r e lated  

data  base v a lu e s  ( i . e . , the iden t i f icat ion o f  que s t ionable v a l u e s ) .  

The n e x t  s tage i s  the a s s e s sment o f  uncer ta i nt i e s  t h a t  may i nvolve 

the  quan t i f ic a t i on o f  the prec i s ion o f  ma s s  ba lance s c a lc u la ted 

i n  d i f fe re n t  ways or for d i f fe r ent t ime s . 

3 . 6  DATA BASE MANAGEMENT SYSTEM 

The data , a s  noted , a r e  format ted i nto e i g h t  t a b le s , a s  s hown 

on Exh i b i t  3 - 1 . The data  a s  of Oc tobe r 1 0 , 1 9 8 2 , a r e  l i s ted 

in t he a ppend i x  to t h i s  repor t .  These d a t a  a r e  acce s s i b le and 

can be man ipula ted by the TMI - 2  mas s  ba lance d a t a  base manageme n t  

s y s tem . 

Th i s  d a ta base manageme n t  sys tem i s  d e sc r i bed i n  d e t a i l  i n  t h e  

TMI - 2  Ma s s  Ba lance D a t a  B a s e  User ' s  Manua l :  i t  ena b l e s  the u s e r  

to man ipulate t h e  d a ta mor e -o r - le s s  a t  w i l l . Exh i b i t  3 - 9  p r e se n t s  

the  t u tor i a l  s e s s i on f rom t h e  data  b a s e  manageme n t  sys tem , t h a t , 

i n  t u r n , i n tr oduces  the ba s ic fea t u r e s  of  the sys tem . 

Th i s  sys tem and t he data  base a r e  p r e sent l y  ma i nta i ned on t h e  

NUS PRIME compu t e r  ( i n Ga i ther sburg , Ma r y la nd ) a n d  a r e  r emotely 

acce s s i ble f rom TMI . 

3 - 2 8  



T M I 

1 T U T O R I A L 

2 T A B L E  

3 M A I N T  

4 Q U E R Y  

5 E X I T  

EXH I B I T  3 - 9  ( Pa g e  1 o f  3 )  

DATA BASE MANAGEMENT SYSTEM , 
TUTORIAL SES S I ON 

M a s s II a 1 a n c e D a t a II a s e 

V E R S I O N 4 

A s e r v i c e o f  N U S  C o r p o r a t i o n 

f o r  E G & G  T I O  

L i s t i n f o r • a t i v e t e x t  b �  s u b J e c t  

E n t e r / d e s c r i b e s  c u r r e n t  t a b l e  

E n t e r  M a i n t e n a n c e  s u b s � s t e m  

E n t e r Q u e r �  s u b s � s t e m  

T e r nd n a t e  

P l e a s e  s e l e c t  a n  o P e r a t i n S m o d e  n u m b e r :  1 

Y O U  H A V E  S E L E C T E D  T H E  T U T O R I A L O P E R A T I N G M O D E . 

T H I S  D A T A  B A S E  C O N S I S T S  O F  E I G H T  D A T A  T A B L E S  C O N T A I N I N G I N F O R M A T I O N 

E S S E N T I A L T O  M A S S  B A L A N C E  C A L C U L A T I O N S . E A C H  T A B L E  C O N S I S T S  O F  

R E C O R D S  W I T H  D A T A  I N  S P E C I F I E D  F I E L D S . T H E  F O L L O W I N G T A B L E S  

M A K E  U P  T H E  T M I - 2 M A S S  B A L A N C E  D A T A  B A S E : 

1 I S O T O P E  I n i t i a l  t o t a l  o u a n t i t i e s a n d  d e c  a �  c o n s t a n t s  

2 S A M P L E  S a n• P l e  c o l l e c t i o n d a t a  
3 A N A L Y S I S  S a m P l e  r a d i o c h e 11 i c a l  a n a l � s e s  

4 S Y S T E M  P l a n t  s � s t e n. COIIPOnent d a t a  

5 C H R O N O L O G Y  M a s s  t r a n s f e r  h i s t o r !:l  d a t a  

6 E V E N T  N o t e s  r e l a t i v e  t o  s e o u e n c e o f  events 
7 R E F E R E N C E  S o u r c e s  o f  i n f o r �r� a t i o n 
B N O T E  F o o t n o t e s  

Y O U  W I L L L A T E R  B E  R E Q U I R E D  T O  SEL E t T  ONE OF · T H E· ABOVE TABLE S . 
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EXH I B I T  3 - 9  ( P � g e  2 o f  3 )  

DATA BASE MANAGEMENT SYSTEM , 
TUTORIAL SES S I ON 

T H E  I N T E R A C T I V E D A T A  B A S E  M A N A G E M E N T  S Y S T E M  W H I C H  Y O U  A R E  U S I N G H A S  

S E V E R A L  H O D E S  O F  O P E R A T I O N S  A V A I L A B L E : 

T U T O R I A L  

T A B L E  
Q U E R Y  
M A I N T E N A N C E  

C A L C U L A T I O N  
E X I T  

Y O U  A R E  P R E S E N T L Y  W O R K I N G I N  T H E  T U T O R I A L M O D E . T H E  T A B L E  M O D E  A L L O W S  

T H E  U S E R  T O  S E L E C T  A T A B L E  F O R  H I S  I N S P E C T I O N  A N D  L I S T S  F I E L D  N A M E S  

O F  T H E  R E C O R D S  I N  T H A T  T A B L E . T H E  M A I N T E N A N C E  M O D E  P R O V I D E S  D A T A  T A B L E  

E N T R Y , M O D I F I C A T I O N , � N D  D E L E T I O N C A P A B I L I T I E S . N O T E : T H I S  M O D E  I S  

P A S S W O R D  P R O T E C T E D . T H E  Q U E R Y  M O D E  P R O V I D E S  D A T A  S E L E C T I O N r  S O R T I N G , 

H A N I P U L A T I N G r A N D  D I S P L A Y  P R O C E D U R E S .  T H E  C A L C U L A T I O N M O D E  W I L L  

P R O V I D E A N  A B I L I T Y T O  W O R K  W I T H D A T A  F R O M  S E V E R A L  T A B L E S , S U P P O R T I N G 

� A S S  B A L A N C E  C A L C U L A T I O N S . N O T E t T H E  C A L C U L A T I O N M O D E  I S  N O T  A V A I L A B L E  

I N  V E R S I O N 4 .  T H E  E X I T  M O D E  A L L O W S  T H E U S E R  T O  E X I T  F R O M  T H E  S Y S T E M . 

T H E  D A T A  B A S E  M A N A G E M E N T  S Y S T E M  H A S  A V A I L A B L E  T H E  F O L L O W I N G C O M M A N D S : 

A D D  

C H A N G E  

D E L E T E  

D I S P L A Y  

E R A S E  

F I N D 

F O R M A T  

H E L P  

I M A G E  

I N D E X  

I N F O  

K E E P  

L I S T 

L O A D  

M O D I F Y 

P O S I T I O N 

H E L E A S E  

I� E H O V E  

f� L S E R V E  

S A IJ E  
B F l.. F C T  
S E T  

f. H I O W  
S O R T 

C R E A T E  A N E W  R E C O R D  

M O D I F Y F I E L D  V A L U E S  I N  C U R R E N T  S E T  

D E L E T E  < E R A S E  A N D  R E W R I T E > A N  E X I S T I N G  R E C O R D  

P R O D U C E  R E P O R T  O U T P U T  

D E L E T E S  R E C O R D S  I N  C U R R E N T  S E T  

L O C A T E  R E C O R D < S >  B Y  F I E L D  U A L U E  

S P E C I F Y  R E P O R T  O U T P U T  F O R M A T  ( A L I A S T O  I M A G E > 

L I S T  X N F O R H A T I V E T E X T  

S P E C I F Y  R E P O R T  O U T P U T  F O R M A T 

D I S P L A Y  O R  C R E A T E  I N D E X F I L E S  F O R  F I E L D S  

D I S P L A Y  I N F O R M A T I O N O N  F I E L D  P A R A M E T E R S  

R E M O V E  N O N - M A T C H I N G R E C O R D S  F R O M  T H E  C U R R E N T  S E T  

L I S T F I E L D  O R  R E C O R D  V A L U E S  

B A T C H  R E C O R D  A D D  F U N C T I O N 

C H A N G E  F I E L D S  I N  C U R R E N T  R E C O R D  

F E T C H  O R  C H A N G E  C U R R E N T  R E C O R D  

E X I T  R E S T R I C T E D  U P D A T E  M O D E  

R E M O V E  M A T C H I N G R E C O R D S  F R O M  T H E  C U R R E N T  S E T  

E N T E R  R E S T R I C T E D  U P D A T E  M O D E  

W R I T E  C U R R E N T  R E C O R D  

A D D  M A T C H I N G R E C O R D S  T O  T H E  C U R R E N T  S E T  

M A N I P U L A T E  R E C O R D  S E T S  

A N A L Y Z E  C U R R E N T  S E T  

S O R T  R E C O R D S  I N  S E T  B Y  F I E L D  V A L UE 
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4 .  PRELIMINARY MASS BALANCE 

The concept  of the p r e l iminary  mas s  balance p r e sen ted be low 

is e ssen t i a lly one of account i ng ar i t hme t ic i n  wh i c h  volume s 

o f  l i qu id or ga seou s con ten t s  o f  system c ompone n t s  a r e  mu l t i p l i ed 

by cor r e spond i ng concen t r a t i on s  o f  each o f  the key i so t op e s  

t o  obta i n  compone n t  i nventor i e s . Th i s  a r i t hme t ic i s  pe r formed 

at chosen mas s  ba lance t imes � t he concen t r a t ion-volume p r oduc t s  

a r e  d iv ided b y  the tota l act i v i t y  o f  each o f  the  key i so tope s 

at t he mas s  ba lance t ime , and t hese i so tope f r ac t i on s  a r e  s ummed 

to i nd i c a t e  ba lance c losu r e . 

The p r e l i m i n a r y  n a t u r e  o f  th i s  approach i s  appa r e n t  i n  i t s l im i 

t a t i on s . A t  t he ou t se t , t h i s  pr oce ss can be a pp l i ed only to 

sys tems and for t ime s a t  wh i c h  appl icable volume s and concen t r a

t i on s  have been d e t e r m i n ed . No a ttempt i s  made to e s t ima te 

or  a s s ume v a l u e s  for  ma s s  t r a n s fe r s ,  volume s , o r  concen t r a t ions  

t h a t  a r e  not d i r ec t ly c a lc u la b le f r om t h e  data , nor  are  i sotop i c  

r emov a l  mec han i sms con s idered o r  modeled . 

The s c heme for compu ter -a i ded determ i n a t i on s  of  ma s s  ba lance 

i s  o u t l i ned in Exh i b i t 4 - 1  in te rms of f ive modu le s .  The f i r s t  

mod u le , t he I n t r oduc tory Tex t  Modu le , w i ll i n t roduce t he u s e r  

to the system and t h e  opt ions i t  a f ford s .  The o t h e r  four modu l e s  

a r e  d e s c r i bed be low . 

4 . 1  PROBLEM INITIAL I ZAT ION 

The second module , the  P roblem I n i t ia l i z a t i on Mod u le , w i ll a s s i s t  

t he u s e r  i n  problem i n � t ia l i z a t ion by a l l ow i ng h im t o  de f i ne 

a mode l  o f  the c omponent s ' f low pa t te r n  and c h r onology . The 

de f i ned mode l may be a s impl i f icat i on o f  the ac t u a l  TMI - 2  system 

d e s c r i bed in the sys tem table der ived by lump i ng component s 

or , per haps a t  some l a t e r  t ime , a mor e  det a i led mod e l  t han t h e  

c u r r en t  s y s tem table represents  v i a  s u bd iv i s ion o f  c omponent s . 

The compu ter a id s  t he u s e r  by c r ea t ing a new system t a b le o f  

4 - 1  
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User Selects 
Calculational 
Mode of DB MS 

e System Fil 

User-Supplie 
Component D 

d Model-
at a 

-
Additional Sy 
Not Availabl 
File Is lntera 

stem Data-
e If System 
ctively Entered 

Chronology F 

User-Supplie 
Balance Time 

ile 

d Mass 

Chronology F ile-

Sample Fil 

Analysis 

User-Su 
Concent 

e� 
File 

pplied 
rations 

Isotope File 

Introductory Text Module 

This Module Introduces the Mass Balance Soft-
. ware Package to a User Logged Into the Mass 

Balance Data Base. Several Pages of Introductory 
Text Are D isplayed on the Terminal, Ending With 
an Option to Return to the Data Base Main Menu. 

' 
Problem Initialization Module 

This Module Prepares All Arrays and External 
Files for the Following Calculations. Then Using 
User-Supplied Input, It Creates a "New System" 
File Which Accurately Models the Flow Paths 
Described in the Existing Chronology File by 
"Lumping" Components. This Provides Direct 
Correlation Between Existing Sample and Analysis 
to Chronology Files. 

I 
t 

Voluma Calculational Module 

This Module Calculates Net Flow Rates for Each 
Component During All Periods of Constant Flow . 
as P111dicted by Chronology File Data. Then, a 
Subroutine Calculates the Integrated Component 
Volumes to the Mass Balance Times. Also, Tank 
Volumes at a Specified Time May Be Obtained 
Interactively at Will Via This or the Next Module. 

I 
t 

Radiochemical Concentration Module 

This Module Provides Computer Aids to the User 
to Locate Appropriate Radiochemical Data, Follow-
ing a Search for any Samples Alrndy Existing 
During the Period of No Flow or Discharge Only at 
the Mass Balance Time. Data Queries, Volume 
Calculations. etc., Provide the User with lnforma-
tion to Interactively Supply Representative Activity 
Concentrations. 

I 
t 

Isotopic Fraction Calculation Mod 

This Model Uses the Activity Concentrations and 
Final Volumes to Calculate Tank Activities along 
with Decay Corrections to Calculate Isotope Frac-
tions. Termination of this Module Ends the M3ss 
Balance Software Package. 

+ 
End or Return to Main Menu 

EXHIBIT 4-1 

New S 

System Accesses Mass Balance 
Software Package 

Print the Resulting Total, and Initial 
(Areas) Volumes for the "lumped" 
Model Components 

ystem File of Lumped Model 
nents Compo 

Print Volumes at the Mass Balance 
Time and Volume Changes from Zero 
Time 

Flow D ata: Flow Start and Stop Times. 
ates and Total Flows Flow R 

File of 

Print Final Concentration at Mass 
Balance Time 

Components, Isotopes and 
!rations Concen 

Print Activities in Each Component At 
the Mass Balance Time. 

Print the Isotope Fraction for Each 
Component Followed by the Total 
Isotope Fraction 

Preliminary Mass Balance Calculation 
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lumped compone n t s  and e s ta b l i sh ing the cor r e la t i on b e tween t h e  

new t a b l e  a n d  the chronology a nd sample table s . 

r u M Jht:tdiE ' '' 

The f low path  mode l p r e s en ted i n  Exh i b i t  3 - 4  i s  the b a s i s  for  

the p r e s e n t  p r e l i m i na r y  mas s  ba lances ;  the  lump i ng of  compone n t s  

i n  t he d a �a base t h a t  t h i s  mod e l  i nvolves i s  demon s t r a te d  on 

the compu ter  pr i ntou t in Exh i b i t 4 - 2 . The lumped compone n t  

symbol 1 7  RCS i nd i c a t e s  t h a t  t h i s  lumped compone n t  i ncorpo r a t e s  

a l l  o f  t h e  1 7  compone n t s  l i s ted unde r  RCS ( r eac tor c oo l a n t  s y s tem) . 

S im i la r ly , 3 MU-C- 1 i nc l ud e s  t h r ee compon e n t s : MU-C- lA and MU-

C-18 ( the  le tdown coole r s ) , as we l l  as MU-C - 1 , w h i c h  e n s u r e s  

t he i nc l u s i Jn o f  r ecor d s  not i d en t i f i ed a s  a pp ly i ng t o  a spec i f i c 

coole r . �he compu ter pr ov id e s  the user  a t  t h i s  po i n t  w i th a 

l i st o f  sys tem components for wh i ch volume or  s u r face a r e a  d a t a  

have not been e n t e r ed i n  the sys tem t a b l e  a n d  g i ves  h i m  t h e  

opt i on t o  i npu t s uch d a t a . I n  the e xample case , the  opt ion  

to add  d a t a  was decl i ned and the l i s t  o f  compone n t s  for wh ich  

s y s tem d a t a  a r e  lack i ng is  prov i ded as  shown i n  Exh i b i t 4 - 3 . 

I n  th i s  case , the lack o f  those vo lume d a t a  a r e  acceptable for 

a var i e ty o f  r ea sons . For e x ample , the  compone n t  RCP-C- 1 i s  

a d e s ig n a t i on used i n  t h e  chr onology table for t hose r ecor d s  

o f  t r an s f e r  t h rough t h e  cold legs  i n  t h e  r eac tor coo l a n t  sys tem 

for  wh i c h  the spec i f ic cold leg i s  not k nown . Hence , the  nece s s a r y  

volume d a ta a r e  ava i lable i n  t h e  s y s tem table under RCP-C- lAl , 

RCP-C- 1A2 , RCP-C- 181 , and RCP-C - 18 2 . S im i la r ly , RC-P- 1 & 2  i s  

a lumped d e s igna tor i n  t he ch r onology table , bu t volumes a r e  

ava i lable i n  the sys tem table for the sepa r a te pa r t s  ( i . e . , 

4 RC pumps ) . S imi lar  e xplana t i on s  for WDL-T- 1 ,  WDL-T- 8 ,  a n d  

WDL-T- 1 1  apply . 

For o t h e r  i tems on the l i s t , t h e  compone n t s  a r e  s i n k s  ( bu t  a t  

p r e s e n t  a r e  not spe c ia lly d e s ignated a s  s uch i n  t h e  d a ta base ) . 

Hence , t h e  AUX FLOOR ( Au x i l ia r y  bu i ld i ng f loor ) , UNI T  1 ,  and 

ATMOSPHERE are s in k s  for wh i ch a volume in t h e  system t a ble 

con t e x t  i s  not appl icable . For other i tems on the l i s t , t h e  

4 - 3  



1 l R C S  
R C - T - 1  
� C - T - 2  

R C · ti- l A  
ll C - H- 1 8  

R C P - C- 1 

IC C P - C - U l  
R C P - C - 1 A 2  

R C P - c - un  
R C P - C - 1 8 2  
A C P - P S - 1  

R C P - H - 1 A  

P C P - H- 1 1!  

R C · P - 1 & 2 
R C- P- 1 A  
R C · P - 1 6  

� C - P- 2 A  
R C - P - 2 8  

3 1' U - C - 1  
M U - C - 1 
M U · C - 1 A  
" u - c- 1 8  

U U - 1 -F E 
M U - 1 - f t. 

3 M U - F -5 
I' U - F - 5  
f! U · F - 5 A  

M U - F - 5 6 
3 1' U - It - 1  

P. U- K - 1  
P U - K - l A  

" u - K - 1 6  
3 M U- F -2 

IIIU-F-2 
P U - F- 2 A  
I' U - F - 2 8  

l M U- T - 1  

" u - r - 1 

4 fi U- P - 1  

" u - P - 1  

" U- P - 1 A  

IIIU- P - 1 8  

P U - P- l C  

l C ti -T - 1  

D H- T - 1  

l AU X  FL O O R  

J U A  F U l O H  

l � DL - T - 3  

.. O L - T - 3  

1 R 8  S UIII P 

lUI S U  .. P 

U t DL · T-2 
t�O'L- T - 2  

4 • DL-T-1 

EXHI B I T  4 -2 

USER-SUPPLIED MODEL COMPONENT DATA 

L I Q  

L H i  

L l !oi  

Ll �  

L l lol  

L I Q 

L h l 

L I Q  

L H I 

L I Q 
4 - 4 

( Con t i ned f r om f i r s t  column } 

w n L-:..T- 1 
• D L - T - 1 '  
"' O L - T - 1 8  
'- D L - T - l C  

1 ' U A S U � P  L l '  
J U X  S U M P  

l ii D L- T- 5  L I W  

w O L - T - 5  
3 • D L- T - 8  L l �  

II O L - T - 8  

11 D l - T - 8 A  
• o L - T - 8 8  

3 11 D L - T - 1 1  L l '  
b O L - T - 1 1  
w D L- T - l l A  
w D L -1' - l l B  

l ( O T  SU ' P  L l '  

C O T  S U M P  

l L N l T 1 L I Q  

U N I T  1 

1 ( 0 N 2  A L L  

, 0 � 2  

! S T A T I O N  Y E � T  G A S  
S T AT I O N  V E N T  

1 ' T M O S P H E R E  G A S  

J T III D S P h E � E 

5 � R- P - 1  L l �  
N R - P - 1  
t. A - P- 1 A  
ti! R - P - 1 8  
t. R - P - l C  
N R - P - 1 0  
l l A H - C - 1 3 & 1 4  L I Q  
J t1 • C - 1 l & 1 4 
A H- C - l J A  

A H- C - 1 38 
J H- C - 1 3 C 
A H - C- 1 1C 

A H- C - 1 3E 

A H-C- 1 4 A  

I H- C- 1 4 ! 

A H- C- 1 4C 

A H- C- 1 4 0  

A H-C- 1 4 E  



EXHI B I T  4 - 3  

COMPONENT DES I GNAT IONS W I T H I N  THE MODEL 
FOR WH ICH SYSTEM DATA ARE LAC K I NG 

THERE I S  NO MATCH IN SYSTEM DATA FOR R C P -C - 1  OF R C S  W I TH S TATE L I O 

THERE I S  NO MATCH I N  SYSTEM DATA FOR R C - P - 1 &2 OF R C S  W I TH S T A TE L I G  

THERE I S  NO MATCH I N  SYSTEM DATA FOR MU-C - 1  OF MU - r. - 1 W I TH STATE L I G 

THERE I S  NO MATCH I N  SYSTEM DATA FOR MU-C ·- l A  OF MU--C - 1  W I TH STATE L I G 

THERE I S  NO MATCH IN SYSTEM DATA FOR MU-C - l B OF MU- C - 1 W I TH STATE L I G 

THERE I S  NO MA TC H I N  SYSTEM DATA FOR MU- 1 -FE OF MU- 1 -F F.:: W I TH S TA l E  L I G 

THERE I S  NO MA T C H  I N  SYSTEM D A TA FOR MU-F - 5  OF MU-F- 5  W I TH STATE L I G  

THERE I S  NO MA TCH I N  SYSTEM DATA FOR MU-F - 5 A  OF MU-F- 5  W I TH S T A TE L I Q 

THERE I S  NO M A T C H  I N  SYSTEM D A TA FOR MU-F - 5 B  O F  MU -F- 5  W I TH S TA TE L I G 

THERE I S  NO MATCH I N  S YSTEM DATA FOR MU-K - 1  OF MU-K - l W I TH S T A TE L I G 

THERE I S  NO MA TCH IN SYSTEM DATA FOR MU-K- 1 A  OF MU - K - 1 W I TH S TA TE L I O  

THERE I S  NO MA TCH I N  SY STEM DATA FOR MU-K- ! B  OF MU-K - 1 W i rH S TATE L I G 

THERE I S  NO MATCH I N  SYSTEM DATI\ FOR :-tU-F-2 OF MU-F-2 W I TH STATE L I G  

THERE I S  NO MATCH I N  S YSTEM DATA FOR MU--F-2A OF MU-F-- 2  W I TH S TA TE L I O 

THERE I S  NO MATCH I N  SY STEM DATA FOR MU-F-2B OF MU-F-2 W I TH S TA TE L I G 

THERE I S  NO MATCH I N  S YSTEM DATA FOR MU-P - 1  OF MU-P - J  W I TH S TA TE L I G  � 
THERE I S  NO MA TCH IN SYSTEM DATA FOR MU-P - 1 A  OF MU-P - 1  W I TH S TA TE L I O I 

U1 THERE I S  NO MATCH I N  S YSTEM DATA FOR MU-P - 1 B  OF MU-P - 1 W I TH S TA TE L I O 

THERE I S  NO MATCH I N  S YSTEM DATA FOR MU-P - l C  OF MU-P - 1 W I TH S TA TE L I O 

THERE ! S  NO M A TC H  I N  SYSTEM DATA FOR AUX FLOOR OF AUX FLOOR W I TH S TA TE L I O 

THERE I S  NO MATCH IN SYSTEM DATA FOR WDL - T- 1 OF WDL -T-- 1 W I TH S TATE L I O 

THERE I S  NO MATCH IN S YSTEM DATA FOR WDL- T-8 OF WDL - T - 8  W I TH S T A TE L I G 

THERE I S  NO MATCH I N  S YSTEM D A TA FOR WDL - T- 1 1 OF WDL - T- 1 1 W I TH S T A TE L I O 

THERE I S  NO MATCH I N  SYSTEM DATA FOR UN I T  1 OF UN I T  1 W I TH S TA TE L I G 

THERE I S  NO MATCH I N  SYSTEM DATA FOR S TA T I ON VENT OF STA T I ON VENT W I TH STATE GAS 

THERE I S  NO Mt� TC H  I N  S YSTEM DATA FOR A TMOSPHER E OF A TMOSPHERE W I TH STATE GAS 

THERE I S  NO MATCH IN SYSTEM DATA FOR NR-·P - 1  OF NR -P - !  W I TH STATE L I G 

THERE I S  NO MATCH IN SYSTEM DATA FOR NR -P - l A  OF NR -P - l  W I TH S TATE L I O 

THERE I S  NO MA TCH I N  SYSTEM DATA FOR NR - P - l B  OF NR - P - l W I TH S TA TE L I O  

THERE I S  NO MATCH I N  SYSTEM DATA FOR N R - P - 1 C  OF NR -P - l W I TH S TATE L I O  

THERE I S  NO MATCH I N  SYSTEM DATA FOR N R -P - 1 0  OF NR -P - !  W I TH S TA T E  L I G 

THERE I S  NO MA TCH I N  SYSTEM DATA FOR AH- C - 1 3�< 1 4  OF AH-C - 1 3�� 1 4  W I TH S TA TE L I O 

THERE I S  NO MA TCH I N  SYSTEM DATA FOR AH-C - 1 3A OF AH-C - t 3�- d  4 W I TH S TA TE L I G  

THERE I S  NO MAT C H  I N  SYSTEM DATA FOR AH-C - l 3B OF A H -·C - 1 ."1�, 1 4  W I TH STATE L I O 

THERE I S  NO MATCH I N  S YS TEM DATA FOR AH-- C - J 3C OF AH -C - 1 3�< 1 4  W I TH S TA T E  L I G 
THERE I S  NO MATCH I N  SYSTEM DATA FOR A H -C - 1 3D OF A H - C - 1 :1 ?d 4 W I TH S TA T E  L I O 
THERE I S  NO MATCH I N  SYSTEM DATA FOR AH-C - 1 3E OF AH-C- 1 .3�, 1 4  W I TH STATE L I G 
THERE I S  NO MATCH IN SYSTEM DATA FOH AH-C - 1 4A CIF A H -C - 1 :3Pd 4 W i l H  STATE L I G 
THEfiE I S  NO MATCH I N  SYSTEM DA TA FOR AH-C - 1 4 B  OF AH- C - 1 3� 1 4  W I TH S TA TE L I G  
THERE I S  NO MA TCH I N  SYSTEM DATA FOR AH-C - l 4 C OF AH-C - 1 3ltd 4 W I TH · S TATE L I G  
THERE I S  NO MA TCH I N  SYSTEM DATA FOR AH-C - 1 4 D OF AH -C - 1 3.�< 1 4 W I TH S TA TE L I G 

THERE I S  NO MATCH I N  SYSTEM DATA FOR AH--C - 1 4E OF AH - C - 1 3-0,d 4 W I TH S TA TE l. I G  



vo l umes a r e  not ava i lable , and the p r e l im i n a r y  ma s s  balance 

consequen t ly may be l im i ted . Volume s for the NR-P- 1 i tems ( r i v e r  

wa t e r  pumps ) ,  t h e  AH-C- 1 3 & 14 i tems ( reac tor bu i ld ing a i r  coole r s )  

and seve r a l  MU-d e s igna ted compon e n t s  ( o f  the make-up a nd pur i f ica

t i on sys tem ) are  not  cur r en t ly ava i la ble . 

F i na l ly , the Pr oblem I n i t i a l i za t ion Mod ule prov i d e s  a l i s t  o f  

t h e  mod e l  { lumped ) components , tota l componen t  volume s and a r ea s , 

and the volumes o f  the l iqu i d  or  gaseous c on t e n t s  a t  the s ta r t  

o f  t he a c c i d e n t , a s  s hown i n  Exh i b i t  4 - 4 .  

4 . 2  VOLUME CALCULATIONS 

The th i rd module , the Volume Calcula t iona l Mod u le , accep t s  the 

n ew sys tem f i le o f  mod e l  components  and the  u s e r -suppl ied ma s s  

ba lance t i me ( i n th i s  example cas e , Apr i l  3 0 , 1 9 7 9 , a t  2 4 0 0  

hou r s )  and tot a l s  t h e  volume depo s i ts i nto a nd w i t hd r awa l s  f r om 

each  mode l  componen t  f r om the s ta r t  o f  the acc i d e n t  to the ma s s  

ba la nce t ime . 

Of  cour se , the  i d i osync r ac i es o f  the pr oblem i n i t i a l i za t i on 

f o l low t h r ough a nd man i fe s t  t he ms e lves i n  the volume s s hown 

on Exh i b i t 4 - 5 . For e xample , the c a lcula ted l iqu i d  or g aseous 

volumes of components for wh i ch some i n fluents  or  e f f lu e n t s  

h a v e  n o t  ye t b e e n  quan t i f i e d  a r e  i n  e r r o r . Some componen t s  

( e . g . , pump s ) a r e  t r e a ted a s  pa s s - t h rough e le me n t s , a nd t h e s e  

volumes a r e  con s i d e r ed to b e  ze r o .  Sou rce  compone n t s  may s how 

nega t i ve volume s ; for  e x ample , the STATION VENT a ppe a r s  a s  a 
sou r ce becau s e  � lows i n to the vent a r e  not ye t quan t i f ied .  

S im i la r ly , s ink componen ts ( e . g . , ATMOSPHERE ) bu i ld up l a r g e  

c a lc u l a ted pos i t i v e  volume s . The ne t r e su l t  o f  the ana ly s i s  

o f  th i s  l i st o f  l iqu id a nd gas  volumes i s  that the t r iple-sta r r ed 

v a l u e s  for t h e  RCS ( r eactor  coola n t  system) , MU-T- 1 { ma keup 

tank ) , WDL-T-3 ( re ac to r  coolant d r a i n  tan k ) , RB s ump , WDL-T-

1 { r e a c tor c oo l a n t  bleed tan k s )  and CON2 ( r aac tor bu i ld i ng con

t a i nment )  a r e  va l id and u s e f u l  for a ma s s  b a lance d e t e r m i n a t i on . 
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EXH I B I T  4 - 4  

TOTAL AND IN ITIAL VOLUME S AND 
AREAS OF MODEL COMPONENTS 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

TH I S I S  THE NEW S YSTEM DATA FOR 2 5  MODEL C OMP ONENTS 

* * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * *  

C OMP ONENT STATE TOTAL VOLUME TOTAL A R E A  I N I T I AL VOL UME I N I T I AL A R E A  

* * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * *  

R C S  L I G  8 .  86 E+04 0 .  OOE-0 1 8 .  2 4 E + O •l 0 .  OOE-0 1 

MLJ-C - 1  L I G  0 .  OO E - 0 1  0 .  OOE - 0 1 0 O O E - 0 1 0 .  OOE-· 0  1 

MV- 1 -FE L I G  0 .  O O E -0 1 0 .  OO E - 0 1  0 .  O O E - 0 1 0 .  OOE - 0 1 

MU -F- 5 L I G  0 .  O O E -0 1 0 .  O O E - 0 1 0 .  O O E - 0 1 0 .  O O E - 0 1 

MV-K - 1  L I G  0 .  OOE-0 1 0 .  OOE - 0 1 0 .  O O E -· 0 1  0 .  OOE - 0 1 

MV-F-2 L I G  0 .  O O E- 0 1  0 .  OOE- 0 1 0 .  OOE--0 1 0 .  OOE - 0 1 

MLI- T - 1 L I G  4 .  4 9 E + 0 3  0 O O E- 0 1 2 .  28E+03 0 OO E - 0 1 
MLI-P - 1  L I G  0 .  OO E -0 1 0 .  OOE- 0 1 0 .  O OE -0 1 0 .  OOE -- 0 1 

DH-T - 1 L I G  4 .  56E+0 5 0 .  OOE - 0 1 4 .  4 9E + 0 5 0 .  O O E- 0 1 

A IJ X  FLOOR L I G 0 .  O O E - 0 1 0 .  O O E - 0 1 0 .  OOE -0 1 0 .  OOE - 0 1 

WDL -T -3 L I G  4 .  86E +03 0. OOE - 0 1 6 .  6 4 E + O �J 0 .  OOE-0 1 

R B  SUMP L I G  2 .  0 9 E + 0 3  0 O O E - 0 1 8 .  74 E ·+ c ;;: 0 .  OOE-0 1 

WDL-T-2 L I G  1 .  90E+04 0.  OOE - 0 1  1 .  39E+O•t 0 .  OOE - 0 1 

W DL - T - 1 L I G  2 .  27E+ 0 5 0 .  O OE - 0 1 1 .  34 E +0 5  0 .  OOE-0 1 

A U X  SUMP L I G  6 .  3 7E +0 3 0 .  OOE - 0 1  4 .  8 4E + 0 3  C' .  011E-0 1 

WDL - T - 5  L I G  2 .  89E+03 0 .  OO E - 0 1 2 .  50E + 0 3  0 .  C C E -0 1 

WDL -T-8 L I G  1 .  5 1 E + 0 4  0 OOE - 0 1 1 .  6 8 E + 0 4  0 OOE-0 1 

WDL-T- 1 1  L I G 4 .  6 4 E + 0 3  0 .  OOE- 0 1  ...., 53E + 0 3  0 .  O O E - 0 1 c. . 

C D T SUMP L I Q  1 .  3 5E+02 0. OOE - 0 1 3 1 5E + O l 0 .  OOE-0 1 

liN I T  1 L I Q  0 .  OOE - 0 1 0 .  OOE - 0 1 0 .  O O E -·0 1 0 .  O O E - 0 1  

C ON2 A L L  .., 1 2E+06 2 .  38E+ 0 5 2 .  1 2E + 0 6  2 .  38E+05 -=.. . 

S TAT I ON VENT GAS 0 .  OOE -0 1 0 .  OOE - 0 1 0 .  O O E - 0 1 0 .  O O E -- 0 1  

A TMOSPHERE GAS 0 .  O O E - 0 1 0 .  OOE- 0 1 0 .  OOE" - 0 1 0 .  OOE - 0 1 

NR -P - 1  L I G  0 OOE-0 1 0 OOE -0 1  0 OOE -- 0  1 0 O OE --0 1  
AH-C - 1 3& 1 4  L I G  0 .  OOE -0 1 0 .  OOE - 0 1  0 om-= - o t 0 OOE-- 0 1  



EXH IB IT 4 - 5  

VOLUMES AT AND ACCUMULATED VOLUME CHANGES 
TO THE MAS S BALANCE T IME 

VOL UI"lES A R E  A T :  

YEAR : 79 
MONTH : 4 

DA Y : 30 

HOVR : 24 

M I NU TE :  0 

SECOND : 0 

* * * * ** ** * * * * * * * * * * * * * * * * * * * * * *  
* TA B LE O F  C OMPONENT VOL UME S * 
* * * * * * * ** * * * * * * * * * * * * * * * * * * ** *  

C OMPONENT S TA T E VOLUME C HANGE I N  VOLUME 

R C S  L I G  9 .  1 62E+04 9. 220E+03 * * *  

M U ·- C - 1  L I G  0 .  OOOE-0 1 0 .  OOOE -0 1 * * 

MU- 1 - FE L I G  0 .  OOOE -0 1 O . OOOE-0 1 * *  

M U-F- 5 L I G  O . OOOE - 0 1 0 .  OOOE-0 1 * * 

MU-K - 1  L I O  O . OOOE -0 1 O . OOOE-0 1 * *  

MU-F-2 L I U  0 .  OOOE -0 1 0 .  OOOE-0 1 * *  

M!J - T - 1 L I G  1 .  395E+03 -8 . 8 54 E+02 * * *  

I'IU-P - 1  L I G 0 .  OOOE -0 1 0 OOOE -0 1 * * 

DH - T - 1 L I G  1 .  609E + 0 5  - 2 . 88 1 E+0 5 * *  
A U X  FLOOR L I G  0 OOOE -0 1 0 .  OOOE-0 1 * *  
WDL - T - 3  L I G  7 .  440E+03 8. OOOE 02 * * * 

R B  SUMP L I G  4 .  463E+05 4.  4 5 5E+05 * * *  
WDL - T -2 L I G  - 3 .  664E+04 - 5 .  0 54 E + 0 4  * 

WDL - T - 1 L I G  5.  684E+04 - 7 . 7 1 6E+04 * * *  
A U X  SUMP L I G  2 .  964E+04 2.  4 80E+04 * 

W D L -T - 5  L I G  - 3 .  BOOE+03 -6. 300E+03 * 
W D L - T -8 L I G 3 .  800E +03 - 1 .  300E+04 * 
WDL - T - 1 1  L I G  - 1 .  200E+02 -2. 6 50E+03 * 

C O T  SUMP L I G  3 .  1 50E+O l 0 .  OOOE-0 1 * 
UN I T  1 L I G  6 .  1 1 5E +04 6. 1 1 5E +04 

* * 
C ON2 ALL 2. 1 20E+06 0.  OOOE-0 1 * * * 

S T A T I ON VENT GAS -4 . 060E+09 -4 . 060E+09 * *  
A TMOSP HER E GAS 4. 060E+09 4 .  060E+09 * * 

NR -P - 1  L I G  - 1 .  028E +0 5 - 1 .  028E + 0 5  * *  
AH-C - 1 3� 1 4  L I G  0 .  OOOE-0 1 0 .  OOOE-0 1 * *  

* Al l f l ows i n to/ f r om these  compone n t s  a r e  not quan t i f i e d , 
hence , volumes a r e  not cor r ec t . 

* *  Sour ce , s i nk , o r  pas s - t h r ough componen t s  for wh ich  volumes 
r e p r e s e n t  volume changes a r e  t he r e fo r e  not a pp l i ca b le . 

* * *Vo l umes a r e  a pp l i c a bl e . 
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4 . 3  RAD IOCHEMI CAL CONCENTRATI ONS 

The Rad i ochem i c a l  Concen t r a t i on Mod ule ha s not ye t bee n  d e v e loped . 

I t  w i l l a id t he u s e r  i n  the ma n i pu l a t ion  o f  the d a t a  base i n  

o r de r t o  ident i fy samples  that  r ep r e se n t  the con tents  o f  c ompo

ne n t s  a t  the mass ba lance t ime a nd to prov i d e  a ba s i s for c a l c u 

la t i ng the concen t r a t i ons f r om o t h e r  s ample or  ma s s  t r an s f e r  

c h r onology d a ta . The i npu t t o  i t  w i l l i nc lude t h e  f low d a t a  

f i le f r om t h e  Vo lume Calcula t i onal Module . The output w i l l 

be a f i le l i st o f  compone n t s , i sotope s , and conce n t r a t ions . 

The func t i on o f  th i s  mod ule can be i l lu s t r a ted w i th the e xample 

of a p r e lm i na r y  ma ss ba lance for Apr i l  3 0 , 1 9 7 9 , at 2 4 0 0  hou r s .  

A sea r ch o f  the sample table for s ample s ,  t a k e n  i n  the r e le v a n t  

t ime f r ame s , o f  componen t s  f o r  wh i ch volume s a r e  ava i lable r e su l t s  

i n  the i n fo r ma t i on s hown o n  Exh i b i t 4 - 6 . The RCS w i l l p r obably 

be con s i d e r ed in many ma s s  bala nce d e t e r m i na t i on s  as a spec i a l  

compone n t  because  the r e  a r e  many sample d a t a  f o r  t h e  RCS a nd 

becau s e  th i s  s y s tem r e p r e se n t s  the sou r ce o f , o r  a t r an s f e r  

veh i c le for , r ad i oac t iv i ty found i n  o t h e r  componen t s . For the 

p r e sent  e x ample , a supe r f i c i a l  e x ami n a t i on o f  the conce n t r a t ion 

v e r s u s  t ime behav i or ( Exh i b i t  4 - 7 ) o f  i sotopes in  the RCS i nd i 

c a te s  t h a t  the May 2 ,  1 9 7 9 , sample ( w h i c h  i s  t he one c lose s t  

t o  the ma s s  bala nce t ime ) i s  r e pr e sen t a t ive  o f  the RCS o n  Apr i l  

3 0 , 1 9 7 9 . S i m i la r ly ,  Exh i b i t  4 - 8  i nd i c a t e s  t ha t  t h e  May 2 ,  

1 9 7 9 ,  s ample o f  d i s so lved g a s  i n  the RCS i s  pr obably r ep r e senta

t i ve o f  t he RCS on Apr i l  3 0 , 1 9 7 9 . The f i r s t RB- sump s amp le 

i n  the d a ta base was  taken  on Aug u s t  2 8 , 1 9 7 9 .  

Ma s s  f low i n forma t i on f r om the c h r ono logy table i s  g ra ph i c a l ly 

r e p r e s e n ted i n  Exh i b i t  4 - 9  a nd i ts use i nd i ca ted i n  t h e  e x ample 

ma s s  ba l a nce by t h e  follow i ng : 

Be tween Apr i l  3 0  and Aug u s t  2 5 ,  t he r e  we r e  two f lows r ecorded 

i nto t he RB s ump a nd none out . One f low was pump lea k a g e  

o f  r i ve r  wa t e r  ( f low 7 on Exh i b i t  4 - 9 ) , and t h e  o t h e r w a s  

4 - 9  



Compone n t  

RCS 

WDL-T- 3 a nd 
RB sump 

WDL-T-1 and 
MU-T- 1 

RCS 

CON 2 

EXHI B I T  4 - 6  

SAMPLES TAKEN WI 'rH I N  THE TIME FRAME 
POTENTIALLY APPLICABLE TO MASS BALANCE 

FOR APR I L  3 0 ,  1 9 7 9  

SamEle Date S t a t e  

5/2/ 7 9  a nd appr ox i mate ly L i qu i d  
wee k ly ( see  g ra ph s )  

8/28/7 9 L iqu i d  

3/3 0/7 9 ,  3/ 3 1/7 9 ,  4/6/ 7 9 ,  L iqu id 
a nd 5/18/ 7 9  

5/2/ 7 9  a nd appr ox i ma t e ly G a s *  
wee k ly ( see g r a ph s )  

5/4/ 7 9  Ga s 

* D i s so lved f i ss i on g a s  

4 - 1 0  
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EXH I BIT 4 - 8  
Fission Gas in the Reactor Coolant 

and Its Isotopic Content 
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Component 

RCS: Reactor Coolant System 

Total 
Volume 

8 86 E4 

WDL - T - J Reactor Coolant Draon T ani< 7 43  E4 

RB Sump and Basement 2 09 E3 !Sump) 

WDL- T- 2: Mrscellaneous Waste 
Holdup Tank 

1 .98 E4 

WDL-T -1 Reactor Coolant Bleed Tanks 2.50 E 5  

Aux. F loor  and Sump 6 .37  E3 (Sump) 

WDL- T- 5: Auxrhary Burldrng Sump Tank 

WDL- T- 8: Neutrahzer Tanks 

WDL - T- 1 1  Contamrnated Dram Tanks 

MU - C- l letdown Coo lers 

MU- T - 1 :  Makeup Tank 

MU-1- FE  & M U - F - 5: Block Oriltce and 
Makeup and PurificatiOn Deminerahzer 
Filters 

MU-K-1  & M U - F - 2: Makeup and 
Puriltcation De mineralizers and 
Makeup Filters 

3 08 E3 
1 7 6  E4 

5 .32 E3 

4.50 E3 

Notes: a. Volume Based on Assumption That Tank Is Full 
b. flow Chronology Incomplete 
c. System/Component Data Not Compiled 

Initial 
Lrqurd Volume 

8.24 E4 

G 64 E3  

8 74 [2  

1 39 E4 

1 .34 E5 

4.84 E3 
2 50 E3 
1 .68 E4 

2 53 E3  

2.28 E3 

Volume 
at MBT 

9 1 6 E4 

7 44 E 3 ' 

4 46 E 5  

b 

5.68 E4 

2 96 E4 

b 

1 .40 E3 

Flow 
Path 

® 
® 
® 
® 
® 
® 
® 
® 

® 
® 
® 
® 
CD 
0 
0 
® 
0 
0 
® 
® 
® 
@ 

28 29 30 3 1  2 3 4 5 6 7 8 9 1 0  

2 .86 E5 t o  WDL- l - 3  
6 .55 E 4  to R B  Sump 

H 2.88 E5 tram DH-T - 1  

2.86 E5 tram RCS 

H 2.85 E!i to RB Sumn 

2 85 E5 1rom WDL-T-3 

8.26 E3 to WOL-T -2 

8.26 E3 tram RB Sump 

1 .08 E6 from MU- T - 1 

6 .5  

3.92 E4 to Unrt 1 

1 .0 1  E5 !rom MU- K - 1  

1 .30 E4 !rom MU-T - 1  

H 6.30 E3 t o  WDL-T - 8  

H 6.30 E3 !rom WDL-T - 5  

H H 1 .93 E 4  t o  Unit 1 

H 

H I  

2 .65 E3 to Unit 1 

H 1 .44 E5 to MIJ - F - 5  
2.90 E5 to MU-T-1 

2.90 E5 from MU-C-1  

I 1 . 30 E 4 to WDL -T-1  

8 .05  E4 from MU-F-2  
2 48 E4 t o  Aux. 

0 H  MU - C - 1  

@ 1�--����--------� 

8.05 E4 to MU-T -1 
1 .0 1  E5 to WDL-T-1 

EXHIBIT 4-9 
Flow Chronology 
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9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  22 23 24 25 26 27 28 29 30 

1 . 96 E4 to WDL- T - 1  

1 .96 E4 from WDL -T - 2  

8.66 E5 from M U - C - 1  

1 .04 E 6  to MU-T - 1  

1 .0 1  E6  from RCS 

8.66 E5 WDL-T - 1  

1 .04 E6 from WDL-T - 1  



EXHIBIT 3-9  ( Page 3 o f  3 )  

DATA BASE MANAGEMENT SYSTEM , 
TUTORIAL SESSION 

Y O U  W I L L B E  R E Q U I R E D  T O  U S E  S E V E R A L  C O M M A N D S  I N  E A C H  O P E R A ) I N G M O D E . 

A T  A N Y  T I M � , Y O U  C A N  R E C E I V E A S S I S T A N C E  F O R  A P A R T I C U L A R  C O M M A N D  B Y  

T Y P I N G  ' H l L P ' F O L L O W E D B Y  T H E C O M M A N D  N A M E . 

T H O S E  C O M �A N D S  W f! I C H  H A V E  T H E  P O W E R  T O  M O D I F Y  T H E  D A T A  B A S E  A R E  O N L Y  

A V A I L A B L E  W I T H I N  T H l  P A S S W O R D - P R O T E C T E D  M A I N T E N A N C E  M O D E . S P E C I F I C A L L Y , 

T H E  C O M M A N D S  A D D , D E L E T E , L O A D •  M O D I F Y , P O S I T I O N ,  R E L E A S E , R E S E R V E , 

C H A N G E � E R A S E , A N D  S A V E  A R E  O N L Y A V A I L A B L E  I N  T H E  M A I N T E N A N C E  M O D E . 

A D D R E S S  I N Q U I R I E S T O : 

T M I 

1 T U T O R I A L 
2 T A B L E  
3 M A I N T  
4 Q U E F: Y  
.,. 

E X I T  ..J 

N U S  C O R P O R A T I O N  

9 1 0  C L O P P E R  R O A D  

G A I T H E R S B U R G , M D 2 0 8 7 8  

A T T N : L Y N N  S H A W N  

P H O N E : < 3 0 1 ) 2 5 8 - 8 7 3 4  

M a s s B a 1 a n c e 

V E R S I O N 4 

D a t a 

A s e r v i c e o f  N U S  C o r p o r a t i o n 

f o r  E G & G  T I O  

B a s e 

L i s t i n f o r m a t i v e  t e x t  b� s u b J e c t  

E n t e r / d e s c r i b e s  c u r r e n t  t a b l e  

E n t e r  M a i n t e n a n c e  s u b s � s t e m  

E n t e r O u e r �  s u b s � s t e m  

T e r m i n a t e  

P l e a s e s e l e c t  a n  op e r a t i n �  aode n u m be r :  5 
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pump leakage o f  reactor coolant ( f low 2 on Exh i b i t  4 - 9 ) . 

The r i ver water i s  cons ide r ed clean r e l a t i ve to key i sotope s , 

and t he reac tor coolant concentr a t i on s  a r e  known . The 

RB-sump concent r a t ion on Apr i l  3 0 , 1 9 7 9 , can be e s t ima ted 

( w i th some imp l i c i t  a ssump t i ons ) v ia a back calcula t i on 

f rom the Aug u s t  2 5  concentrat ions , the two f lows noted , 

and the RCS concen t r a t i on ( a s sumed to be the May 2 ,  1 9 7 9 , 

conce n tra t i on s ) .  Th us , i t  i s  assumed that the only mas s  

tr ansfe r s  i nto o r  o u t  o f  the sump water are  those represented 

by the f lows ( e . g . , that no prec ip i tat ion or gas evolu t ion 

occu r r ed f r om the sump water ) .  I t  i s  a l so a s sumed that 

the reac tor coolant d r a i n  tank ( WDL-T- 3 )  concentrat ions 

are represented by the RB- s ump concen t r a t i ons . Th i s  as sump

t ion i s  based on the fact that th i s  tank i s  open to the 

sump and i nunda ted by i t .  

Th i r teen s ample analyses o f  the bleed tanks (WDL-T- 1 )  con ten t s  

are ava i lable t h a t  are  poss i bly useful  be tween Mar ch 3 0  and 

May 1 8 , 19 7 9 . A r ev iew of the f low h i s tor ies shows a �omp l i c a ted 

chr onology in t he t ime per i od from Mar ch 31 to Apr i l  � J .  The 

May 18 sample i s , the r e for e ,  a better  cho ice ; be tween Apr i l  

2 0  and May 1 8  the flows i n  and out o f  t he bleed tanks and t h rough 

the ma keup tank we re be ing managed to ma i nta i n  letdown and ma keup . 

Ma k eup was rou ted f r om the bleed tanks th rough the ma keup tank ; 

hence , the bleed tanks and makeup tank would have been ( approx i 

mate ly ) o f  s im i lar contents . I t  a ppea r s  r ea sonable that a t  

some f u t u r e  t ime a calculat ion s im i la r  to that  descr ibed above 

for the RB s ump cou ld be used here as we l l . However ,  the f low 

chronology r e levant to the bleed tanks i s  not ye t adequa te to 

t h i s  t a s k . For the present example , the May 1 8  s ample i s  used 

d i r ec t ly as an  approx i ma te i nd icator o f  the Apr i l  30 contents . 

The cho ice o f  s ample for es t ima t ing t he reactor bu i ld ing ( CON2 ) 

a tmosphere contents i s  the May 4 ,  1 9 7 9 , sample because t h i q 

was taken a t  a t ime ver y  c lose to the mas s  balance t ime and 
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there  are  no r eco rded ma ss transfers  that would have caused 

s ign i t icant changes in the i n te r im .  

The summa t i on o f  the e s t ima ted r ad iochemical concen t r a t ion , 

decay cor r ec ted to Apr i l  3 0 , 1 9 7 9 , a t  2 4 0 0  hou r s  i s  pr ov ided 

in  Exh i b i t  4- 1 0 . 

4 . 4  I SOTOP IC FRACTIONS 

The I sotopic  Frac t ion Calcu lat ion Mod ule has been d r a f ted . 

I t  calculates the f r ac t ion o f  each i so tope found i n  e ach mode l  

component , sums the f r ac t ions , and i nd icates the mas s  balance 

closure . 

4 . 5  RESULTS AND D I SCUSS ION 

The results  of the pr e l iminary  mas s  balance example a r e  shown 

i n  Exh i b i t  4-11  and are con s i s tent w i t h  prev ious r epor t s  o f  

r ad ioac t i v i ty accoun t i ng of TMI - 2  f i s s ion pr oduc t s . The r e sul t s  

d o  not represent a s tep forward i n  t h e  sense o f  prov i d i ng a 

more complete accoun t i ng o f  r ad ioac t iv i ty i n i t i a l ly pr esent 

in  the core . I ndeed , the r e s u l ts s hown on Exh i b i t  4 - 1 1  a r e  

l e s s  complete than some othe r s .  For example , the iod i ne- 1 3 1  

a nd xenon- 1 3 3  in  the uncontrolled r e leases o f  gases a r e  not 

i ncluded ( a s  has prev ious ly been done ) because the s t a t ion vent 

f low data are que s t i onabie . The contents of some tanks for 

wh ich volumes are cur rently unknown have been sampled a nd analy zed 

and one cou ld e s t imate amounts conta i ned in them u s i ng e s t ima ted 

volume s . 

I t  i s  noted that i n  Exh i b i t  4 - 1 1  two d ig i t s  a r e  i nd ic ated for 

va l ue s  less  t han 10 percent a nd 3 d ig i ts for values g r eater  

t h a n  1 0  per ce n t . Although these numbe r s  of  d ig i ts a r e  gene r al ly 

con s i s ten t w i t h  the number of s ign i f i cant f igures  r epor ted for 

analy ses ( Exh i b i t  4 - 1 0 ) , the accur acy of the values a r e  ver y  

unce r ta i n  a t  p r esent ; hence , the over a l l  accuracy o f  the i so tope 
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EXH I B I T  4 - 1 0  

ESTIMATED KF.Y I SOTOPE CONCENTRATI ONS 

Conce n t r a t ions 
WDL-T-3 WDL-T- l RCS 

and and ( f i ss ion 
RCS RB-Sump MU-T -· 1  g a s e s )  CON2 

I sotope (gC i /m1 ) (gC i/m1 )  .11!£ i I m]J_ ' uC i/m1 )  (gC i/cc )  

St ront i um- 8 9  6 6 7  2 0 6  
St ront i um- 9 0  6 7 . 9  2 . 8  
Iod i ne- 1 3 1  7 8 9  3 5 2  1 6 0  4 . 2 2E- 4 0 . 0 0 3 6  
Xenon- 1 3 3  3 . 57E-2  l4 . 7  
Ce s i um- 1 3 4  3 8  4 5  7 . 8  
Ce s i um- 1 3 7  1 7 0  1 7 8  3 5  
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EXH I B I T  4 - 1 1  

PRELIMI NARY MASS BALANCE FOR APR I L  3 0 , 1 9 7 9  

S ta te/ Ca lculated Frac t i on o f  
Component S r - 8 9  

L i qu i d s  
RCS 0 . 0 0 58 
WDL-T·- 3 0 . 0 0 0 1 5  
RB-Sump 0 . 0 0 8 8  
WDL-T- 1 
MU-T- 1 

Gases 
CON 2 
RCS 

TOTALS 0 . 0 1 5  

- 5  * 6 . 0E- 5 equa l s  6 . 0 x 1 0  . 

Sr - 9 0  I - 1 3 1  

0 . 0 3 0  0 . 0 7 5  
0 . 0 0 0 1 0  0 . 0 0 2 7  
0 . 0 0 6 1  0 . 1 6 4  

0 . 0 0 9 5  
0 . 0 0 0 2 3  

6 . 0E- 5 *  
4 . 0E-8 

0 . 0 3 6  0 . 2 5 1 

4 - 1 8  

To tal I sotoee I nventorl 
Xe- 1 3 3  Cs- 1 3 4  Cs- 1 3 7  

0 . 0 8 1  0 . 0 7 1  
0 . 0 0 7 7  0 . 0 0 6 0  
0 . 4 6 2  0 . 3 6 0  
0 . 0 1 0  0 . 0 0 9 0  
0 . 0 0 0 2 5  0 . 0 0 0 2 2  

0 . 3 8 4  
5 . 4E-6  

J . 3 8 4 0 . 5 6 1  0 . 4 4 6  

I 

I 



5 .  RECOMMENDAT IONS 

Th i s  sec t i on presents  recomme ndat ions for f u t u r e  e f fo r t s  to 

e x tend the e x i s t i ng capa b i l i ty to per form ma s s  ba lance calcu la

t i ons prod uc i ng be tter  closu r e . The s e  r ecommenda t i ons e ncompa s s  

t h r ee a spec t s : ( 1 ) the f u r ther  deve lopme nt and e n t r y  o f  da�a  

i n to the  compu te r i zed data ba se ; ( 2 ) the  con t i nued deve lopment 

of  compu ter-a ided data analyses  and ma s s  ba lance d e te r m inat ions ; 

and ( 3 )  acqu i s i t ion o f  the add i t ional data . 

5 . 1 COMPUTERI Z ED DATA BASE EXTENSION 

The extens ion o f  the data base to i ncorpo r a te cur r e n t ly e x i s t i ng 

or der i vable i n format i on on system descr i p t i ons , c h r onology , 

and rad iochem ical  analyses i s  r ecommended . The fol lowo i ng r ecom

menda t i ons pe r ta i n  to wor k  descr i bed in Sec t i on 3 .  

5 . l . l  Sys tem De sc r ipt ion s  

P r e sented be low a r e  r ecommenda t i ons for a s sembly o f  data on 

TMI - 2  sys tems . Some o f  t he r ecomme nda t i ons a r e  for an expan s i on 

o f  deta i l  to ach i eve a be t te r  de f i n i t ion o f  sys tems in the data 

ba se ; other r ecommenda t i ons are  for acqu i r ing f undamental  i n fo r 

ma t ion nece s s a r y  f o r  comple t i ng t h e  desc r ipt i on o f  ce r ta i n  sys te�s 

so that they can be i nc l uded in the data base . 

o The ma keup and pur i f icat ion sys tem component d e sc r ipt ion 

should be improved to pe rmi t account i ng for ma s s  d i s t r i 

but ion be twee n  i n ject ion i n to r e ac tor coolan t sys tem 

cold legs and pump s e a l s . 

o The l iq u i d  r adwas te sys tem component d e sc r ipt ion s hould 

be improved to perm i t  accounting  f or mas s  d i s t r i bu t ions 

be tween var i ou s  r ed undan t  compon e n t s  ( e . g . , WDL-T-

lA , WDL-T- lB , WDL-T- lC ) . 

5-1 



o Est imates of volumes and sur face ar eas should be devel

oped for  p i pe r uns in the cr i t i cal sys tems ( makeup 

and pur i f icat ion system , etc . ) .  

o C r i t i cal  system/component i n forma t i on for the EPICOR 

I and I I  and SDS sys tems should be developed and i nput . 

o The sur face areas of bu i ld i ng e lements ( c a tegor i zed 

as componen ts ) a f fected or contami na ted by the TMI -

2 acc ident (e . g . , i n-conta i nme nt a r eas , aux i l iary  

bu i ld ing component cubic les , e tc . )  should be d e f ined . 

5 . 1 . 2  Chronology 

Th i s  sec t ion pr esents the recommendat i ons for assembly of data 

on ma ss t r ansfe r s . For some t ime f r ames , the suggested chronology 

data represent an expans i on of deta i l  to ach ieve a be tter de f i n i 

t i on of ma ss t r ansfers in t he c u r r ent data base : for other t ime 

f r ames , the mass tr ans fer data has ye t to be def ined . 

I t  i s  recommended that the chronology/ma ss t r ansfer  data base 

be ex tended as follows . 

o The makeup and pu r i f icat ion sys tem usage s hould be 

r e f i ned through rev i ew o f  da i ly logs to account for 

i nd i v idual componen t ope r a t i on ( e . g . , f i lter s ,  demineral

i ze r s ) . 

o �Jd i t i ona l informa t ion and calculat ions should be 

assembled to r e f i ne the probable makeup and pur i f icat ion 

s y stem leakage to the aux i l ia r y  bu i ld i ng . 

o Add i t i onal  d e ta i led informa t ion r e la ted to the da i ly 

l i qu id leve l and vent ing ac t i v i t i e s  assoc i ated w i th 

the makeup a nd pur i f icat ion sys tem makeup tank (MU-
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T- 1 )  should be as sembled to evaluate gas  r e l e a s e s  

dur ing t h e  acc ident and r ecover y  per i od . 

o Add i t i ona l i n format i vn and calculat ions should be 

a s s embled to de f i ne da i ly l iq u i d s  leve l s  i n  the l i qu id 

r adwa ste  sys tem . 

o Add i t i onal i n f ormat ion should be as sembled to d e f i ne 

use  o f  the l iqu id r adwa s te system to supply ma keup 

to the r eac tor coolant sys tem . 

o The use o f  h i gh-pr e s s u r e  i n j ec t i on f r om the bor a ted 

water s torage tank shou ld be r e f i ned to account for 

the ope r a t i on of the conta i nment spray sys tem subsequent  

to  t he hyd rogen bu r n . To date , only  t he ma s s  added 

to the conta i nment on Ma rch 28 , 1 9 7 9 , has bee n  de f i ned 

and i ncor porated i nto the data base . Cor e f lood tank 

u sage should a l so be d e f i ned . 

o E f fo r t  shou ld be e xpended to adequa tely d e f i ne the 

use  o f  t he hea t i ng , vent i la t i on ,  and a i r  cond i t ion i ng 

( HVAC ) sys tem to u l t imately ach i eve a r ea l i s t ic mod e l  

a ssoc i a ted w i th ga seous r e lease dur ing  t h e  acc iden t . 

o Ma s s  trans fer  chrono logy should be iden t i f ied for 

spec i f ic system componen ts  i ncor por a ted a s  r ecommended 

i n  S�c t i on 5 . 1 . 1 . 

o I n forma t i on r e levant to le tdown to the makeup and 

pur i f icat i on system shou ld be deve loped through r e fe r r a l  

t o  da i ly log s . 

0 Da ta a s soc i a ted w i th mass t r ans fer accompl i shed th rough 

ven t i ng of t he pressur i zer , ma keup tanks , r eac tor 

coolant bleed holdup tanks , e tc , s hould be deve loped 

t hrough r e f e r r a l  to d a i ly log s . 
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o The ma keup and pur i f icat ion sys tem le taown leakage 

to the aux i l i a r y  bu i ld i ng should be d e f i ned . 

o The serv i ce water inlea kage to the aux i l ia r y  bu i ld i ng 

should be d e f i ned . 

o The s team gene r a tor ma ss t r ansfer  and iod i ne car r yove r 

to i nterconnec t i ng systems , i nclud i ng the env i ronment , 

should be de f i ned . 

o The chrono logy of  EPICOR I ma ss  proce s s i ng d u r i ng 

the month of Apr i l  1 9 7 9  shou ld be inpu t . 

o The data abou t mass tr ans fer  and treatmen t  from the 

aux i l i ar y  sumps to the m i scel laneous wa s te holdup 

tank and subsequently e i ther  to un i t  1 or the bleed 

tanks (WDL-T- 1 )  shou ld be r e f i ned . 

o Add i t iona l informat ion should be deve loped for the 

per iod f rom March 2 8 , 1 9 7 9 , to the cu r r en t  t ime fr ame 

for deta i led mass f lows a s soc i a ted w i th sys tems i ncor 

por a ted i n  the system f i le .  

o I ndu s t r i a l  wa tec r elease to the r iver should be def ined 

and compared w i t h  the aux i l iary  bu i ld i ng sump l iqu id

proces s i ng ac t iv i t ie s . 

o De ta i led data r epresen t i ng gas/vapor mas s  t r ansfer  

w i th i n  the  conta inment and HVAC sys tem to  Apr i l  3 0 , 
1 97 9 ,  s hould be developed . 

5 . 1 . 3  Rad i ochemical Data 

The follow i ng recommendat ions wer e  made w ;  

r ad ioc hemi ca l  d a t a  i n  t he data base . 
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o The sys temat ic sea rch for ea r ly sample data should 

be e x tended to d e t e r m i ne r e s u l t s  of s amples ident i f ied 

in  �he  GPU sample coord i na tor ' s  log for componen ts 

i n  t he r eac tor coolant system , the ma keup and pu r i f i 

cat i on system , and the l iqu i d  r adwa s te sys tems . The 

search s hould al so i ncl ude a thorough r e v i ew of summa r y  

documents  that have repor ted such data . 

o A l i s t  of arch i ved samples ava i lable for pos s i ble 

reanaly s i s  should be comp i led and used i n  a sys tema t ic 

rev i ew of the rad i ochem ical data  ba se i n  order  to 

ide n t i fy samples whose r eanalys i s  wou ld be of va lue . 

I n  th i s  r ega r d , both i od i ne- 1 2 9  and t r i t i um a r e  of 

par t i cular  i n terest . Where  pos s i ble , iod i ne - 1 2 9  should 

be dete r m i ned in se lec ted samples pr e v i ou s ly analyzed 

for i od i ne- 1 3 1  to ver i f y  the iod i n e - 1 2 9  to i od i ne- 1 3 1  

r a t ios . Tr i t i um conce n t r a t i ons i n  se lected compo-

nent samples w i l l prov i de an analy t ical bas i s  for 

r e la t i ng the componen t contents to the r eactor coola n t . 

o The data base does not pr esen t ly i nc lude s u r face act i v i ty 

data and i t  should be expanded to i nc lude such data . 

Sur face con tam i na t i on i n  the r eactor bu i ld i ng i s  of 

cons i de r able impor tance to t he unde r s tand ing of the 

g a seous-sur face mas s  t r an s f e r  i nt e r ac t i ons ther e .  

The pr edecontami n a t i on sur face s amples taken from 

r eac tor bu i ld i ng sur face s appear  to be espe c i a l ly 

impor tant i n  t h i s  regard and r epresent  the on l� samples 

tha t have sys tema t ically r emoved and cha r acte r i zed 

everyth i ng from known sur face a r ea s . The i r  use to 

i nd icate the r ad ioac t i v i ty a s soc i a ted w i th known a r eas 

cou ld be impor tant , although the imprec i s i on of much 

of the data ta ken for hea lth  phys ics purposes may 

be a seve r e  d e tr iment to the i r  quan t i ta t i ve use . 
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o The data bas e  cu r r ently con ta i ns ve ry few samples 

o f  sol i d  mate r i a l ; these are o f  suspended sol ids  f i l 

t e r ed f r om l iqu id  samples .  Some components o f  the 

mak eup and pur i f ica t i on sys tem cont a i n  s ign i f icant 

amounts of sol id  ma ter i a l , and some of these ( i . e . , 

f i l te r s )  are  be i ng d i smant led and t he sol i d . mater i a l  

we i ghed and analyzed a t  t h e  present t ime .  These data 

w i ll be e xpec ted to have d con s i de r able i n f l uence 

on mas s  balance and should be entered i n to the sys tem 

as soon as ava i lable to a l low appl i c a t i on of the exper i 

ence s i n  us ing the data i n  ma ss  ba lances to fur ther 

samp l i ng and analyses . 

The r e  are  many data element s  that are  sem iquan t i ta t i ve i n  nature 

but that , in  v iew o f  the lack o f  data dur i ng t he t ime s of pr ima r y  

i nter e s t , w i l l pr obably become use f u l . Inclu s i on o f  such data 

s hould be cons idered ; these data wou ld i nclude area mon i tor , 

smear and gross ac t i v i ty data for gaseous and l iqu i d s amples . 

These data wou ld poten t i a lly be used as r e lat i ve mea sures of 

a c t i v i ty and are poten t i ally  useful , along w i th some i sotop ic 

analyses , a s  ca l i br a t i on po i n t s . 

Some cons iderat i on should be g i ven a l so to i nclude chem ical 

analy s i s  data i n  the data base ; pH values may be par t icular ly 

u s e f u l  for cha r acter i z i ng aqueou s chem i s t r y . 
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5 . 2  COMPUTER-AI DED DATA ANALYSES 

Recommenda t i ons i n  the a r ea of compu ter-a ided d a t a  analys i s  

i nclude t he comp l e t i on and e x t e n s i on of the  compu t e r -a ided acco u n t 

i ng proce ss ou t l i ned i n  Sect i on 4 . 1 . I t i s  a l so r ecommended 

that deve lopment beg i �  on a mor e  soph i s t i cated ma s s  tr ansfer  

module to  s imu l a te i n terphase t r an s fe r s  be tween and  w i th i n  compone n t s  

o f  spec i a l  i n ter e s t . 

5 . 2 . 1  Accoun t i ng of Componen t- to-Component  Ma s s  Tr ans fer 

I t  is r ecommended that the complet ion of the calculat ional module s 

( d e scr i bed i n  Sect i on 4 . 1 } for l iqu id t r an s fe r s  be g i ven a h ig h  

pr i or i ty .  Th i s  w i ll i nvolve deve lopment o f  a sys tem of opt ions 

in the r ad i ochemical conce n t r a t ion module to a i d the user i n  

the cho i ce o f  t h e  most appl icable sample data and i n  t h e  calcula

t i on o f  concen t r a t ions for a chosen ma s s  ba lance t i me f r om known 

pr ior or subsequent component concent r a t i ons and f r om concen t r a 

t i ons and volume s o f  i n f luent l iqu i d s . Add i t iona l ly ,  p r ov i s ion 

to de termi ne and account for the i n fluence of f i l te r s  and dem i n

e r a l i ze r s  on l iqu id f lows should be i ncorpor ated . 

The ne xt  s teps wou ld be the i nc lu s i on o f  gas  and sol i d s  t r an s fe r s .  

These deve lopments  should be made i n  ca r e f u l  conce r t  w i th the 

deve lopment of data de f i n ing gas and sol ids  t r an s fe r s  to ensu r e  

that the calcul a t i onal a id s  a r e  usef u l . As noted a bove , gas  

flow d a ta a r e  spa r se and/or suspec t and t he ma ss t r an s fe r  ca lcu-

lat i on s  w i l l pr obably be needed to deduce and e s t imate gas t rans

f e r s , bu t the spec i f ic method s  w i l l  have to be deve loped . 

I n  the case o f  sol i d s , the t r an s fe r s  occ u r r ed a long w i th gases 

and l iqu ids , and t he amounts t r a n s f e r r ed w i ll have to be deduced 

f r om the quant i t i e s  and cha r ac te r i s t i c s  o f  sol ids  found and 

sampled , a s  we ll  as the quant i t i e s  and cha r ac te r i s t ics of the 

car r i e r  gas or l iqu i d  f low s t r eams . Aga i n , the spec i f ic uses 

o f  t he calcu la t i onal a id s  w i ll be deve loped . 
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A v e r y  impor tant u se of the account i ng model should be i ts appl i 

c a t j on t o  the r e v i ew of the data base and the iden t i f icat ion 

o f  i nd i v i dual  va l ues that are  i ncon s i s tent w i th the bulk o f  

t h e  data . F i n a l ly , i t  should be used to deve lop and ma i n t a i n  

( as new data a r e  ava i lable ) t h e  be st e s t ima tes of mas s  balance 

v e r s u s  t ime . 

5 . 2 . 2  Mode l i ng of Ma ss Trans fer s W i t h i n  Components 

The r eac tor coolant sys tem should be modeled to fac i l i ta te the  

g r eatest  use of the  r e l a t ively abundant r eactor coolant sample 

and analy s i s  data , because the reac tor f ue l  and coolant a r e  

t h e  sou rces of those ma ter i a l s  t r ans fe r r ed to o t h e r  components 

and because the r eac tor coolant ha s been i n  contact w i th the 

degr aded cor e  for 3 �  year s .  Th i s  model ing would fac i l i tate 

the deve lopment of the r e l a t i onsh i ps between the r eactor coolant 

conce n t r a t ions as a funct i on of t ime and the co� tents of var i ous 

tanks . I t  wou ld also fac i l i tate a ssessments  of the e f fects 

o f  the r eac tor coolant on the degr aded core d u r i ng the long 

c leanup per i od . 

The r eac tor bu i ld i ng i s  a complex component ( o f  la rge gas volume , 

large and var i ed sur face areas , l iqu id -gas i n t e r faces , etc . )  

and i s  a safety fea t u r e  the func t i on i ng o f  wh ich i s  of gene r ic 

i n te r e st to the nuclear i ndust ry . Mode l i ng o f  the r eac tor bu i ld

i ng should add r e s s  the i ssues of absorpt ion/d e sorpt ion , wa shout/ 

pla teou t , s e tt l i ng , and l i qu id/vapor equ i l i br i um .  Reac tor bu i ld i ng 

mode l i ng should be fac i l i ta ted by the we ll-documented vent i ng . 

Another r ecommended mod e l i ng e f for t pe r ta i ns to the r eactor 

coolant sys tem/pr essure  vesse l , e spe c i a l ly d u r i ng the pe r iod 

o f  f ue l  ove r he a t i ng . I t  i s  r ecommended that a s u f f i c i ent con

c e pt ua l-stage e f for t be made in order  to e s tabl i sh the par ame t e r s  

t h a t  would g o  i nto such a mode l and , hence , t o  e stabl i s h  data 

need s .  
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5 . 3  DATA ACQUI S ITION 

I t  i s  appa r ent that acqu i s i t i on or deve lopmen t of new data  w i l l 

be requ i red to s a t i sfy the e xpanded sys tem desc r i pt i ons , ma s s  

t r an s f e r  chr onology , and r a d i ochemical  samp l i ng a n d  analy s i s  

r ecommenda t i ons made here i n . Some cons i d e r a t ion o f  the r e sources  

r equ i r ed to acqu i r e or  deve lop that  add i t iona l i n format i on i s  

necess ar y .  For the mos t pa r t , that cons i d e r a t ion mu s t  be prov ided 

by those on whom the burden of data col lec t i on would fa l l .  

5 . 3 . 1  Sys tems De scr ipt i on and Chr onology Development 

To a g r ea t  e x tent , pe r sonnel loca ted at  the TMI - 2  fac i l i ty would 

be i nvol ved in loca t i ng , obta i n i ng , and evaluat ing the d r aw ings 

and documents that prov ide the i n format ion descr i bed in Sec t i on s  

5 . 1  and 5 . 2 .  The e f for t i nvolved i s  b e s t  de f i ned by those fami l ia r  

w i th plant documen tat ion . 

5 . 3 . 2  Sampl i ng and Analyses 

Mos t  o f  the l iqu id sampl i ng pe r t i nent to ma ss ba lance has been 

done ; howe ve r , the  �a keup tank and r eac tor coolant d r a i n  tank  

r ema i n  to be  sampled . The feas i b i l i ty and usefulness  of sampl i ng 

t he con tents of se lec ted p i pe s  i n  the ma keup and pur i f icat ion 

sys tem should be exami ned . 

Sur faces a r e  of spec i a l  impor tance i n  the r eactor bu i ld i ng and 

in t he r eac tor coolant sys tem . Although many s u r faces in the 

r eac tor bu i ld i ng have been sampled , t he ba seme n t  s u r face s have 

yet to be sampled above and be low the h i gh-wa ter mar k .  Sur face 

samples f r om the p r e s s u r e  vessel and 11ppe r core s t r uc tu r e s  may 

help i l luminate t he behav ior of f i s s i on produc t s  d u r i ng t he 

per iod o f  ove r hea t i ng . 

Sol id s  mus t be cha r acter i zed and the volumes or ma s3es e s t i ma ted 

and ana lyzed . The largest  depos i ts o f  sol i d s  ou t s i de the r eac tor 
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coolant sys tem a r e  appa rently in the makeup and pur i f icat i on 

sys tem a nd presumably in the sumps . 

Procedures  for char acter i z i ng and samp l i ng o f  the contents o f  

t h e  p r e ssure  vessel need t o  b e  wor ked o u t  i n  deta i l  t o  ensu r e  

tha t the data accr ued can suppor t a ma ss balance calcula t i on .  

For example , the eva luat i on of the number and locat ion of undam

aged fuel assembl ies would ind ica te the f r act ion of f i ss ion 

gases and volat i le f i ss i on products s t i l l conta i ned i n  the fuel , 

wh i le eva luat ion of the numbe r and locat i on o f  damaged bu t i ntact 

f ue l  a ssemb l i es wou ld i nd icate fuel from wh i ch on ly the h i ghly 

vola t i le ma ter i a l s  escaped . I n  add i t ion , i n format ion about 

the ma ss and loca t i on of i ntact segmen ts wou ld d e f ine the location 

o f  add i t ional r e f r actory f i ss ion prod ucts ; i n format ion about 

t he mass , par t ic le s i ze ,  and compos i t i on of debr i s  wou ld enable 

an appr oach to be developed to accoun t  for the degr aded ma ter i a l . 

Aga i n  the feas i b i l i ty and cos t o f  acqu i r ing t hese data need 

to be car e f u l ly eva luated as an integ r a l  pa r t  of the d e t a i led 

r ecove r y  ope r a t i on plann i ng . 
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f r act i on i s  not known and i s  not i n tended to be i nd icat e� by 

the numbe r o f  d i g i t s shown . 

In  th i s  s tudy the dec i s i o� has been made to e s tabl i sh a d a t a  

base and met hod that  can e ventua l ly d e te r m i ne ma ss balance s 

a s  a func t ion o f  t i me .  Th i s  me thod can , the r e fo r e ,  a s s e s s  the 

va l ues i n  t he data base i n  terms o f  t he i r  con s i s tency w i th o t h e r  

data , est i ma te values whe r e  d a t a  a r e  lac k i ng f r om ma ss t r an s fe r 

cons i de r a t i ons , i n te r po l a te be tween data , and eventually prov j de 

a bas i s  for r e t r ospec t ive e x t r apo la t i on bac k i n to the ear l ie r  

pe r i od s o f  t he acc i dent . 

Impl i c i t  i n  the me thod i s  the a s sump t ion ( u n t i l  ev i dence acc r ue s  

to t h e  cont r a r y )  that each datum i s  va l id ; f o r  e xample , that 

a pa r t i c u l a r  sample and analys i s  doe s  r ep r e s e n t  the volLme sample d . 

I n e v i ta b ly th i s  w i ll lead to i n s tances o f  anoma l ies that w i l l  

have to be sor ted out unt i l  some r easona ble e xp l a n a t ion a r i ses . 

Ea s i cci lly , th i s  w i ll be a p roce ss o f  accept ing t he data a s  they 

a r e , wh i le g r ad ua l ly develop i ng e v i d ence to suppo r t  ce r ta i n  

data i n  p r e f e r ence to other data  that a r e  i ncon s i s ten t . 

As i ncomplete a s  the data base i s  a t  pr e sen t , i t  i s  su f f i c i e � t  

to demons t r ate t hat the met hod wor ks and t o  i nd icate  t h a t  i t  

w i l l wor k  mor e  e f fec t i ve ly w i th add i t iona l data . 

4 - 1 9  

-EAJb 
bAf£ F I t_fVl E TJ 

() tS[-:J 'I j 1f 2-



EXH I B I T  4 - l l  

P RELIMINARY MASS BALANCE FOR APR I L  3 0 , 1 9 7 9  

State/ Calcula ted Fract ion o f  Total  I sotope I nventory 
Componen t  S r - 8 9  Sr - 9 0  I - 1 3 1  Xe- 1 3 3  Cs- 1 3 4  Cs- 1 3 7  

L i qu i d s  
RCS 
WDL-T- 3 
RB-Sump 
WDL-T- 1 
MU-T- 1 

Gases 
CON 2 
RCS 

TOTALS 

0 . 0 0 5 8 
0 . 0 0 0 1 5  
0 . 0 0 8 8  

0 . 0 1 5  

* 6 . 0E- 5 equa l s  6 . 0 x 1 0- 5 . 

0 . 0 3 0  
0 . 0 0 0 1 0  
0 . 0 0 6 1  

0 . 0 3 6  

4-18  

0 . 0 7 5  
0 . 0 0 2 7  
0 . 1 6 4  
0 . 0 0 9 5  
0 . 0 0 0 2 3  

6 . 0E- 5 *  
4 . 0E- 8 

0 . 2 5 1  

0 . 3 8 4  
5 . 4E-6  

O . J 8 4  

0 . 0 8 1  
0 . 0 0 7 7  
0 . 4 6 2  
0 . 0 1 0 
0 . 0 0 0 2 5  

0 . 5 6 1  

0 . 0 7 1  
0 . 0 0 6 0  
0 . 3 6 0  
0 . 0 0 9 0  
0 . 0 0 0 2 2  

0 . 4 4 6  



5 .  RECOMMENDAT IONS 

Th i s  sec t i on presents r ecommendat ions for fut u r e  e f fo r t s  to 

ex tend the e x i s t ing capab i l i ty to per form ma ss balance calcula

t i ons produc i ng be tter  closu r e . These recommendat ions encompa s s  

t h r ee a spec t s : ( 1 ) the fur ther deve lopme nt and entry  of  data 

i n to the computer i zed data base : ( 2 ) the cont i nued deve lopment 

o f  compu ter-a ided data analyses and ma ss balance d e te r m i n a t i ons : 

and ( 3 ) acqu i s i t i on of the add i t ional data . 

5 . 1  COMPUTERI Z ED DATA BASE EXTEN S ION 

The ext ens ion o f  the data ba se to i ncorpor ate cur r en t ly e x i s t ing 

or der iva ble i n forma t i on on system descr i p t i ons , c h r onology , 

and rad i oche � i c a l  ana lyses i s  r ecommended . The fol lowo i ng r ecom

mend a t i ons pe r ta i n  to wor k descr i bed in Sec t i on 3 .  

5 . 1 . 1  Sys tem De scr ipt ions 

P r esen ted be low are r ecommendat i ons for as sembly o f  d a ta on 

TMI - 2  sy s tems . Some of t he r ecommend a t i ons a r e  for an expan s i on 

o f  deta i l  to ach i eve a be tte r  de f i n i t ion o f  sys tems i n  the data 

ba se : other r ecommenda t i ons are  for  acqu i r i ng f undamental  i n for 

ma t ion nece s s a r y  for comple t i ng the desc r i pt ion o f  c e r ta i n  sy•; tems 

so that they can be i nc l uded i n  the data base . 

o The makeup and pur i f ic a t i on sys tem component d e scr ipt ion 

should be improved to permi t account ing for ma ss d i st r i 

bu t ion be tween i n j ec t i on i n to r eac tor coolan t  sys tem 

cold legs and pump seals . 

0 The l iquid  r adwas te sys tem componen t  descr ipt ion should 

be improved to per m i t  account ing for ma ss d i str ibut ions 

be tween va r iou s r edundant  component s  ( e . g . , WDL-T-

lA , WDL-T- lB , WDL-T-lC ) . 
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o Est imates of volumes and s u r face a r ea s  should be devel

oped for p i pe r uns in the cr i t ical sys tems ( makeup 

and pur i f ica t ion sys tem , e tc . ) .  

0 Cr i t ical sys tem/componen t  i n forma t i on for the EPICOR 

I and I I  and SDS sys tems shou ld be deve loped and i npu t . 

o The sur face a r ea s  o f  bu i ld i ng e lements  ( ca tego r i zed 

a s  compone nts ) a f fec ted or con tamina ted by the TMI -

2 acc ident ( e . g . , in-con ta i nment a r e a s , au x i l iary  

bu i ld ing component cub icles , e tc . ) should be  d e f ined . 

5 . 1 . 2  Chronolo� 

Th i s  sec t ion pr esen t s  the r ecommenda t ions for as sembly o f  data 

on ma ss t r ansfer s .  For some t ime f r ames , the sugges ted chronology 

data represent an expans ion o f  deta i l  to ach ieve a be t ter  de f i n i 

t i on o f  ma ss t r ans f e r s  i n  the cur rent  data base ; fo: other t ime 

f r ame s , the mass transfer  data has ye t to be def ined . 

I t  i s  r ecommended that the chronology/mass t r an s f e r  data ba se 

be ex tended as follows . 

o The makeup anj pur i f ica t ion system u s age should be 

re f i ned th rough rev iew o f  da i ly logs to account for 

i nd i v idual component ope r a t ion ( e . g . , f i lte r s ,  d em i ner a l

i ze r s ) . 

o Add i t i ona l informat ion and calcula t ions should be 

a ss embled to r e f ine the probable ma keup and pur i f icat ion 

sys t0m leakage to the aux i l i a r y  bu i ld i ng . 

o Add i t ional deta i led in forma t ion r e la ted to the d a i ly 

l iquid level and vent ing act i v i t ie s  a s soc ia ted w i th 

the ma keup a nd pur i f icat i on system ma keup tank (MU-
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T- l )  should be assembled to evaluate gas  r e leases 

dur ing t he acc ident and recove ry per i od . 

o Add i t iona l in format i0n and calculat ions should be 

assemb led to de f i ne da i ly l i q u i d s  leve l s  i n  the l i q u i d  

r adwa s te sys tem . 

o Add i t i onal in forma t ion should be as sembled to de f ine 

u s e  of the l i q u id r adwa s te sy s tem to s u pp l y  ma k e up 

to the reac tor coolant sys tem . 

o The use o f  h igh-pr e s s u r e  i n j ec t i on f r om the bor a ted 

water s torage tank shou ld be r e f i ned to account for 

the ope r a t ion o f  the conta i nment spr ay sys tem subsequent 

to t he hyd rogen bu rn . To date , only the ma ss  added 

to the conta i nmen t on Ma rch 28 , 1 9 7 9 ,  has been de f i ned 

and i n corpora ted i nto the data base . Core f lood tank 

usage should a l so be def i ned . 

o E f for t should be expended to adequa tely d e f i ne the 

use o f  the hea t i ng , vent i la t i on ,  and a i r  cond i t i on i ng 

( HVAC ) sys tem to u l t ima tely ach i eve a r ea l i s t ic model 

a s soc i a ted w i th ga seous r e lease dur ing t he acc ident . 

o Ma ss  t r ans fer  chronology should be ident i f i ed for 

spec i f ic system components i �cor por a ted a s  r ecommended 

i n  Sec t ion 5 . 1 . 1 .  

o I n forma t ion r e levant to le tdown to the ma keup and 

pu r i f i ca t i on system s hould be deve loped t h rough r e fe r r a l  

t o  da i ly logs . 

o Da t a  a ssoc i a ted w i th mas s  tr ans fer accompl i shed through 

vent i ng of  the pressur i ze r , ma keup tanks , reac tor 

coolant bleed holdup tanks , e tc ,  s hould be deve loped 

through r e fe r r a l  to d a i ly log s . 
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The ma keup and pu r i f icat ion sys tem le toown leakage 

to the aux i l i a r y  bu i ld i ng shou ld be de f i ned . 

The serv ice wa ter i nleakage to the aux i l i a r y  bu i ld i ng 

shou ld be de f i ned . 

The s team gene r a tor mass t r ans fer and i od ine car ryove r 

to i nterconnec t i ng sys tems , i nclud i ng the env i r onmen t ,  

should be de f i ned . 

o The chronology of  EPICOR I mas s  pr ocess i ng d u r i ng 

the month of Apr i l  1 9 7 9  should be i n pu t . 

o The data abou t mass t r ansfer  and t r e a tmen t  from the 

aux i l i a r y  sumps to the m i scel laneous wa ste holdup 

tank and subsequently e i the r to un i t  1 or the bleed 

tanks (WDL-T- 1 )  should be r e f i ned . 

o Add i t ional i n format ion should be deve loped for t he 

per iod f rom Mar ch 2 8 , 19 7 9 ,  to the cu r r ent t ime fr ame 

for deta i led mass flows assoc i a ted w i th sys tems i ncor 

por ated i n  the system f i le .  

o I ndus tr i al wa ter r elease to the r iver  should be de f i ned 

and compared w i t h  the au x i l i ar y  bu i ld i ng s ump l iquid

proce s s i ng act iv i t ie s . 

o De ta i led data r epr e sen t i ng gas/vapor mas s  t r ansfer  

w i th i n  the conta i nment and HVAC sys tem to Apr i l  3 0 , 
1 9 7 9 , should be developed . 

5 . 1 . 3  Rad i ochemical Data 

The follow i ng r ecommenda t ions wer e  made � n r e spec t to the 

r ad iochemical d a ta in the data base . 
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o The sys tema t i c sea r ch for ea r ly sample data s hould 

be e x tended to d e t e r m i ne r e s u l t s  o f  samples ident i f i e d  

i n  t h e  GPU sample coord i na tor ' s  log for compone n t s  

i n  t he r eac tor coolant sys tem , t h e  ma keup and pu r i f i 

cat ion s y s tem , and the l i qu id  r adwa s te sys tems . The 

search should a lso i nclude a t horough rev iew of summa r y  

documents that have r epor ted such data . 

o A l i s t  o f  a r ch i ved sample s ava i lable for pos s i ble 

reanaly s i s  should be comp i led and used in a sys tema t ic 

r ev i ew o f  the r ad iochem ical data ba se i n  order  to 

iden t i fy samples whose r eana lys i s  wou ld be o f  value . 

I n  t h i s  r ega r d , bo th iod i ne - 1 2 9  and t r i t ium a r e  o f  

pa r t icular i n terest . Whe r e  pos s i ble , i od i ne - 1 2 9  should 

be determ i ned i n  selected sample s pr e v i ou s ly analy zed 

for iod i ne- 1 3 1  to ver i fy the iod i ne - 1 2 9  to iod i ne- 1 3 1  

r a t ios . •rr i t ium conce n t r a t i ons i n  se lected compo-

nent samples w i l l prov ide an analy t ical bas i s  for 

r e l a t i ng the compone n t  conte n t s  to the r eactor coolant . 

o The data base does not pr e sen tly i nclude sur face act i v i ty 

data and i t  should be e xpanded to i nc lude s uch data . 

Sur face con tam i na t ion i n  the r eac tor bu i ld i ng i s  o f  

con s i de r a ble impor tance to t he unde r s tand i ng o f  t h e  

ga seou s-sur face mas s  t r a n s f e r  i nt e r a c t ions the r e . 

The pr edecontam i n a t i on sur face samples taken f r om 

r eac tor bu i ld i ng sur faces appear  to be e spec i a l ly 

impor tant i n  t h i s  regard and represent the only s ample s 

that rave sys tema t ically r emoved and cha r acte r i z ed 

everyth i �g f r om known sur face areas . The i r  use  to 

i nd icate the r ad ioac t iv i ty a s soc i a ted w i th known a r e a s  

cou ld be impor tant , although t he impr ec i s i on o f  much 

of the data taken for health phys i c s  pu r poses may 

be a severe d e t r iment to the i r  quan t i ta t i ve use • 
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o The data base cur r ent ly conta i ns very few s ample s 

of  sol id mater i a l ; these a r e  of suspended sol id s f i l 

t e r ed f r om l iqu id samples . Some components  o f  the 

ma keup and pur i f icat ion sys tem conta i n  s ign i f icant 

amounts  of sol id ma ter i a l , and some of  these ( i . e . , 

f i l te r s }  a r e  be ing d i smant led and the sol i d . mater i a l  

we ighed and analy zed a t  the present t ime . These data 

w i ll be e xpec ted to have a con s i de r able i n f l uence 

on mas s  ba lance and should be entered i n to the sys tem 

as soon as ava i lable to a l low a ppl icat ion of the expe r i 

ence s i n  u s i ng the d a t a  i n  ma ss ba lances to f u r t h e r  

samp l ing and analyses . 

The r e  a r e  many data element s  that a r e  sem iquant i ta t ive i n  nature 

but that , i n  v i ew o f  the lac k o f  data dur i ng t he t ime s of pr ima r y  

i n te r e s t , w i l l pr obably become usefu l . Inclus i on o f  such d a ta 

s hould be con s i d e r ed ; these data wou ld i nclude area mon i tor , 

smear and gross act i v i ty data for gaseous and l iqu id samples . 

These data wou ld poten t i a lly be used as r e la t i ve mea sures  of 

ac t i v i ty and are potent ia lly useful , along w i th some i sotopic  

analyses , as ca l i br a t ion po i nts . 

Some cons ide r a t i on should be g i ven a l so to i nclude chemical 

ana ly s i s  data i n  the data base ; pH values may be par t icula r ly 

u s e f u l  for cha racter i z i ng aqueou s chem i s t r y . 
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5 . 2  COMPUTER-AI DED DATA ANALYSES 

Recommenda t i ons i .1 the a r e a  of compute r -a i ded data  analys i s  

i nclude the comple t i on and extens i on o f  t he compu t e r - a ided accou n t 

i ng process ou t l ined i n  Sec t i on 4 . 1 . I t  i s  a l so r ecommended 

that deve lopment beg i n  on a more soph i s t i cated ma ss tr ansfer  

module to s imu late i n t e r phase t r ans f e r s  be tween and  w i th i n compone n t s  

o f  spec i a l  i n ter e s t . 

5 . 2 . 1  Account i ng of Component-to-Component Ma s s  Tr ans fer 

It is r ecommended that t he comple t ion o f  t he calculat i onal mod u l e s  

( d e sc r i bed i n  Sec t i on 4 . 1 ) f o r  l iqu i d  t r an s fe r s  b e  g i ven a h igh  

pr i or i ty . Th i s  w i ll i nvolve deve lopment o f  a sys tem of opt i ons 

i n  the  r ad i ochem ical conce n t r a t ion module to a i d the user  i n  

t he c ho i ce o f  t h e  most appl icable s amp le d a t a  and i n  t h e  calcula

t i on o f  concen t r a t ions for a chosen ma s s  balance t i me f r om known 

pr i or or subsequent component concent r a t i ons and f r om concent r a 

t i ons and volume s o f  i n f luent l iqu i d s . Add i t iona l ly , p r ov i s i on 

to d e te r m i ne and account for t he i n fluence of  f i l te r s  and dem i n

e r a l i z e r s  on l i qu i d  f lows should be i ncorpor ated . 

The ne x t  s teps wou ld be the i nc lu s i on o f  gas and sol i d s  t r an s f e r s .  

These deve lopments should be made in  c a r e f u l  conce r t  w i th the 

deve lopment o f  data de f i n i ng gas and so l id s  t r an s fe r s  to ensure  

that the calcula t ional a id s  a r e  use f u l . As  noted above , gas  

flow d a ta a r e  spa r se and/or suspec t and the ma ss t r an s f e r  calcu

l a t i ons w i l l pr obably be needed to deduce and e s t imate gas t r ans

fe r s , but the spec i f ic me t hods w i l l  h ave to be deve loped . 

I n  the case o f  sol ids , the t r an s fe r s  occu r r ed a long w i th gases 

and l i qu i d s , and t he amounts t r ansfe r r ed w i l l have to be deduced 

f rom the quant i t i e s  and char a c te r i s t ic s  o f  sol ids  found and 

sampled , as we l l  as t he quant i t i e s  and character i s t ics  o f  the 

car r i e r  gas or l iq u i d  f low s t r eams . Aga i n ,  the spec i f ic uses 

of  t he calcula t i onal a id s  w i ll be deve loped . 
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A ver y  impor tant use of the account ing model should be i ts appl i 

c a t ion t o  t h e  r e v i ew o f  the data base and t h e  ident i f ica t ion 

of i nd i v i dual values that are  i ncon s i s tent w i th the bulk o f  

the data . Fina l ly , i t  should be used to deve lop and ma inta i n  

( as new d a t a  a r e  ava i lable ) t h e  b e s t  e s t ima te s of mass balance 

ve r sus  t ime . 

5 . 2 . 2  Mode l i ng of Ma ss Trans fer s W i th j � Componen t s  

The r eac tor coolant system should b e  modeled to fac i l i tate the 

g r eate s t  use of the r e lat ively abundant r eactor coolant sample 

and analy s i s  data , because the reac tor fuel and coolant a r e  

the sources of those ma te r ials  t r ans fe r r ed tc other components 

a nd because the r ear tor coolant has been i n  contact w i th the 

deg r aded core for 3�  year s .  Th i s  mode l i ng would fac i l i tate 

the deve lopment of the r e lat i onsh i ps between the reactor coolant 

conce n t r a t i ons as a func t ion of t ime and the con tents of var ious 

tank s .  I t  would also fac i l i tate a cisessmen t s  of the e f fects 

o f  the r eactor coolant on the degr aded cor e  d u r i ng the long 

c lean up per i od .  

The r eactor bu i ld i ng i s  a comple x component  ( o f  large gas volume , 

lar ge and var i ed sur face ar eas , l i qu id-gas i n t e r faces , etc . )  

and i s  a safety fea tur e the funct ion i ng o f  wh ich i s  of gene r ic 

i n te r e s t  to the nuclear i nd�st r y . Mode l i ng o f  the r eac tor bu i ld

i ng s hould add r e s s  the i ssues of absor pt ion/d e sorpt ion , wa shout/ 

pla teou t ,  s e t t l i ng , and l i qu id/vapor equ i l i br i um .  Reactor bu i ld ing 

mode l i ng should be fac i l i ta ted by the well-docume nted ven t i ng . 

Another  r ecommended mod e l i ng e f for t  per t a i ns to the r eac tor 

coolan t  system/p r es s u r e  vesse l ,  e speci a l ly d u r i ng the pe r iod 

of f ue l  ove r he a t ing . I t  i s  r ecommended that a su f f i c i ent con

ceptua l-stage e f for t be made in order  to e s tabl i sh t he pa r ame te r s  

t ha t  wou ld g o  i nto such a mode l and , hence , t o  e s tabl i sh data  

need s . 
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5 . 3  DATA ACQU I S ITION 

I t  i s  appa r e n t  that  acqu i s i t ion or development of new data  w i l l  

be r equ i r ed to s a t i s fy t he e xpa nded sys tem desc r ipt ions , ma s s  

t r ans fer chr ono logy , and r ad i ochemical samp l i ng and analys i s  

r ecommend a t i ons made he r e i n . Some cons i d e r a t i on o f  the r e sources  

r equ i r ed to  acqu i r e or  deve lop that add i t iona l i n format i on i s  

nece ss a r y . For the mos t pa r t , that cons ider a t i on mu s t  be prov ided 

by those on whom the burden of data col lec t i on would fal l . 

5 . 3 . 1  Sys tems De scr ipt ion and Chr onology Deve lopment 

To a great  extent , pe r sonne l loca ted at  the TMI - 2  fac i l i ty would 

be i nvo lved in loca t i ng , obta i n i ng , and evalua t i ng t he d r aw ings 

and documents that prov ide the i n for ma t ion descr i bed i n  Sect ions 

5 . 1  and 5 . 2 .  The e f for t i nvolved is bes t  de f i ned by those fam i l i a r  

w i th plan t documen ta t i on . 

5 . 3 . 2 Samp l i ng and Analyse s  

Mos t  of t h e  l i qu id  sampl i ng pe r t i nent to ma ss ba lance has been 

done ; however , the ma keup �ank and r eac tor coolant d r a i n  tank 

rema i n  to be sampled . The feas i b i l i ty and usefulness  o f  samp l i ng 

t he con tents of se lec ted p i pe s  i n  the ma k eup and pur i f i c a t ion 

sys tem should be exami ned . 

Sur faces a r e  of spec i a l  impor tance i n  the r eactor bu i ld i ng and 

in t he r eac tor coolant sys tem . Although many sur faces in the 

r eac tor bu i ld i ng have been sampled , the basement sur faces have 

yet to be sampled above and be low the h i gh-wa ter ma r k .  Sur face 

samples  f r om the p� essu r e  ve ssel  and uppe r cor e s t r uc t u r e s  may 

help i l lum i n a te the behav i or of f i s s i on prod uc t s  d u r i ng the 

pe r iod o f  ove r hea t i ng .  

Sol id s  mus t be character i zed and the volume s or ma s3es e s t imated 

and ana lyzed . The largest  depos i ts o f  sol i d s  ou t s i de the r eactor 
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coolant  sys tem a r e  appa r e n t ly i n  the ma keup and pu r i f icat i on 

sys tem and presumably i n  the sumps . 

Procedu r es for cha racter i z i ng and sampl i ng o f  the con tents o f  

t he pressure  vessel need t o  b e  wor k ed out  i n  deta i l  to ensur e  

that  the data accr ued can suppor t a ma ss  ba lance calcula t ion .  

For example , the evalua t i on of the number and locat ion of undam

aged fuel assembl ies  would ind icate the f r a c t ion of f i s s i on 

gases and vol a t i le f i s s i on produc ts s t i ll con t a i ned i n  the fuel , 

wh i le eva l uat i on of the number and loc a t ion o f  damaged bu t i n tac t 
fuel assembl i es would i nd i ca te f uel from wh i ch only the h i ghly 

vola t i le ma ter i a l s  escaped . I n  add i t ion , i n forma t ion a bout 

the ma ss and loc a t i on of i ntact segments wou ld de f ine the loca t ion 

o f  add i t ional r e f r actor y f i ss ion pr od uc t s ; i n forma t ion about 

t he ma ss , par t i c le s i ze ,  and compos i t i on o f  debr i s  would enable 

an appr oach to be deve loped to accoun t for the degr aded ma ter i a l . 

Aga i n  the feas i b i l i ty and cost of acqu i r ing these data  need 

to be car e f u l ly evalua ted a s  an i n tegr al par t  of the d e ta i led 

r ecover y  ope r a t i on plann ing . 
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f r ac t i on i s  not k nown and i s  not i n tend ed to be i nd ica ted by 

the numbe r of d ig i t s shown . 

I n  th i s  s t udy the  dec i s i on h 3 s  been made to e s tabl i sh a d a t a  

base and me t hod t h a t  can eventua lly  d e t e r m i ne ma s s  balance s 

a s  a func t i on of t ime . Th i s  me thod can , the r e for e , a s s e s s  the 

v a l ue s  in t he d a ta base i n  terms of t he i r  con s i s tency w i th othe r 

d a t a , e s t imate va lues  whe r e  d a t a  a r e  lac k i ng f r om �a ss  t r a n s f e r  

con s i d e r a t i ons , i n te r po l a te be tween data , and even t u a l l y  prov j � e  

a ba s i s  f o r  r e t r ospec t i ve e x t r apola t i on back i n to t h e  e a r l i e r  

pe r i od s  o f  t he acc i de n t . 

Imp l i c i t  i n  the me thod i s  the a s sump t ion ( un t i l  e v i de�ce acc r ue s  

t o  t h e  cont r ar y )  that each datum i s  va l id ; for e x ample , t h a t  

a pa r t i c u l a r  samp l e  and analy s i s  doe s  r e p r e se r. t  t h e  volume sampled . 

I nev i tably t h i s  w i ll lead to i n s tance s o f  anomQ l i e s  that  w i l l  

ha�e to be sor ted ou t unt i l  some r easonable e xplanat i on a r i se s . 

Ba s i ca lly , th i s  w i l l be a p rocess  o f  acce p t i ng t he data a s  they 

a r e , wh i le g r ad ua l ly deve lopi ng e v i d ence lo suppo r t ce r ta i n  

d a ta i n  p r e f e r ence to other  data  that  a r e  i ncons i s tent . 

As i ncomplete  a s  the d a t a  base i s  a t  p r e s en t , i t  i s  s u f f i c i e n t  

to demon s t r a te t h a t  t i1e me thod wor ks and t o  i nd i ca te t ha t  i t  

w i l l  wor k mor e  e f f ec t i ve l y  w i th add i t i onal  d a t a . 
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